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suggest that DOACs may be highly efficient and safe for 
use in MPN patients.
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Introduction

Apixaban and rivaroxaban are specific factor Xa inhibitors 
in the direct oral anticoagulant (DOAC) family. They are 
approved to treat venous thromboembolic (VTE) events 
and to prevent post-surgery deep vein thrombosis (DVT) 
and arterial thrombosis (AT) in patients with atrial fibrilla-
tion (AF) [1–3]. However, they are not yet labeled for use 
in patients with active cancers.

Essential thrombocythemia (ET) and polycythemia vera 
(PV) are myeloproliferative neoplasms (MPNs). They are 
clonal chronic disorders that develop after a clonal muta-
tion is generated. This provokes the proliferation of mye-
loid cells in bone marrow and the accumulation of mature 
cells in blood, which induces hyperviscosity. Thrombosis is 
the most frequent complication observed in MPN patients 
(among 15–30% of patients throughout follow-up). In most 
series, the arterial/venous thrombosis ratio is 2/3–1/3 [4, 5]. 
Low-dose aspirin (LDA) has been the standard therapy for 
MPN patients since the publication of the ECLAP study 
[6].

Due to the therapeutic indications of DOACs across 
multiple MPN clinical scenarios, it is evident that the rate 
of prescription of these drugs will constantly increase over 
time. Currently, no experience with DOAC use in MPN 
patients has been published. Here, we report our experience 
with DOAC prescription in an MPN population.

Abstract  Direct oral anticoagulants (DOACs) have been 
approved to treat and prevent thrombotic events. How-
ever, they are not yet labeled for use in patients with active 
cancers. Myeloproliferative neoplasms (MPNs) are clonal 
chronic disorders with a high incidence of thrombotic 
events, for which low-dose aspirin (LDA) is the standard 
drug treatment. We analyzed efficacy and safety of DOACs 
prescription in patients treated for MPNs. An MPN data-
base, the OBENE registry, was established at our institu-
tion. We collected biological and clinical data from diagno-
sis to last follow-up for every patient included in this study. 
Thrombotic and hemorrhagic events and hematologic evo-
lutions were categorized as major events in the database. 
Of the 760 MPN patients in the OBENE registry, 25 (3.3%) 
were treated with a DOAC. Median follow-up duration 
was 2.1  years (0.12–4.3  years). The reasons for prescrib-
ing DOACs were atrial fibrillation and thrombotic events 
for 13 and 12 patients, respectively. We only observed one 
thrombotic event (4%) and three major hemorrhagic events 
(12%). A case–control study did not detect a significant 
difference in thrombotic or hemorrhagic events in patients 
treated with LDA and DOACs. These preliminary results 
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Methods

After institutional review board approval, an MPN data-
base was established at our Institution: the OBENE reg-
istry (Observatoire brestois des néoplasies myélopro-
lifératives) (NCT02897297). At our institution, MPN 
diagnoses were made based on PVSG or WHO criteria 
throughout the years [7, 8]. Prior to enrollment in the cur-
rent study, all patients signed informed consent. Biologi-
cal and clinical data were collected from diagnosis to last 
follow-up (dead or alive). Only proven thromboses were 
recorded in the registry. The following were defined as 
major hemorrhagic events: intracranial bleed, retroperito-
neal bleed, overt hemorrhage associated with a decrease 
in hemoglobin ≥20 g/l and overt hemorrhage requiring a 
blood transfusion of two units or more. All other hemor-
rhages were classified as minor [9].

We performed a case–control study (following a 1:1 
pattern) by matching patients from the OBENE reg-
istry by age, sex and type of MPN to control for major 
confounders.

Results

Among our 760 patients included in our cohort, 25 (3.3%) 
were treated with a DOAC (17 ET and 8 PV), and 12 
patients were females. The median age at the time of DOAC 
prescription was 75.4 years. Nineteen (76%) patients carried 
cardiovascular risk factors (hypertension (84%), hypercho-
lesterolemia (52.6%), diabetes mellitus (15.8%) or tobacco 
(10.5%). Also, nine patients had a history of thrombo-
sis: five arterial events, two venous events and two mixed 
events. So, according to these elements, 92% of the patients 
could be considered at high-risk for thromboses.

The hemograms at the time of MPN diagnosis, showed 
median values of leukocytes and platelets at 10.1 and 668 
giga/l, respectively. Twenty-one patients had thrombo-
cythemia and twelve had leukocytosis.

At the time of the prescription of DOAC, 21 (84%) of 
the patients were under cytoreductive drugs: hydroxycar-
bamide (n  =  13), pegylated interferon or piprobroman 
(n = 3, each) and anagrelide (n = 2).

Seven (28%) patients were treated with a DOAC 
before MPN diagnosis, and 18 (72%) received their 
drug after MPN diagnosis: 14 after treatment with LDA 
(n =  14), 3 after treatment with vitamin K antagonists 
(n =  3) and 1 without previous drug treatment. Patient 
characteristics are shown in Table 1.

Apixaban and rivaroxaban were prescribed for 9 and 
16 patients, respectively. The median follow-up dura-
tion for the study cohort was 2.1 years (0.12–4.3 years). 
The reasons for prescribing DOACs were the following: 

AF for 13 patients and thrombotic events for 12 patients. 
The thrombotic events included eight VTE events (4 pul-
monary embolisms and 4 deep vein thromboses, most 
commonly as first VTE events) and four strokes (all 
patients also experienced AF). Among the 13 patients 
who changed from LDA to DOAC, the reasons were a 
first episode of AF (n = 9) or a first episode of thrombo-
sis or a recurrence (n = 4). All the patients had a normal 
renal function at the time of the prescription of DOAC 
(i.e. clearance of the creatinine >60  ml/min) which did 
not induce an adaptation of the dose.

DOACs was stopped in six (24%) patients (two due to 
side effects, two due to physician discretion, one due to 
post-infectious acute renal insufficiency and one due to 
a planned high-risk surgery). Seven (28%) deaths were 
recorded: two resulting from profound asthenia, two from 
stroke, one from cancer, one from trauma and one from 
pneumopathy.

In terms of efficacy, only one patient (4%) experienced 
a thrombotic event under DOAC (stroke). Another patient 
experienced stroke fifteen days after DOAC therapy dis-
continuation, prior to a planned surgery.

Regarding hemorrhages, three patients (12%) experi-
enced major events, all of which were provoked: two due 
to surgery and one due to traumatic brain injury. Two addi-
tional patients experienced minor hemorrhages.

We performed a case–control study to compare the 
outcomes of patients treated with DOACs and LDA (con-
trol). Interestingly, the control group experienced two new 
thromboses and 3 major hemorrhages and 6 deaths during 
the same follow-up period as the DOAC group. No differ-
ences in outcomes were observed between the two groups 
(Table 2).

Discussion

To the best of our knowledge, this is the first specific 
report of DOAC prescription in MPN patients. Here, we 
report the impact of DOACs in 25 MPN patients with 
ET or PV with a pro-thrombotic profile describing them 
at high-risk of thromboses in accordance with ELN cri-
teria: a median age over 60  years old, the presence of 
cardiovascular risk factors (mostly high blood pressure) 
in 76% and atrial fibrillation in 72%. Patients with such 
pro-thrombotic profiles require drug therapies to manage 
the risk of arterial and venous thromboses [10]. In this 
cohort, we only observed one thrombotic event during 
DOAC use and a low rate of major hemorrhage.

The impact of DOACs in the prevention of ischemic 
events in cases of AF (like most of the patients in our 
cohort) has been well established. A meta-analysis col-
lecting the data of 96 826 patients included in trials, 
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clearly showed significant advantages of DOACs ver-
sus LDA (alone or in association) in term of reduction 
of arterial thrombotic events (−60%) and death (−10%) 
[11].

The most concerning clinical risks in MPN patients are 
hyperviscosity and thrombosis. The recommended thera-
peutic strategy for high-risk MPN patients is prescrip-
tion of LDA in conjunction with cytoreductive drugs. 
This strategy is based on the results of the ECLAP phase 
3 study of PV patients, which showed that LDA reduced 
the risk of nonfatal myocardial infarction, nonfatal stroke 
and death from cardiovascular causes by 60% compared 
to placebo [6, 10].

Two authors have suggested that DOACs could be 
useful alternatives for the prevention of thrombotic phe-
nomena in the MPN population, as they do not require 
anticoagulation monitoring (a major drawback of VKA 
therapy) and induce less bleeding than VKA therapy [12].

Two recent studies showed the impact of VKA therapy 
in MPN populations. Hernandez-Boluda JC et al. showed a 
2.8-fold reduction in the risk of thrombotic recurrence with 
VKA therapy in a population of 150 patients with PV or ET. 
Furthermore, the rate of hemorrhage was not increased with 
VKA therapy, even when a VKA and LDA were adminis-
tered concurrently [13]. De Stefano V et al. observed a reduc-
tion of the recurrence rate of thrombosis in 206 MPN patients 
treated with VKAs (4.7 versus 8.9 events/100 patient-years, 
p  =  0.03). Furthermore, discontinuation of VKA therapy 
was shown to increase the risk of new thrombosis (5.3 versus 
12.8 events/100 patient-years, p = 0.08) [14].

The proportion of patients prescribed DOACs in the 
OBENE cohort was very low (3.3%), and the 2-year 
follow-up period was relatively short; however, this was 
unavoidable due to the delay in marketing authorization 
after the drugs became available in 2011.

A recent retrospective study of 437 MPN patients con-
ducted in Germany identified only 8 patients treated with 
rivaroxaban (1.8%). The data analysis revealed an odds 
ratio of major bleeding for patients on rivaroxaban of 
1.61 (non-significant), which is much lower than those 
for patients on VKA therapy (1.97), double platelet inhi-
bition (3.05) and heparin (5.64, the only drug with a sig-
nificant odds ratio for major bleeding) [15].

MPN patients have a very high rate of thromboses. 
Therefore, they require antithrombotic drugs to reduce the 
number of thrombotic events they experience: LDA is the 
preferred treatment, but VKAs and DOACs can also be 
useful. We admit that our results are preliminary. Despite 
the limited 2-year follow-up period for DOAC use, the 
results of this study indicate that DOAC therapy may be 
efficient and safe in MPN patients. We are currently pre-
paring a protocol for a prospective study that will com-
pare LDA to DOAC therapy in high-risk MPN patients.
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