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Abstract:

Introduction: Direct oral anticoagulants (DOACSs) have recently proven their efficacy and
safety, as primary and secondary prevention agents for thrombosis in cancer patients. We aimed
to determine if DOACs might be a suitable choice to reduce the thrombotic risk in
myeloproliferative neoplasm (MPN) patients.

Materials and Methods: We analysed a large multicentric cohort of MPN patients treated with
rivaroxaban or apixaban after atrial fibrillation (AF) or thrombotic events.

Results: We included 135 MPN patients with a median follow-up of 23.8 months since DOAC
initiation. Twenty patients (14.8%) developed 30 thrombotic events (28 arterial thromboses in
19 patients) for a global incidence of 6.5% patient-years. No difference was highlighted
between apixaban and rivaroxaban in terms of thrombosis risk, but the incidence of arterial
thrombosis was significantly higher on low-dose DOACs (11.9 vs. 4.5% patient-years, p=0.04).
Bleeding events were more frequent in the full-dose group (41.2 vs. 15.2%, p=0.006). However,
major and clinically relevant non major (CRNM) bleeding events occurred in 18 patients
(13.3%), with no difference between the groups. Age was the only identified thrombotic risk
factor, whereas risk factors for major or CRNM bleeding were a full-dose treatment regimen
and a combination of DOAC/low-dose aspirin.

Conclusions: DOACs seem effective in preventing venous thrombosis in MPN patients with
AF or VTE. For these high-risk patients, low-dose DOACSs exposed patients to more arterial
thrombosis but fewer bleeding events. Prospective studies are needed to evaluate and compare

DOAC: to the currently recommended antithrombotic drugs for high-risk MPN patients.
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Introduction

Myeloproliferative neoplasms (MPNs) are chronic haematological disorders
characterized by clonal proliferation of myeloid cells in bone marrow and hyperviscosity of the
blood due to the high concentration of these myeloid cells in peripheral blood. They induce a
high risk of various complications (thrombosis, haemorrhage, and phenotypical evolution).
Philadelphia negative (Ph-neg) MPNs include polycythemia vera (PV), essential
thrombocythemia (ET), pre-fibrotic myelofibrosis (PreMF) and primary myelofibrosis
(PMPF)!H,
Thrombotic and haemorrhagic events are major causes of morbidity and mortality in Ph-neg
MPN patients. Thrombotic risk factors have already been established : age > 60 years and a
previous history of thrombosis!?. Physicians should also consider cardiovascular risk factors
(high blood pressure, diabetes mellitus, tobacco use, obesity, and dyslipidaemia). Gender also
affects the incidence of venous thrombosis'>?!. Thromboses have been reported in 8-30% of
MPN patients, and more frequently in PV compared to other types of Ph-neg MPNs!*.
Likewise, the JAK2V617F mutation increases the thrombotic risk compared to other mutations
(CALR, MPL) or triple-negative MPNs and it represents a strong criterion in the definition of
high thrombotic risk for ET patients according to the IPSET-thrombosis scorel®®!. Arterial
thromboses (AT) appear to be more frequent, representing 2/3 of the events compared to venous
thromboembolic events (VTE), with a proportion closer to 1/2-1/2 in more recent studies!>’*#!,
Atypical venous sites may be observed, such as splanchnic or cerebral vein thromboses!®!. The
main risk factors identified for VTE in MPN patients are age, leukocytosis and history of
thrombosis!!'®!! and the recurrent VTE rate is around 6.5 per 100 pt-years in literature!'?'.

To reduce thrombotic complications, preventive therapies are commonly prescribed in
addition to cytoreductive agents for high-risk patients. Low-dose aspirin is the first-choice

treatment in patients without a recent thrombotic history!>*!3!. Antiplatelet drugs are powerful
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agents for protecting against arterial thrombosis, but they are less effective for preventing the
occurrence or recurrence of VTE. Vitamin K antagonists (VKA) represent an alternative and
can be prescribed in the long term!'*. However, the issue is to find the right balance between
thrombotic and haemorrhagic risks, related to antithrombotic treatments, that are probably
increased by MPN. The median incidences of global bleeding and major bleeding events are up
to 4.6 and 0.79% patients/year, respectively, in ET and 6.5/1.05% patients/year in PV patients,
most frequently involving the gastrointestinal tract!". The bleeding risk is particularly
increased in the case of extreme thrombocytosis (>1000-1500 G/L) in ET patients, due to the
potential occurrence of acquired von Willebrand syndrome!®!®!. Consequently, the best agent
to prevent thrombotic events (AT and VTE) without increasing the bleeding incidence among
MPN patients remains uncertain.

One of the options could be prescribing oral anticoagulants (DOACs)!'"-!°!. They
currently belong to the therapeutic quiver of prevention and treatment of VTE and a reduction
of AT events post atrial fibrillation (AF)?*?!, Furthermore, they have recently shown their
safety and efficacy in preventing VTE in solid cancers in several studies, such as the
EINSTEIN, HOKUSAI-VTE, CARAVAGGIO and SELECT-D trials®>%!. In these trials,
haematologic malignancies represented only 10% of the cancers; however, they suggested a
potential use of DOACs in myeloid malignancies (i.e., MPNs). DOACs have been also
prescribed in MPN population because of the high-risk of VTE, high incidence of AF and high
frequency of cardiovascular risk-factors (due to older age)®’!. Recent studies have analysed the
efficacy and safety of DOACs in MPN patients!?® 32!, Their findings suggest that DOACs,
prescribed for AF or VTE, could prevent thrombotic events without increasing the bleeding
incidence in comparison with VKA, but more data are necessary to confirm the potential use of

DOAC: in daily practice with MPN patients.
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We have assembled a large cohort of MPN patients treated with DOACs for AF or
venous thrombosis. We analysed the overall thrombosis and haemorrhage rates related to
DOACs, and by the DOAC type (apixaban or rivaroxaban) as well as the daily dosage
prescribed. This multicentric retrospective study refines these findings and should help to

rationalize the use of DOACs in MPNs.

Materials and Methods
Patient recruitment

This trial is a French multicentric retrospective study including patients diagnosed,
treated, and followed up at four university or regional hospitals (Brest, Bordeaux, Quimper and
Tenon, Paris). MPN patients from Brest are included in the OBENE registry (Observatoire
Brestois des Néoplasies Myéloprolifératives, NCT02897297), an observational cohort of Ph-
neg MPN patients. MPN patients from Quimper are included in the local OFUSI registry. The
OBENE and OFUSI registries have been approved by the local ethics committees. All patients
provided written informed consent according to local procedures.
Data collection

All MPN diagnoses met the WHO 2008-2016 criteria''**!. For each patient, we collected
data on demographics, mutational profile, cytoreductive agent use, the occurrence of any
previous thrombotic events and antithrombotic treatment. For patients with DOACs, we
obtained detailed information about the indications, initiation, and end-of-treatment dates and
about any treatment modifications. We included all MPN patients treated with DOAC, between
January 1%, 2012, until end of the data collection on November 1*, 2020.
Analysis by subgroups

Subgroups of patients were defined according to the indication for DOAC: AF (atrial

fibrillation), VTE (venous thrombotic event) and various (recurrent arterial events and post
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transcatheter aortic valve implantation), by the drug used: apixaban vs. rivaroxaban and by
treatment intensity: full dose (rivaroxaban 20 mg once daily, OD, apixaban 5 mg bis in die,

BID) or low-dose (rivaroxaban <15 mg OD, apixaban 2.5 mg BID).

Thrombotic and haemorrhagic events

Arterial and venous (or both) thrombotic events were considered. AT included transient
ischaemic attack, stroke, myocardial ischaemia, intra-abdominal arterial thrombosis, and
peripheral arterial thrombosis (lower and upper limbs) while VTE included superficial and
deep-vein thrombosis in the lower and upper limbs (SVT and DVT), pulmonary embolism (PE),
cerebral thrombosis and intra-abdominal venous thrombosis. All included events were
diagnosed by the appropriate imaging techniques. Minor thrombotic events, such as
erythromelalgia, were not included.

Bleeding complications were defined according to the International Society on
Thrombosis and Haemostasis criteria. Thus, major bleeding was defined as fatal bleeding,
and/or bleeding in a critical area or organ, such as intracranial, intraspinal, intraocular,
retroperitoneal, intra-articular or pericardial, or intramuscular with compartment syndrome,
and/or bleeding causing a drop in the haemoglobin level > 2 g/dLL or more or leading to the
transfusion of two or more units of whole blood or red cells. Clinically relevant non major
(CRNM) bleeding was defined as bleeding requiring medical intervention by a health care
professional, and/or leading to hospitalization or an increased level of care, and/or prompting a

face-to-face evaluation!**3>!. All other haemorrhages were classified as minor.

Patient follow-up
The follow-up time was defined as the time between the diagnosis and the last follow-

up or death. DOAC treatment time was defined as the time between the start of DOAC and the
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definitive discontinuation of this treatment (including modifications of the DOAC or its doses)

or the last follow-up or death (if anticoagulation was not stopped).

Statistical analysis

Statistical analysis was performed using R®, XLSTAT® and Prism GraphPad® software.
Student’s and Wilcoxon’s tests were used for quantitative variables, and chi-square or Fisher’s
exact test was used for qualitative variables, with a statistical significance threshold set at p
<0.05. Kaplan-Meier analysis was used to perform event survival analysis and log-rank tests
were used to compare survival distributions between different groups, setting a threshold of p
value < 0.05. The rate was also calculated for thrombotic and haemorrhagic events, by dividing
the number of events by the total number of patient-years. Risk and predictive factors were
identified by constructing a Cox proportional hazards model with both univariate and

multivariate analyses.

Results
Patient characteristics

A total of 135 patients were included in this study (flow-chart available in Suppl. Figure
1). At the time of DOAC initiation, their median age was 76.7 years old, and a slight male
predominance (53.3%) was observed (Table 1). Most patients (n=125, 92.6%) presented with
a high risk of thrombosis according to the ELN criteria and carried at least one cardiovascular
risk factor (n=126, 93.3%). PV patients represented 43.7% (n=59), ET patients 38.5% (n=52),
primary or secondary MF patients 10.4% (n=14) and MPN unclassifiable patients 6.7% (n=9).
At the time of DOAC initiation or during the first three months, 105 patients (77.8%) were
treated with either cytoreductive drugs or phlebotomy: hydroxycarbamide was the most

frequently prescribed (n=73, 54.1%). Furthermore, 103 patients (76.3%) were already taking
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low-dose aspirin (LDA) (more frequently in the low-dose DOAC group than in the full-dose
DOAC group) or vitamin-K antagonists alone or a combination or another anticoagulant before
taking DOAC:s.

A description of all thrombo-haemorrhagic events before DOAC initiation is available
in Supplementary Table 1. Thrombotic events occurred in 103 patients (76.3%), representing
226 events accounting for 114 arterial events in 59 (50.4%) patients, 112 venous events in 64
(47.4%) patients and 20 (14.8%) patients had both. Haemorrhagic events were observed in 46
(34.1%) patients with 44 major or CRNM bleeding events. The first and second most common
locations of major or CRNM bleeding events were the digestive tract (12 events, 10 patients)

and ear-nose-throat (ENT)(8 events, 6 patients).

DOAC prescription

DOAC treatments were started before MPN diagnosis in 35 cases (25.9%) with a median
time of 7 months before the diagnosis [IQR 1.7-20.2] or after MPN diagnosis in 100 cases
(74.1%) with a median time of 54 months [IQR 22.1-112.7].

The main reason for DOAC initiation was AF for 66 patients (48.9%), followed by VTE
in 63 patients (46.7%). Among the patients with AF, 18% received DOAC for both AF and
thrombotic history (6 patients had a VTE and 2 had both thrombotic events). The rest of the
patients received their DOAC as primary prophylaxis. Five patients started DOACsS for atypical
or recurrent AT, and one patient started DOAC after TAVI (group “others”)(Table 1, Suppl.
Table 1).

In our cohort, apixaban and rivaroxaban were prescribed with an equal distribution (68
patients-50.4% of the cohort for apixaban and 67 patients-49.6% of the cohort for rivaroxaban)
and indications (52.9%/44.8% of each DOAC for AF and 39.7%/53.7% tfor VTE). A

predominance of curative (full) doses was observed (n=102 patients, 75.6% of the cohort). Full-
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dose DOACs were more frequently prescribed in VTE cases than in AF situations (p=0.001).
LDA was prescribed in addition to DOACs to 17 patients (12.6%). The main reason for this
association was a high-risk thrombotic situation with a history of both arterial and venous
thrombotic events (e.g., stroke or myocardial ischemia with pulmonary embolism or deep

venous thrombosis).

Thrombotic events under DOAC use

During a median follow-up of 23.8 months after DOAC initiation, twenty patients
(14.8%) experienced at least one thrombotic event with 30 recorded events (Table 2). Arterial
thromboses were the most frequent (n=28 events-93.3% of the thrombotic events), mainly
transient ischaemic attack/stroke (n=13-46.4% of the AT). The global cumulative incidence of
thrombosis was 6.5% patient-years (6.1 and 0.6% for arterial and venous events, respectively).

When comparing the apixaban and rivaroxaban groups, we did not observe any
significant difference in terms of thrombosis (16.2 vs. 13.4%), global cumulative incidence of
thrombosis (8.7 vs. 4.9% patient-years), occurrence of arterial events (16.2 vs. 11.9%) or
cumulative incidence of arterial thrombosis (8.7 vs. 4.3% patient-years) (Table 2, Figures 1A
and B). However, there was a significantly higher rate of arterial events in the low-dose group
than in the full-dose group (11.9 vs. 4.5%-patient-years, p=0.04) (Table 2, Figures 1C and D).

Patients with subsequent thrombosis were more frequent in the AF group (n=14-21.2%
vs. n=5-7.9%, p=0.03) with a predominance of arterial events (n=17-89.5% of the thrombotic
events). In the VTE group, only arterial events were observed (n=8 in 5 patients, p=0.05). The
global and arterial cumulative incidences of thrombosis were higher in the AF group (9.6 vs.
3.3, p=0.028 and 8.8 vs. 3.3% patient-years, p=0.048, respectively) (Suppl. Table 2, Figures

1E and 1F).
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In univariate analysis, two predictive risk factors for arterial events under DOAC
administration were identified: age older than 80 years at DOAC initiation and low-dose
DOAC, but only age >80 years-old at DOAC initiation remained significant in the multivariate

analysis (p=0.03, HR=12.1 [1.2;105.7])(Suppl. Table 3).

Haemorrhagic events under DOAC use

Forty-seven patients (34.8%) presented with at least one bleeding event, including 31
major or CRNM bleeding events for 18 patients (66% of the haemorrhagic events, 13% of the
cohort), representing global and major or CRNM bleeding incidences of 19% and 6% patient-
years, respectively (Table 2). The major/CRNM bleeding sites were mainly digestive, ENT, or
cerebral sites (9, 7 and 5 events, respectively).

No statistically significant difference was seen when comparing apixaban vs.
rivaroxaban in terms of the patient distribution (33.8 vs. 35.8%,), major/CRNM bleeding events
(8.8 vs. 17.9%), or the incidence of major/CRNM bleeding events (4.7 vs. 7% patient-years)
(Table 2, Figure 2A).

A higher number of bleeding events was observed in the full-dose group than in the low-
dose group (41.2 vs. 15.2%, p=0.006). The global incidence was also higher (22.1 vs. 8.8%
patients-year, p=0.04) but the incidence of major/CRNM bleeding events was not (Table 2,
Figure 2B). Among the 17 patients treated with antithrombotic association, only 4 patients
(23.5%) experimented major or CRNM bleeding (urinary, digestive, cutaneous and ENT
localizations).

Between the AF and VTE groups, no statistically significant difference was observed
in terms of the patient distribution (33.3 vs. 38.1%), major/CRNM bleeding events (13.6 vs.
14.3%) or the incidence of major /CRNM bleeding events (6.3 vs. 6.2% patient-years) (Suppl.

Table 2, Figure 2C).
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In multivariate analysis, we identified two risk factors that were predictive of
major/CRNM bleeding events: full-dose DOACs as well as DOAC and LDA combination
(p=0.038, HR=2.18 [1.1;69.7] and p=0.006, HR=6.45 [1.7;24.2], respectively) (Suppl. Table

3).

Mortality

Twenty-six patients (19.3%) in our cohort passed away during the follow-up (data not
shown). Major causes of death were infections, cancers, and haemorrhages. In fact, it should be
stressed that four patients died from a fatal bleeding (but only one patient while being under

DOAC treatment).

DOAC treatment modifications

For 77 patients (57% of the cohort), the DOAC treatment was modified as follows
(Table 3): the most frequent modification was temporary discontinuation in 54 patients (40%),
followed by a switch of DOACs type (n=19, 14.1%), a dose decrease (12.6%), discontinuation
(12.6%) or a dose increase (1.5%). Temporary discontinuations were frequent (69 events for 54
patients, more thanl stop for 10 patients), mostly due to surgery or medical acts with
haemorrhagic risk (85% of the discontinuations). Median DOAC stop was 3 days, with only 10
patients (18.5%) stopping for 7 days or more, mainly due to bleedings. Changes were equally
frequent between the DOACSs. However, it could also be observed that rivaroxaban was more
frequently switched to apixaban than the reverse (n=14, 20.9% vs. n=5, 7.4%, p=0.02), mostly
due to haemorrhagic complications. The dose of apixaban was more frequently reduced (n=13,
19.1% vs. n=4, 6%, p=0.02). When analysing complications occurring after DOAC
discontinuation, we observed 9 new thrombotic events (4 arterial and 5 venous) principally

during a temporary DOAC stop for a medical act with a bleeding risk. We also noticed 4

12
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(major/CRNM) haemorrhagic events at the same time, mostly under LDA (Table 4). No
correlation was found between DOAC switches or dose modification and thromboembolic or

haemorrhagic events.

Discussion

In this study, we describe a large real-life cohort of MPN patients treated with DOACs
for highly prothrombotic clinical entities (mainly AF or VTE). Indeed, our patients carried a
very high thrombotic risk, with 92.6% of them defined as high risk by ELN criteria, 93.3% with
at least one cardiovascular risk-factor and 76.3% with a history of thrombosis. After a median
follow-up of 2 years, we highlight the fact that DOACs now belong in daily-clinical practice
and are clearly useful to prevent thrombotic events (mostly recurrence) in such a high-risk MPN
population.

Among these very high-risk patients, we observed a high incidence of new thrombotic
events under DOAC treatment with a cumulative incidence of 6.5% patient-years. This value
was 2.1 and 4.5% patient-years for AF and VTE patients, respectively, in a recently published
international cohort of MPN patients (median FU=1.7 years)®!!. In another recent retrospective
study, with similar characteristics and indications to treat, the 1-year cumulative incidence of
thrombosis on DOAC was 5.5%"?.. In these studies and in present one, the patients should be
already considered as high-risk MPNs due to the age or the presence of thrombotic events.
Effectively, the median age of patients at the time of DOAC prescription was 695!, 71111 and
77 years (present). The difference in age should be taken into account for the interpretation of
the comparative results (co-morbidities, co-therapies...). These results should be discussed
along with previous studies showing a benefit of primary prophylactic low-dose aspirin to
prevent thrombosis in MPNs 3! an incidence of thrombosis recurrence of 5.3% patient-years

under long-term VKA administration post-VTE [ and 3.9% patient-years in long-term VKA
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administration post splanchnic vein thrombosis'*®!. Of note, VTE recurrence occurred in 5.6%
of cancer patients and the 6-month cumulative VTE recurrence rate was 4% using apixaban or
rivaroxaban, respectively!?>?®!. Reducing the rate of thrombosis has been identified as one of
the unmet clinical needs for the prevention of thrombosis in MPN!!718],

Thrombotic events were slightly more frequent in the AF group (72.3%) than in the
VTE group (68.8%), unlike previous published cohort*!!. Furthermore, 93.3% of events in our
study were arterial thromboses. From our experience thus far, patients with previous VTE never
experience a VTE recurrence. Thus, the percentages stress the difficulty of comparisons
between studies. It has been reported that arterial events are more frequent in MPNP#!. Prior
cohorts also reported frequent arterial thrombosis in MPN patients under DOAC!?83%321 One
possible strategy would be a combination of DOACs and aspirin. In previous publications, this
approach showed a decreased risk of major ischaemic events in patients with symptomatic
lower extremity peripheral artery disease, but it was also associated with an increased risk of
major bleeding®®”. In our cohort, 12.6% of the patients received both drugs without any impact
on their thrombotic risk. In multivariate analysis, age (> 80 years old) at DOAC initiation was
independently associated with the thrombotic risk.

We also noticed a low incidence of major bleedings (2.5% patient-years) as well as a
low incidence of CRNM or major bleedings in our cohort (6.0% patient-years). Barbui and
colleagues observed an annual incidence of 2.6% patient-years of major bleeding events (3%
for AF patients and 2.3% for VTE patients), while How and colleagues reported in their cohort
a very high 1-year cumulative incidence of bleeding (12.3%, mainly major or CRNM bleeding
events). These results should be compared to those previously observed for MPN patients, such
as a major bleeding rate of 1.2% on primary prophylactic low-dose aspirin!'*!. For patients on
long-term VKAs, the reported incidences range from 2.0% patient-year post splanchnic vein

thrombosis to 2.4% post VTE!!7] In a recent literature review, the median bleeding incidence,
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after diagnosis, was evaluated at 11.5%, with the gastrointestinal tract also being the first
location of bleeding, as in solid cancers!!). These incidences were 3.8% and 6% post VTE in
cancer patients using apixaban or rivaroxaban, respectively!>>?%!. In multivariate analysis, a full-
dose treatment scheme and a DOAC/LDA association were independently associated with a
major or CRNM bleeding risk. The co-prescription of LDA and DOAC is low in our MPN
cohort. In fact, in multidisciplinary meetings when internists, cardiologists and hematologists
discussed about the new prescription of DOAC for a MPN patient, the frequent result is mostly
the change from LDA or VKA to DOAC alone. To date, there is no recommendation to co-
prescribe DOAC and LDA in MPN patients, mainly due to scare information and no prospective
trial on this subject. In front of the increased risk of bleeding with DOAC and LDA association,
in a population with an inherent haemorrhagic risk!!'*), this association should be discussed in
very high-risk thrombotic situations (for instance in case of repetitive arterial event previously
to or under DOAC prescription), according to the risk/benefit balance.

An interesting point of our study was the low-dose and full-dose DOAC regimens,
which have never been previously investigated in MPN studies. In this very high-risk
population, we did not find any significant differences between the DOAC regimens in terms
of thrombotic events (13.4 vs. 16.2%). Nevertheless, there was a significantly higher incidence
of arterial events in the low-dose group (11.9 vs. 4.5% patient-years, p=0.04). Low-dose
DOAC S have already been shown to prevent VTEP®*°I Two previous studies, the CASSINI
and AVERT trials!***!!  assessed the efficacy of low-dose DOACs to prevent VTE in
ambulatory cancer patients. They demonstrated their efficacy in preventing VTE in comparison
to placebo (4.2% vs. 10.2% thrombotic events, HR=0.41 for apixaban'*!! and 6.0% vs. 8.8%,
HR=0.66 for rivaroxaban'*’!). On the other hand, low-dose DOACs exposed our MPN patients
to a lower risk of bleeding (15.2% of the patients and incidence rate at 8.8% patient-years) than

full-dose DOACs (41.2% and 22.1% patient-years) (p=0.006 and p=0.04, respectively). The
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differences were not due to major or CNRM bleedings. There is currently no comparative study,
but the incidences of major bleeding were very low in the CASSINI and AVERT trials (2.0%
and 2.1%, respectively)!***!!. The balance of benefit/risk of this therapeutic alternative should
be assessed by other studies, but it seems that low-dose DOACs could be a reasonable option
for thrombotic prophylaxis, resulting in a low haemorrhagic risk.

In terms of thrombosis, we did not observe any significant difference between
rivaroxaban and apixaban (16.2 vs. 13.4%), the global cumulative incidence of thrombosis (8.7
vs. 4.9% patient-years) or arterial thrombosis (8.7 vs. 4.3% patient-years). These results are in
accordance with prior studies assessing rivaroxaban and apixaban in cancer-related VTE
treatment, which found a similar efficacy and safety of these two anti-Xa inhibitors (recurrent
venous thromboembolism in 5.6% of patients for apixaban, 6-month cumulative VTE
recurrence rate of 4% for rivaroxaban)>>?%!. These results highlight that the two aforementioned
drugs can be equally prescribed, taking into account that some patients are more compliant on
a once—a—day treatment regimen!*?!. Barbui and How observed the same results in their cohorts,
but they collected data on patients treated with one out of the four DOACsS, limiting the
possibility of identifying any such difference. They, however, found that dabigatran and
edoxaban were associated with a higher risk of recurrent thrombosis, as well as dabigatran was
more frequently associated with bleeding!®!).

In our cohort of very high-risk MPN patients, we observed 4/26 (15.4%) patients died
from haemorrhage but no one due to thrombosis. These numbers could be interpreted as a good
manner to choose low-dose DOAC in these situations. But the final choice should be taken
according to patient, comorbidities, and vascular risk. In cancer patients, it should also be
remembered that case fatality rates from haemorrhage or thrombosis have been calculated as

8.9 and 15.4%, respectively!*l,
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Concerning the thrombotic and haemorrhagic risks, concomitant therapies could play a
role to reduce their incidence. Among them, cytoreductive drugs could be helpful*!. In our
cohort, we did not observe any significant difference on thrombotic and haemorrhagic incidence
between patients treated with or without cytoreductive drugs (data not shown).

In this cohort, we observed many modifications of DOAC prescriptions during the
follow-up (n=77, 57% of the cohort). The most frequent were transitory discontinuation (n=54,
40% of the patients) and switching between DOACs (n=19, 14.1%). Patients definitively
stopped their DOAC for 12.6% of the cohort, compared to 13.6% in a previous study®*!l. At the
same time, after transient or definitive DOAC discontinuation, we observed 9 new thrombotic
events (4 arterial and 5 venous) including 4 patients not taking any antithrombotic drug. We
also noticed 4 major/CRNM bleeding events, mostly under LDA. Even if we could not come
to any conclusion about a correlation between drug modification and complication rates, we
suggest that DOACs should not be stopped without multidisciplinary discussion and perhaps a
switch to another antithrombotic drug should be considered. This was previously highlighted
in MPN related splanchnic vein thrombosis, where patients after VKA discontinuation were
exposed to a higher thrombotic risk than those on long-term treatment (7.2 vs. 3.9% patient-

years)3!,

Conclusion

We identified the retrospective design and the relatively low number of cases as possible
limitations of this study. However, essential information on thrombotic and haemorrhagic
events can be extracted from our work. A clear safety and efficiency profile of both apixaban
and rivaroxaban use can be observed in such a high-risk MPN population (cumulating old age,
AF or thrombosis history, high rate of cardiovascular risk factors...). Additional studies with

larger cohorts are needed to confirm DOAC as a relevant therapeutic alternative in MPN
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patients. Furthermore, there is an important question to be addressed: could DOACsS be relevant
as primary antithrombotic prophylaxis? In more classical MPN population, could DOACs do

better than the standard of care, which is aspirin?
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607 Figures
608

609  Figure 1. Kaplan-Meier curves of the thrombotic events and arterial thrombotic events in a
610  cohort of MPN patients treated by DOAC:s.
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616  Cumulative incidence of thrombosis in rivaroxaban or apixaban groups (A), low-dose or full-
617  dose DOAC groups (C) and atrial fibrillation or venous thromboembolism groups (E) and
618  cumulative incidence of arterial thrombosis in rivaroxaban or apixaban groups (B), low-dose

619  or full-dose DOAC groups (D) and atrial fibrillation or venous thromboembolism groups (F).
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623  Figure 2. Kaplan-Meier curves of the haemorrhagic events in a cohort of MPN patients treated
624 by DOAC:s.
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656 Tables

657
658  Table 1. Initial characteristics of the 135 MPN patients treated with DOACs.
659

Characteristics at DOAC initiation Cohort Rivaroxaban Apixaban pé“;‘;;:ﬁ‘:;n Low-dose Full-dose gu(li‘:;:;s‘:
Number of patients 135 67 68 - 33 102 -
Age - median (IQR) 76.7 (69.9-83.1) | 74.5 (68.2-80.7) | 78.8 (71.0-84.3) ns 82.4 (78.8-86.6) | 74.3 (67.7-80.8) <0.001
Male - no. (%) 73 (53.3) 38(56.7) 35 (51.5) ns 16 (48.5) 57 (55.9) ns
Myeloproliferative neoplasms
PV - no. (%) 59 (43.7) 31(46.3) 28 (41.2) ns 15 (45.5) 44 (43.1) ns
ET - no. (%) 52 (38.5) 25(37.3) 27 (39.7) ns 11 (33.3) 41 (40.2) ns
PreMF - no. (%) 1(0.7) 1(15) 0(0) ns 0(0) 1(1.0) ns
PMF - no. (%) 4(3.0) 2(3.0) 2(2.9) ns 0(0) 4(3.9) ns
Post-PV or ET MF - no. (%) 10 (7.4) 2(3.0) 8(11.8) ns 6(18.2) 4(3.9) 0.01
MPNu - no. (%) 9 (6.7) 6(9,0) 3(4.4) ns 1(3.0) 8(7.8) ns
Mutation
JAK2 117 (86.7) 59 (88.1) 58 (85.3) ns 27 (81.8) 90 (88.2) ns
CALR 10 (7.4) 4(6.0) 6(8.8) ns 3(9.1) 7(6.9) ns
MPL 3(2.2) 1(1.5) 2(29) ns 2(6.1) 1(1.0) ns
Triple negative 5(3.7) 3(4.5) 2(2.9) ns 1(3.0) 4(3.9) ns
MPN treatments
Hydroxyurea - no. (%) 73 (54.1) 41(61,2) 32 (47.1) ns 20 (60.6) 53 (52.0) ns
Pegylated interferon - no. (%) 11(8.1) 2(3,0) 9(13.2) 0.03 4 (12.1) 7(6.9) ns
Ruxolitinib - no. (%) 6(4.4) 3(4,5) 3(4.4) ns 2(6.1) 4(3.9) ns
Others - no. (%) 17 (12.6) 6(9,0) 11 (16.2) ns 5(15.2) 13 (12.7) ns
No drug - no. (%) 30 (22.2) 15 (22.4) 15 (22.1) ns 5(15.2) 25 (24.5) ns
Phlebotomy - no. (%) 12 (8.9) 8(11.9) 4 (5.9) ns 0(0) 12 (11.8) 0.04
High-risk of thrombosis - no. (%) 125 (92.6) 64 (95.5) 61 (89.7) ns 30(90.9) 95 (93.1) ns
Cardio-vascular risk factors
Atleast one - no. (%) 126 (93.3) 63 (94.0) 63 (92.6) ns 30 (90.9) 96 (94.1) ns
Age - no. (%) 119 (88.1) 60 (89.6) 59 (86.8) ns 29 (87.9) 90 (88.2) ns
High blood pressure - no. (%) 82 (60.7) 38(56.7) 44 (64.7) ns 23(69.7) 59 (57.8) ns
Hypercholesterolemia - no. (%) 46 (34.1) 23 (34.3) 23 (33.8) ns 12 (36.4) 34(33.3) ns
Diabetes - no. (%) 8(5.9) 5(7.5) 3(4.4) ns 1(3.0) 7 (6.9) ns
Current smoking - no. (%) 11 (8.1) 5(7.5) 6(8.8) ns 1(3.0) 10 (9.8) ns
Obesity - no. (%) 18 (13.3) 11 (16.4) 7(10.3) ns 4(12.1) 14 (13.7) ns
Complication history
Thrombosis - no. (%) 103 (76.3) 52(77.6) 51 (75.0) ns 22 (66.7) 81(79.4) ns
Hemorrhage - no. (%) 46 (34.1) 17 (25.4) 29 (42.6) 0.03 15 (45.4) 31 (30.4) ns
Antithrombotic drugs before DOAC initiation
LDA - no. (%) 61 (45.2) 28 (41.8) 33 (48.5) ns 21 (63.6) 40 (39.2) 0.01
VKA - no. (%) 27 (20.0) 12 (17.9) 15 (22.1) ns 5(15.2) 22 (21.6) ns
Associations or others - no. (%) 15 (11.1) 7 (10.4) 8(11.8) ns 2(6.1) 12 (11.6) ns
No antithrombotic drug - no. (%) 32(23.7) 20(29.9) 12 (17.6) ns 4(12.1) 28(27.5) ns
Timing of DOAC initiation
Before diagnosis - no. (%) 35(25.9) 21(31.3) 14 (20.6) ns 3(9.1) 32(31.4) 0.01
After diagnosis - no. (%) 100 (74.1) 46 (68.7) 54 (79.4) ns 30(90.9) 70 (68.6) 0.01
Reason for DOAC initiation
Atrial fibrillation - no. (%) 66 (48.9) 30 (44.8) 36 (52.9) ns 25 (75.8) 41 (40.2) <0.001
Venous thrombosis - no. (%) 63 (46.7) 36 (53.7) 27 (39.7) ns 7(21.2) 56 (54.9) 0.001
Arterial thrombosis - no. (%) 5(.7) 1(1.5) 4 (5.9) ns 1(3.0) 4(3.9) ns
Other - no. (%) 1(0.7) 0(0) 1(1.5) ns 0(0) 1(1.0) ns
660 LDA and DOAC association - no. (%) 17 (12.6) 4 (6.0) 13 (19.1) 0.02 5(15.2) 12 (11.8) ns

661

662  DOAC: direct oral anticoagulant; ET: essential thrombocythemia; IQR: interquartile range;
663  LDA: low-dose aspirin; NA: not applicable; no: number; ns : not significant; PMF: primary
664  myelofibrosis;, PreMF: prefibrotic myelofibrosis; PV: polycythemia vera; VKA: vitamin-K
665  antagonists.

666

667

668

669

670
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672
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674
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675  Table 2. Thrombotic and haemorrhagic events observed in MPN patients treated with DOACs.
676

EVascular events under DOAC treatment Cohort Rivar | Apixaban P V(SRAEI-XZ’;::?“ Low-dose Full-dose ;’uﬂ“_;‘;vs:s
Muber of patients 135 67 68 33 102
E'l;hr,ombotic events
Thromboses - no. of events / no. of patients (%) 30 /20 (14.8) 13/9(13.4) 17 /11 (16.2) ns 10/8(24.2) 20 /12 (11.8) ns
EIncidence rate of all events (% patient-years) 6.5 4.9 8.7 ns 11.9 5.0 0.06
E Igcidence rate of arterial events (% patient-years) 6.1 4.3 8.7 ns 11.9 4.5 0.04
Arterial thromboses - no. of events / no. of patients (%) 28 /19 (14.1) 12 /8(11.9) 16 /11 (16.2) ns 10 /8(24.2) 18 /11 (10.8) ns
E 8Zransient ischemic attack / stroke - no. of events / no. of patients (%) 13 /8(5.9) 6/3(4.5) 7/5(7.4) ns 3/2(6.1) 10/6(5.9) ns
E Uécute myocardial ischemia - no. of events / no. of patients (%) 4/4(3.0) 2/2(3.0) 2/2(2.9) ns 2/2(6.1) 2/2(2.0) ns
_ Peripheral limb arterial thrombosis - no. of events / no. of patients (%) 8/6(4.4) 2/2(3.0) 6/4(5.9) ns 4/4(12.1) 4/2(2.0) 0.03
E Others - no. of events / no. of patients (%) 3/3(2.2) 2/2(3.0) 1/1(15) ns 1/1(3.0) 2/2(2.0) ns
E IRdtlence rate of venous events (% patient-years) 0.6 0.5 0.7 ns 0 0.8 ns
Venous thromboembolisms - no. of events / no. of patients (%) 2/2(15) 1/1(1.5) 1/1(15) ns 0/0(0) 2/2(2.0) ns
E BBVP - no. of events / no. of patients (%) 1(0.7) 1(1.5) 0(0) ns - 1(1.0) ns
E _ PE +/-DVP - no. of events / no. of patients (%) 0 0(0) 0(0) = - 0(0)
E ~ Gerebral thrombosis - no. of events / no. of patients (%) 1(0.7) 0(0) 1(1.5) ns - 1(1.0) ns
Patients with arterial and venous events - no.(%) 1(0.7) 0(0) 1(1.5) ns 0 (0) 1(1.0) ns
@R orrhagic events
Patients - no. (%) 47 (34.8) 24 (35.8) 23(33.8) ns 5(15.2) 42 (41.2) 0.006
E I;?c‘fﬁence rate of all bleedings (% patient-years) 19.0 17.6 20.9 ns 8.8 22.1 0.04
E Incidence rate of major bleedings (% patient-years) 2.5 1.6 3.8 ns 1.4 2.8 ns
Lincidence rate of major and CRNM bleedings (% patient-years) 6.0 7.0 4.7 ns 1.4 7.4 ns
EMajor bleedings - no. of events / no. of patients (%) 16 /8(5.9) 8/3(4.5) 8/5(7.4) ns 2/1(3.0) 14 /7 (6.9) ns
E@a&r or CRNM bleedings - no. of events / no. of patients (%) 31/18(13.3) 19 /12 (17.9) 12 /6(8.8) ns 4/1(3.0) 27 /17 (16.7) ns
Localization of major or CRNM bleedings
E jﬁigestive - no. of events / no. of patients (%) 9/4(3.0) 7/2(3.0) 2/2(2.9) ns 1/1(3.0) 8/3(2.9) ns
E Ear-nose-throat - no. of events / no. of patients (%) 7/5(3.7) 4/3(4.5) 3/2(2.9) ns 2/1(3.0) 5/4(3.9) ns
E A Gerebral - no. of events / no. of patients (%) 5/4(3.0) 2/2(3.0) 3/2(2.9) ns 0/0(0) 5/4(39) ns
Muscular - no. of events / no. of patients (%) 3/3(2.2) 2/2(3.0) 1/1(15) ns 1/1(3.0) 2/2(2.0) ns
69 Frologic - no. of events / no. of patients (%) 3/1(0.7) 0/0(0) 3/1(15) ns 0/0(0) 3/1(1.0) ns
Cutaneous - no. of events / no. of patients (%) 2/2(15) 2/2(3.0) 0/0(0) ns 0/0(0) 2/2(2.0) ns
E 3®nec010gic - no. of events / no. of patients (%) 1/1(0.7) 1/1(1.5) 0/0(0) ns 0/0(0) 1/1(1.0) ns
@ Others - no. of events / no. of patients (%) 1/1(0.7) 1/1(1.5) 0/0(0) ns 0/0(0) 1/1(1.0) ns

700
701  CRNM: clinically relevant non-major;, DVT: deep vein thrombosis; no: number; ns: not
702  significant; PE: pulmonary embolism; VKA: vitamin-K antagonist.
703
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726  Table 3. Modifications of DOAC administration during the follow-up of MPN patients.

727
Modifications of DOAC treatment Cohort Rivaroxaban Apixaban p (Riva.roxaban Low-dose Full-dose P [Oayss
vs Apixaban) Full-dose)
Numbréfatients - no. (%) 135 67 68 33 102
At least one DOAC modification - no. of patients (%) 77 (57.0) 40 (59.7) 37 (54.4) ns 16 (48.5) 61 (59.8) ns
Changg RQAC for another one - no. of patients (%) 19 (14.1) 14 (20.9) 5(7.4) 0.02 4(12.1) 15 (14.7) ns
Hemorrhagic complication or risk - no. (%) 6(4.4) 6(9.0) 0 (0.0) 0.01 1(3.0) 5(4.9) ns
Artgfi@ 2irombosis - no. (%) 5(3.7) 4(6.0) 1(1.5) ns 2(6.1) 3(2.9) ns
Venous thrombosis - no. (%) 3(22) 2(3.0) 1(1.5) ns 0(0.0) 3(2.9) ns
Renl Tatlure - no. (%) 1(0.7) 1(15) 0(0.0) ns 0(0.0) 1(1.0) ns
Other reason - no. (%) 4(3.0) 1(1.5) 3(4.4) ns 1(3.0) 3(2.9) ns
Decregsg gf DOAC dose - no. of patients (%) 17 (12.6) 4 (6.0) 13 (19.1) 0.02 0 (0.0) 17 (16.7) 0.01
Hemorrhagic complication or risk - no. (%) 5(3.7) 1(1.5) 4(5.9) ns - 4(3.9 ns
Rendi3ure - no. (%) 5(3.7) 1(L5) 4(5.9) ns 5(4.9) ns
Other reason - no. (%) 7(5.2) 2(3.0) 5(7.4) ns - 5(4.9) ns
Increage, of DOAC dose - no. of patients (%) 2(1.5) 0(0.0) 2(2.9) ns 2(6.1) 0(0.0) 0.06
Arterial thrombosis - no. (%) 1(0.7) = 1(1.5) ns 1(3.0) - ns
Misfi3lata - no. (%) 1(0.7) - 1(1.5) ns 1(3.0) - ns
Temporary DOAC discontinuation - no. of patients (%) 54 (40.0) 29 (43.3) 25 (36.8) ns 14 (42.4) 40 (39.2) ns
Suréeg/\ér medical act with a bleeding risk - no. (%) 46 (85.2) 25(37.1) 21(30.9) ns 13 (19.1) 33 (32.6) ns
Hemorrhagic complication - no. (%) 2(3.7) 1(1.5) 1(1.5) ns 0(0) 2(2.0) ns
Ottrgrgenson - no. of patients (%) 11 (20.4) 5(7.5) 6(8.8) ns (4.4) 8(7.8) ns
Definitive DOAC discontinuation - no. of patients (%) 17 (12.6) 9(13.4) 8 (11.8) ns 2(6.1) 15 (14.7) ns
Her‘oéll'réagic complication or risk - no. (%) 5(3.7) 3(4.5) 2(2.9) ns 0 (0) 5(4.9) ns
Renal failure - no. (%) 2(15) 1(1.5) 1(1.5) ns 1(3.0) 1(1.0) ns
Other reason - no. (%) 10 (7.4) 5(7.5) 5(7.4) ns 1(3.0) 9(8.8) ns

746  AF: atrial fibrillation; DOAC: direct oral anticoagulant; no: number; ns: not significant; VTE:

747  venous thromboembolic event.
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777  Table 4. Thrombotic
778  discontinuation.
779

and haemorrhagic events observed in MPN

patients after

DOAC

Temporary discontinuation ion
Vascular events after DOAC discontinuation
Cohort Rivaroxaban i Low-dose | Full-dose Cohort Rivaroxaban Apixab Low-dose Full-dose
Numbegadpgtients - no. (%) 135 67 68 33 102 135 67 68 33 102
Thrombotic events after DOAC discontinuation
Patienfy-QuY%) 9(16.7) 4(6.0) 8(11.8) 1(3.0) 8(7.8) 1(0.7) 1(L5) 1(15) 0(0) 1(0.9)
Arterial thromboses - no. of patients (%) 4(7.4) 1(1.5) 3 (4.4) 1(3.0) 3(29) 1(0.7) 1(1.5) 0 (0) 0(0) 1(0.9)
Tra;igt?ﬁchemic attack / stroke - no. of patients (%) 2(3.7) 0(0) 2(2.9) 0(0) 2(2.0) 0(0) 0(0) 0(0) - 0(0)
Peripheral limb arterial thrombosis - no. of patients (%) 2(3.7) 1(15) 1(15) 1(3.0) 1(0.9) 1(0.7) 1(15) 0 (0) - 1(0.9)
Venous/tk8Aboembolisms - no. of patients (%) 5(9.3) 3 (45) 2(2.9) 0(0) 5(4.9) 0(0) 0(0) 0(0) 0(0) 0(0)
DVP - no. of patients (%) 2(3.7) 2(3.0) 0(0) - 1(0.9) - - - - -
PE /-89 no. of patients (%) 2(3.7) 0(15) 2(29) 3(29)
Abdominal venous thrombosis - no. of patients (%) 1(1.9) 1(15) 0(0) 1(0.9)
Antithllorﬂédc drug at the time of thrombosis
LDA - no. of patients (%) 2(37) 2(3.0) 0(0) 0(0) 2(2.0) 1(0.7) 0(0) 1(1.5) 1(0.9)
VKA . of patients (%) 0(0) 0(0) 0(0) 0(0) 0(0) 2(15) 2(3.0) 0(0) 0(0)
LWMH - no. of patients (%) 2(3.7) 0 (0) 2(29) 1(3.0) 1(0.9) 0 (0) 0(0) 0 (0) 0 (0)
VKA + LDA - no. of patients (%) 1(1.9) 0(0) 1(15) 0(0) 1(0.9) 0(0) 0(0) 0(0) 0(0)
LWMH + LDA - no. of patients (%) 0(0) 0 (0) 0(0) 0 (0) 0(0) 1(0.7) 1(15) 0 (0) 0 (0)
No drug - o. of patients (%) 4(7.4) 2(3.0) 2(2.9) 0(0) 4(3.9) 0 (0) 0 (0) 0 (0) 0 (0)
Hemorrhagic events after DOAC discontinuation
Patientsy04(%) 4(7.4) 2(3.0) 2(2.9) 1(3.0) 3(29) 5(3.7) 3(4.5) 2(2.9) 1(3.0) 5(3.9)
Major or CRNM bleedings - no. of patients (%) 4(7.4) 2(3.0) 2(2.9) 1(3.0) 3(29) 3(22) 2(3.0) 1(15) 1(3.0) 2(2.0)
Localizgtyryf major or CRNM bleedings
Digestive - no. of patients (%) 1(1.9) 1(1.5) 0(0) 1(3.0) 0(0) 0 (0) 0(0) 0 (0) 0(0) 0 (0)
CeréJr@Qo. of patients (%) 0(0) 0(0) 0(0) 0(0) 0(0) 1(0.7) 1(15) 0(0) 0(0) 1(0.9)
Muscular - no. of patients (%) 0(0) 0 (0) 0(0) 0 (0) 0(0) 1(0.7) 1(15) 0 (0) 0(0) 1(0.9)
Urologic - no. of patients (%) 1(1.9) 0(0) 1(15) 0(0) 1(0.9) 0(0) 0(0) 0(0) 0(0) 0(0)
Cutaneous - no. of patients (%) 1(1.9) 1(1.5) 0(0) 0 (0) 1(0.9) 0 (0) 0(0) 0 (0) 0(0) 0 (0)
Articufar - no. of patients (%) 1(1.9) 0(0) 1(15) 0(0) 1(0.9) 1(0.7) 0(0) 1(15) 1(3.0) 0(0)
Antithrombotic drug at the time of bleeding
LDA7 @ & patients (%) 2(3.7) 1(1.5) 1(15) 0(0) 2(2.0) 0(0) 0(0) 0(0) 0(0) 0(0)
Heparin - no. of patients (%) 1(1.9) 1(1.5) 0(0) 1(3.0) 0(0) 2(1.5) 1(1.5) 1(1.5) 1(3.0) 1(0.9)
No drug - no. of patients (%) 1(1.9) 0(0) 1(15) 0(0) 1(0.9) 1(0.7) 1(L5) 0 (0) 0(0) 1(0.9)

796

797  DOAC: direct oral anticoagulant; LDA:

798  heparin; no: number.
799

low-dose aspirin;, LWMH: low-weight molecular
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