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Direct oral anticoagulants for myeloproliferative neoplasms: results
from an international study on 442 patients
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data are available about treatment outcomes with vitamin-K
antagonists (VKAs) or direct oral anticoagulants (DOACs)
[2, 3]. On the other hand, VKAs partially prevent recurrent
venous thromboembolism (VTE), and the incidence of
either recurrent thrombosis and major bleeding is still
unacceptable high [4].
DOACs emerged as a treatment of choice for secondary
prevention of VTE and thrombosis prophylaxis in AF in the
general population, and may be an attractive alternative to
VKAs in MPN. However, evidence of their efﬁcacy and
safety in MPN is very limited and based on few retrospective observational studies [3, 5–7], and on scattered
information from controlled trials of DOACs versus VKAs.
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In the Philadelphia-negative myeloproliferative neoplasms
(MPN), the major burden of disease is the elevated risk of
thrombosis [1]. Moreover, MPN patients are concomitantly
prone to bleeding [1], making antithrombotic therapy
challenging. Regarding atrial ﬁbrillation (AF), very scarce
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On the other hand, randomized clinical trials comparing
DOACs to VKAs are hardly feasible in MPN, given their
rarity and low interest by the pharmaceutical companies.
Nonetheless, DOACs are increasingly being used in the
clinical practice of patients with MPN. Therefore, we considered useful to verify whether there were indications of
suspected excesses of risk or decreased efﬁcacy in the realworld practice in MPN.
We conducted an observational, multicenter, international study in 442 patients to estimate the incidence and
risk factors for thrombotic and bleeding complications in
MPN patients with AF and VTE treated with a DOAC in
real-world clinical practice. The MPN-DOACs study
(ClinicalTrials.gov: NCT04192916) is a European LeukemiaNet project conducted across 19 centers (16 European, 2
US, and 1 Canadian). Eligible patients were consecutive
adults (aged ≥18 years) with MPN recruited in the prepandemic SARS-CoV-2 infection and diagnosed from
January 1, 2005 to December 31, 2018 treated with any
DOAC (i.e., dabigatran, apixaban, rivaroxaban, edoxaban)
for (i) a concomitant diagnosis of AF or (ii) the occurrence
of a VTE. The decision concerning indication for and
duration of anticoagulant treatment with DOACs had been
independently established by the attending physician, given
the observational nature of the study. The primary outcome
was the occurence of any of the following: an arterial
thrombotic event, a venous thrombotic event or a major
bleeding event, as previously reported [4]. We included
MPN patients who were treated with a DOAC, either for
primary or secondary prophylaxis against systemic embolism, in the case of AF, or for prevention of recurrent VTE.
Written informed consent of participants was collected
whenever possible according to each Country’s regulation.
We calculated the annual incident rate (IR) of ﬁrst or
recurrent thrombosis, bleeding or death, and the cumulative
probability as a function of time using the Kaplan–Meier
method, comparing groups with the log-rank test. The
univariate analysis compared patients with or without
thrombosis or bleeding for meaningful covariates and then
selected the ones for multivariate analysis that showed a
difference with a p value < 0.05.
Characteristics of MPN patients with AF and VTE at the
start of treatment with a DOAC are provided in Table S1.
Compared to VTE patients, patients with AF were older
(15.8% >80 years), and were enriched in ET (91/203,
44.8%). At least one cardiovascular risk factor was present
in 70% of cases, particularly in AF (176/203, 86.7%)
compared with VTE patients (133/235, 56.6%) (p < 0.001).
No signiﬁcant difference in the driver mutation status
between the two groups was documented. History of
bleeding was present in 35 of 442 patients (7.9%) and was
reported in the same proportion of ET, PV, and MF, and
similarly in AF and VTE groups.
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DOACs were prescribed in 203 patients with AF (45.9%)
and 239 patients with VTE (54.1%) after a median interval
of 4.4 years (IQR: 0.4–9.6) since MPN diagnosis. DOAC
treatment details and the concomitant other drugs are
reported in Table S2. Cytoreduction was prescribed in 398
patients (90%), hydroxyurea and ruxolitinib being the most
frequent. In 60 patients (13.6%), DOACs were discontinued
after a median duration of 1.1 years (IQR: 0.4–2.2). Reason
for discontinuation is presented in Table S3.
In AF patients, after a follow-up of 1.7 years (IQR:
0.8–3.1), ten major thrombotic events were reported (2.1%
patients-year [pts-yr]), of which six occurred in 166 patients
(3.6%) with no history of previous thrombosis accounting
for an annual IR of 1.5% (Table 1). Five of these events
were arterial (TIA, MI) and one DVT. In 4 of 37 patients
(10.8%) who had a prior history of stroke/TIA (24/37, 65%)
and other arterial or venous episodes, the annual IR was
remarkably higher, accounting for 4.6% and signiﬁcantly
associated with previous arterial thrombosis (p = 0.026,
Table S4). Figure 1A illustrates the different cumulative
incidence of thrombosis in this latter group, which reached a
plateau after around 15 months of observation. No ischemic
stroke was recorded; the IR of TIA was 0.6% pts-yr in the
patients without previous thrombosis and 1.1% pts-yr in
those with previous thrombosis. Thus, the IR of ischemic
cerebrovascular events (ICVE), although derived from a
limited number of patients, compares favorably with the IR
of systemic embolism reported in non-MPN patients with
AF, where the IR of ICVE during primary prophylaxis with
VKAs or DOACs is 1.2–1.8% and 1.0–1.4% pts-yr,
respectively [8–11]. The IR of systemic embolism using
VKAs or DOACs after an ICVE is 2.7–3.2% pts-yr and
2.0–2.8% pts-yr, respectively [8–11]. However, the efﬁcacy
in preventing ICVE can be due to the concomitant use of
hydroxyurea (82%, Table S2), which has been reported to
be an independent protective factor for recurrence in MPN
patients with previous ICVE [12].
During the same observation period, among 239 patients
with VTE, 22 recurrent events (9.2%) were registered, of
which 17 occurred in venous and 5 in arterial districts, for
an IR of 4.5% pts-yr (Table 1). Among 158 patients with
venous thrombosis of the lower extremity, 16 recurrences
(annual IR 5.1%) occurred predominantly in the venous
districts, independently on whether they occurred formerly in lower extremity DVT (5.1% pts-yr) or splanchnic
vein thrombosis (3.2% pts-yr). Interestingly, this recurrence
rate is comparable to that found in our series of 206 MPN
patients with VTE and 181 MPN patients with SVT
receiving VKAs (IR 5.3% and 3.9% pts-yr, respectively)
[4, 13]. Figure 1A illustrates the cumulative incidence of
events over time. In univariate analysis of all VTE episodes
(Table S4), no impact was seen on recurrences by the initial
site of thrombosis (p = 0.76), type of DOAC (p = 0.55),
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Table 1 Incidence of thrombosis and major bleeding after DOAC initiation.
Indication

Thrombosis after DOAC start, n/N
(%) [type]

Incidence rate %
pt-yrs (95% CI)

Bleeding after DOAC
start, n/N (%) [type]

Incidence rate %
pt-yrs (95% CI)

Atrial ﬁbrillation, N = 203

10 (4.9%)
Arterial n = 7 (3.4%)
Venous n = 3 (1.5%)

2.1 (1.1–3.9)
1.5 (1.7–3.0)
0.6 (0.2–1.9)

14 (6.9%)

3.0 (1.8–5.0)

6 (3.6%)
[3 TIA, 2 AMI, 1 DVT]

1.5 (0.7–3.4)

14 (8.4%) [6 GI, 5
Muscle, 3 other]

3.0 (1.8–5.0)

4 (10.8%) [1 TIA, 1 AMI, 2 DVT]

4.6 (1.7–12.2)

– No previous thrombosis,
N = 166
– Previous thrombosis, N = 37

0 (0.0%)

0 (0.0–0.0)

–

–

• Other art thrombosis, N = 9 2 (22.2%) [1 AMI, 1 DVT]
(8 AMI; 1 PAT)

–

–

• Venous thrombosis, N = 4
(3 DVT +/− PE, 1 SVT)

–

–

12 (5.0%)

2.3 (1.3–4.1)

• Stroke/TIA, N = 24

Venous thromboembolism,
N = 239

2 (8.3%) [1 TIA, 1 DVT]

0 (0.0%)
22 (9.2%)
Arterial n = 5 (2.1%)
Venous n = 17 (7.1%)

4.5 (2.9–6.8)
1.0 (0.4–2.3)
3.4 (2.1–5.5)

– DVT of the lower extremitys
+/− PE, n = 158

16 (10.1%) [10 DVT +/− PE, 1 portal 5.1 (3.1–8.3)
vein, 1 cerebral vein, 1 AMI, 1 stroke,
1 other]

9 (5.7%) [5 GI, 2
2.7 (1.4–5.2)
muscle, 1 CNS, 1 other]

– Splanchnic vein thrombosis,
n = 51

4 (7.8%) [1 portal vein, 1 TIA, 1 PAT, 3.2 (1.2–8.6)
1 mesenteric artery]

1 (2.0%) [GI]

0.8 (0.1–5.5)

– Cerebral vein thrombosis,
n = 13

1 (7.7%) [1 mesenteric vein]

0 (0.0%)

–

– Other vein thrombosis,
n = 17a

1 (5.9%) [1 cerebral vein]

2 (11.8%) [2
Menorrhagia]

6.5 (1.6–26.2)

AMI acute myocardial infarction, TIA transient ischemic attack, PAT peripheral arterial thrombosis, art arterial, DVT deep vein thrombosis, PE
pulmonary embolism, GI gastrointestinal, CNS central nervous system.
a

Upper extremity DVT, N = 10; superﬁcial vein thrombosis, N = 7.

We highlighted in bold the ﬁrst row of either AF and VTE patients to underline the overall estimates of the categories (all other rows present
estimates of subgroups).

and MPN phenotype (p = 0.67). On the contrary, signiﬁcant
risk factors were previous arterial thrombosis (p = 0.047),
hypertension (p = 0.017), and diabetes (p = 0.035). However, none of these risk factors retained signiﬁcance in
multivariate analysis after correction for age and sex.
Almost all patients were receiving cytoreductive drugs
(Table S2) so that we were unable to conﬁrm the conclusion
of a recent meta-analysis [14] that the risk of recurrence
after VTE in MPN was lowest for patients receiving oral
anticoagulation plus cytoreduction. Therefore, studies in
this setting are urgently needed considering that the IR of
recurrent VTE in the present series of MPN patients
receiving a DOAC is twice as high as in non-MPN patients
treated with DOACs for more than 3 months after the acute
VTE event (3.4% versus 1.5% pts-yr, respectively) [15].
In total, 26 major hemorrhagic events (14 in AF and 12
in VTE) were diagnosed, primarily in the gastrontestinal
tract, accounting for an annual rate of 3% and 2.3% in AF
and VTE, respectively (Table 1). In univariate analysis, the
proportion of MF patients who bled was signiﬁcantly higher
than the other MPN phenotypes (Table S5). Among the four
DOACs, dabigatran was more frequently associated with

bleeding than the other three (7/26, 27% vs. 43/416, 10%,
p = 0.010). Notably, patients who bled were more frequently affected by MF (p = 0.005). In a multivariate analysis that included the correction for age, sex, AF, or VTE
indication, both MF diagnosis (HR = 3.6, 95% CI: 1.6–8.2,
p = 0.002) and dabigatran use (HR = 3.8, 95% CI: 1.5–9.7,
p = 0.005) retained statistical signiﬁcance. Figure 1B, C
illustrates the cumulative incidence of these events during
the observation.
Overall, 39 deaths were registered (8.8%) for an IR of
3.8% pts-yr (95% CI: 2.8–5.3), with no difference between
patients with AF or VTE (p = 0.98). Causes of death are
reported in Table S6.
In conclusion, we acknowledge the intrinsic limitations
of our investigation, due to its retrospective design, and a
selection bias of patients treated with DOACs cannot be
excluded. However, the strength is the relatively large
number of patients in a rare condition and its generalizability, given that these patients were followed-up in
multiple international healthcare settings. Moreover, the
distribution of patients receiving these drugs was wellbalanced among the MPN phenotypes allowing a
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Fig. 1 Cumulative incidence of
thrombosis and bleeding.
Kaplan–Meier cumulative
incidence of (A) thrombosis by
indication for the treatment
with DOAC and previous
thrombosis; (B) bleeding
by MPN phenotype and
(C) bleeding by DOAC drug.
p values calculated by the
log-rank test.
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A

p=0.0394

B

p=0.0159

C

p=0.0113

comparison of DOACs efﬁcacy and risk. Overall, DOACs
and VKAs seem to have a substantially similar risk–beneﬁt
proﬁle for the prophylaxis of VTE in MPN. The favorable

efﬁcacy in preventing ICVE in AF may be confounded by
the use of hydroxyurea. We highlight the signiﬁcant
bleeding tendency in PMF and in association with
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dabigatran. Thus, DOACs could represent a possible alternative to VKAs for antithrombotic prophylaxis given the
advantage in ease of administration and improved patient
convenience.
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