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Vascular complications such as thromboembolic events (TEs) and
severe bleeding events (BEs) are the major causes of morbidity and
mortality in patients (pts) with Myeloproliferative Neoplasms
(MPNs).1 TEs are promoted by the hypercoagulable state in MPN,
caused by elevated blood counts, activation of platelets, leukocytes,
and endothelial cells, the presence of the JAK2V617F mutation, and
increased circulating procoagulant microparticles and the occurrence
of acquired activated protein C resistance. Disease‐associated
bleeding may occur via acquired von Willebrand syndrome, platelet
dysfunction, antiplatelet agents (APAs), and thrombocytopenia.2 In
addition, hemostasis can be disturbed by anticoagulation therapy,
acquired hemophilia,3 or complications such as liver dysfunction or
disseminated intravascular coagulopathies due to infection.2

Atrial fibrillation (AF) is the most common sustained arrhythmia, with
increasing prevalence with age.4,5 The incidence of AF has rarely been

studied in MPN, but was suggested to be higher compared to the general
population.6 The same study found that MPN pts with AF had a higher
frequency of cardiovascular risk factors (CVRFs) and thrombotic compli-
cations and a shorter thrombosis‐free survival than MPN pts without
AF.6 However, in a separate study comparing 63 pts with polycythemia
vera (PV) and AF to 124 control pts with AF only, no increased incidence
of thrombosis was found.7 Both studies found no increase in major
BE. However, none of the two studies reported the use and effects of
cytoreductive therapy (CRT) in their cohorts, a critical means to decrease
the risk of both initial and recurrent thrombosis in high‐risk MPN pts.

Therefore, we conducted this retrospective analysis of 2,780
MPN pts enrolled in the GSG‐MPN bioregistry, in order to identify
the characteristics of AF in MPN pts and to assess the benefit–risk
profile of antithrombotic therapies (ATTs) alone or in combination
with MPN‐specific CRT. The German Study Group MPN bioregistry
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(GSG‐MPN bioregistry) is an ambispective observational study of
MPN pts, with over 70 centers participating. Recruitment started in
August 2012, with a data cut‐off date of January 2020.

As in the general population,6 the median age of AF pts in our
MPN cohort was higher than those without AF (Supporting In-
formation S1: Table S3). The prevalence of AF in pts older than 80
years of age in our MPN cohort was higher than that in the general
population (18.2% [Supporting Information S1: Figure S1] vs. 8.8% in
the FRAMINGHAM study8).

Since the incidence and complication rate of MPN pts increase
with age and since CRT is recommended in an age‐adapted manner, we
performed a case–control analysis following a 1:1 pattern, with age as

a matching factor (Table 1, n = 134 with AF vs. n = 134 without AF).
Here, unlike in non‐age‐matched analyses (Supporting Information S1:
Table S3), which showed higher incidence of TEs and BEs in AF pts, no
significant difference in the prevalence of TEs and BEs was observed
after age‐matching. Also, the higher percentage of arterial TE in AF pts
was no longer observed after age‐matching, suggesting that all pts
(MPN pts as well as non‐MPN pts) develop a preponderance of arterial
over venousTE with increasing age, as has been described before.1,9,10

While cardiovascular comorbidities are reported to be risk factors for
the development of AF,8,11 in our age‐matched cohort, it was revealed
that AF pts had more cardiac comorbidities than non‐AF pts. In addition,
use of any type of ATT, including vitamin K antagonists (VKAs) and direct

(A) (D)

(B) (E)

(C) (F)

F IGURE 1 Analyses in the age‐matched cohort. (A) Age‐matched OS of pts with MPN (n = 134 each). (B) Age‐matched TE‐free survival (n = 134 each). (C) Age‐
matched bleeding event‐free survival (n = 134 each). (D) OS stratified by antithrombotic and cytoreductive therapy in MPN pts with AF with antithrombotic or

cytoreductive therapy, neither or both. Cox regression analyses: neither versus both (HR = 12.313; 95% CI 1.494–101.453, P = 0.020), antithrombotic therapies versus

both (HR = 0.778, 95% CI 0.182–3.335, P = 0.736), cytoreductive therapies versus both (HR = 4.665, 95% CI 1.289–16.880, P = 0.019). (E) TE‐free survival stratified by

antithrombotic and cytoreductive therapy in MPN pts with AF with antithrombotic or cytoreductive therapy, neither or both. Cox regression analyses: neither versus

both (HR = 0.000, 95% CI 0.000–NE, P = 0.993), antithrombotic therapies versus both (HR = 4.351, 95% CI 1.465–12.926, P = 0.008), cytoreductive therapies versus

both (HR = 0.000, 95% CI 0.000–NE, P = 0.982). (F) Bleeding‐free survival stratified by antithrombotic and cytoreductive therapy in MPN pts with AF with

antithrombotic or cytoreductive therapy, neither or both. Cox regression analyses: neither versus both (HR = 0.000, 95% CI 0.000–NE, P = 0.988), antithrombotic

therapies vs both (HR = 6.567, 95% CI 1.49–28.97, P = 0.013), cytoreductive therapies vs both (HR = 2.857, 95% CI 0.32–25.35, P = 0.346). NE, non‐estimable.
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oral anticoagulant (DOAC), was more prominent in AF pts. Conversely, a
higher percentage of non‐AF pts were treated with APA.

When analyzing the entire cohort of MPN pts without age‐
matching, our Kaplan–Meier survival analyses showed significantly
inferior OS in pts with coexisting AF (Supplemental Figure 4A). 5‐year
OS was 92% in pts without AF and 82% in pts with AF. When fo-
cusing on the time after diagnosis of MPN (as opposed to the lifetime
of a patient), the incidence of events in AF pts was higher only for BEs
but not for TEs when compared to non‐AF pts (Supporting Informa-
tion S1: Figure S4B,C). 10‐year BEFS was 97% in pts without AF and
89% in pts with AF. In current guidelines on the management of pts
with AF in the general population, anticoagulants are recommended
for pts with AF and an elevated CHA2DS2‐VASc score of ≥2 in men
or ≥3 in women.12 Thus, it is likely that the increased incidence of
cardiovascular comorbidities in our MPN pts with AF led to higher
CHA2DS2‐VASc scores and to a higher rate of prophylactic ATTs,
independently from the MPN management. The increased prevalence
of bleeding after but rarely before the MPN diagnosis in this group of
pts (Supporting Information S1: Figure 4C) may at least in part be
explained by this increase in ATTs, as described earlier.9 Importantly,
the fact that no difference in thromboembolic event‐free survival
(TEFS) was observed between our MPN pts with AF vs. those without
AF (Supporting Information S1: Figure 4B) suggests that management
of AF pts in our cohort successfully prevented excessTEs in these pts.
The definition of TEFS and bleeding event‐free survival (BEFS) is
provided in the methods section of the supplemental file.

We then performed survival analysis after age‐matching of the
cohort to reduce the influence of differences in the sample size and the
age difference between the pts with vs without AF. The inferior survival
outcomes were no longer observed in age‐matched analyses. The pre-
sence of AF did not have a significant overall influence on the OS, TEFS,
or BEFS in MPN pts (Figure 1A–C). We speculate that this was due to
the success of the combined use of ATTs and CRT in an aging MPN
population at high risk for TEs due to coexisting AF. The difference in
BEFS was no longer significant in age‐matched analysis, which may in-
dicate that management of anticoagulation has become better tolerated
during the past few years, possibly through the increased use of DOACs
instead of VKAs, also shown in more recent MPN cohort analyses.13,14

The importance of ATTs and CRTs was evident from our study,
particularly in pts with coexisting AF. OS was worse when AF pts
received neither of the therapies, or when they were treated only with
CRTs (Figure 1D). Compared to patients who received both therapies,
patients who received neither therapy or only CRTs had significantly
inferior OS (5‐year OS for neither: not obtainable, for only CRTs:
31.3%, for Both: 86.7%). These significant differences were observed
only in the AF group (P = 0.003). The result of the analysis of the non‐
AF group is shown in Supporting Information S1: Figure S5A.

An additional OS analysis was conducted using a 1:1 matched
data set with a larger number of matching factors, including age,
congestive heart failure, diabetes mellitus, arterial hypertension, ab-
normal renal function, and a history of thromboembolic and vascular
events. This analysis yielded a similar result as the matching analysis
using age alone (Supporting Information S1: Figure S9).

Similarly, the worst TEFS and BEFS was observed in pts with AF
who were treated only with ATT (Figure 1E,F) compared to pts
treated with combined therapy with ATT and CRT.

Through age‐matched OS, TEFS, and BEFS analyses, we ob-
served that MPN pts with AF treated with combined ATT and CRTs
have better prognoses than those with ATT or CRT alone. We would
like to emphasize that all age‐matched survival analyses stratified by
ATT and CRT were significant only in AF patients. In non‐AF patients,
OS, TEFS, and BEFS stratified by ATT and CRT showed no sig-
nificance, as shown in Supporting Information S1: Figure S5. OS,

TEFS, and BEFS analyses, separate for ATT and CRT, can be found in
Supporting Information S1: Figures S6–S8.

Our data demonstrate the beneficial effects of MPN‐specific CRT in
addition to ATT for the prevention of TEs and BEs in MPN pts with
coexisting AF. As outlined in current management guidelines for MPN,
the risks of thromboembolism and bleeding have to be carefully ba-
lanced.2,15 One of the limitations of our study is that the prevalence of
newly developed AF along with MPN over time could not be assessed in
our study. AF was recorded at the time of registration, and it is hence
unclear if the AF occurred before or after the MPN diagnosis. Moreover,
while we observed a higher prevalence of AF in the MPN population
compared to the non‐MPN population, due to the observational nature
of our study, we cannot prove a causal relationship, but can only suggest
this interesting association. Finally, whether the ATTs were discontinued
after the initiation of CRT was not consistently documented in this
study. In future studies, such data could enable more nuanced analyses
and offer deeper insights into the interplay between AF and MPN.

However, one of the strengths of our study is the large number
of pts and the inclusion of all major MPN subtypes. It adds significant
data on the management of AF in MPN pts, which are urgently
needed in the absence of controlled clinical trials on this topic.

In conclusion, our study provides evidence for beneficial effects
of CRT as additional treatment for MPN pts with coexisting AF, in-
cluding not only elderly pts older than 60 years of age but also
younger pts. Prospective studies are needed to validate these findings
and determine whether pts with different MPN subtypes need to be
managed differently.
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