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1 | INTRODUCTION

Abstract

In patients with bcr-abl-negative myeloproliferative neoplasms (MPN), concerns are
often raised about the use of anticoagulants because of an increased bleeding risk.
However, there are few MPN studies focusing on bleeding. To investigate bleeding
complications in MPN, we report our retrospective, single-center study of 829 pa-
tients with a median follow-up of 5.5 years (range: 0.1-35.6). A first bleeding event
occurred in 143 of 829 patients (17.2%), corresponding to an incidence rate of 2.29%
per patient/year. During the follow-up period, one out of 829 patients (0.1%) died due
to bleeding. Regarding anticoagulation, most bleeding occurred in patients on anti-
platelet therapies (60.1%), followed by patients on anticoagulation therapies (20.3%)
and patients not on anticoagulation (19.6%). In multivariate analysis, administration of
antiplatelet (HR 2.31 [1.43, 3.71]) and anticoagulation therapies (HR 4.06 [2.32, 7.09]),
but not age, gender or mutation status, was associated with an increased bleeding risk.
Comparing the “probability of bleeding-free survival”’ between the MPN subtypes, no
significant difference was observed (p = 0.91, log-rank test). Our retrospective study
shows that antiplatelet and anticoagulation therapies significantly increase the risk of
bleeding in MPN patients without affecting mortality. However, there is no reason to

refrain from guideline-conform primary or secondary anticoagulation in MPN patients.
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hematopoietic stem cells. They are associated with an increased

risk of thromboembolic events, which is known to be a major con-

Bcr-abl-negative myeloproliferative neoplasms (MPN), including tributor to higher morbidity and mortality compared to the healthy
polycythemia vera (PV), essential thrombocythemia (ET) and pri- population. On the other hand, MPN patients are also at increased
mary or secondary myelofibrosis (MF), are clonal disorders of risk of bleeding, probably due to disease-related complications® or

Kai Wille and Karlo Huenerbein contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. European Journal of Haematology published by John Wiley & Sons Ltd.

Eur J Haematol. 2021;00:1-9.

wileyonlinelibrary.com/journal/ejh 1


www.wileyonlinelibrary.com/journal/ejh
mailto:﻿
https://orcid.org/0000-0002-7682-8563
http://creativecommons.org/licenses/by-nc/4.0/
mailto:kai.wille@muehlenkreiskliniken.de
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fejh.13721&domain=pdf&date_stamp=2021-11-10

WILLE €T AL.

ﬂ—W] L E Y-Haematology

to antiplatelet and anticoagulation therapies which are frequently
administered.?®

With reference to the literature, in a retrospective multicenter
study including 891 patients with ET and 180 patients with prefibrotic
myelofibrosis (pre-MF), Finazzi et al.* observed a significantly increased
incidence of major bleeding events in pre-MF patients (1.39% per pts/
year) compared to ET (0.79% per pts/year). Independent predictors of
bleeding in a multivariate analysis included acetylsalicylic acid (ASA)
use and a diagnosis of pre-MF. In 2019, Rungjirajittranon et al’ pub-
lished a large meta-analysis with over 13 000 MPN patients from 29
cohort studies. The pooled prevalence of bleeding complications at the
time of MPN diagnosis was 6.2%, but data on bleeding in the further
MPN course were not analyzed. In 2020, in a retrospective multicenter
study of 442 MPN patients treated with direct oral anticoagulants
(DOACsS), Barbui et al.® observed an incidence of major bleeding events
of 3.0% per patient/year in patients with atrial fibrillation and of 2.3%
per patient/year in patients with venous thromboembolism. Of note,
bleeding occurred significantly more often in MF patients, but bleeding
under anticoagulants other than DOACs or under antiplatelet agents
was not studied. Recently, Nicol et al.” reported an incidence for all
bleeding events ranging from 0.1 to 6.6% and for major bleeding from
0.3 to 5.3% per patient/year in a comprehensive literature review that
included 38 studies involving over 10 000 ET and over 5000 PV pa-
tients. A total of 39 different potential risk factors for hemorrhage were
identified (including age, gender, MPN diagnosis, mutation status and
anticoagulation therapies), but no data were presented for MF patients.

However, there are currently only a limited number of studies
that include all MPN subtypes, analyze all bleeding events at the time
of MPN diagnosis as well as in the further course of the disease and
consider antiplatelet and anticoagulation treatments. In 2015, Kander
et al.® observed 64 major and minor bleedings after a median time of
two years after MPN diagnosis in a retrospective single-center study
including 351 MPN patients. An increased risk of bleeding from an-
tiplatelet therapy was not observed; however, DOACs were not ad-
ministered in this trial. Kaifie et al.” conducted another retrospective
multicenter study with 455 MPN patients in 2016. With regard to major
bleeding events (n = 36), no association was found between ASA, vita-
min K antagonists (VKA) or DOAC treatment and an increased risk of
bleeding, but data on minor bleeding were not recorded in this analysis.

To provide further data on the frequency, risk factors and types
of all bleeding complications at the time of MPN diagnosis and
during the course of the disease, we report on our retrospective,
single-center study of 829 MPN patients receiving various antiplate-

let and anticoagulation therapies.

2 | PATIENTS AND METHODS

Clinical data of all MPN patients who presented regularly at our uni-
versity hospital were collected from June 2007 to April 2021 (time
of last data cut off April 1st, 2021). MPNs were diagnosed accord-
ing to the WHO 2016 criteria.’® The main objective of this non-
interventional, retrospective, single-center study was to investigate

the frequency, risk factors and types of bleeding events before, at the
time of and during clinical follow-up of MPN patients in a “real-world”
setting. The data were collected in an electronic system. The institu-
tional review board of our center approved the study. Briefly, the fol-
lowing information was collected for each patient: demographic data,
mutation profile, method of objective diagnosis, history of bleeding
complications and transformation. Follow-up time was defined as the
time from MPN diagnosis to first bleeding event, death or the last visit
to our center, whichever came first. A total of 829 MPN patients with
at least two visits at our center were enrolled in our study.

In a next step, we identified those patients who had experienced
at least one MPN-associated bleeding complication (identified in the
medical record or by history). In line with previous studies, we de-
fined a MPN-associated bleeding complication if it occurred within a
period of 3 months before MPN diagnosis or afterwards. 2?1412 If 3
bleeding event occurred within 3 months before MPN diagnosis, the
date of MPN diagnosis was equated with the date of bleeding compli-
cation. The diagnosis of hemorrhage was accepted only if confirmed
by clinical examination or a positive result using techniques such as
ultrasonography, CT or NMR. Furthermore, bleeding details such as
locations, total number and time of diagnosis, recurrences and treat-
ments were recorded. Finally, data on cytoreductive, antiplatelet
or anticoagulation treatment and the duration of these treatments
were recorded. Cytoreductive MPN treatment was defined as the
use of hydroxyurea, busulfan, anagrelide, interferon alpha and/or
ruxolitinib. Antiplatelet therapies were defined as the use of acetyl-
salicylic acid (ASA), P2Y-antagonists (clopidogrel, ticagrelor) or dual
antiplatelet therapy (DAPT) and anticoagulation therapies as the use
of vitamin K antagonists (VKA), direct oral anticoagulants (DOAC),
or low-molecular weight heparin (LMWH).

The severity of bleeding complications was defined accord-
ing to the criteria of the International Society on Thrombosis and
Hemostasis.*® According to these criteria and to criteria used in

other studies,»>**

we considered bleeding greater than II° (e.g.,
transfusion-dependent anemia, central nervous system involve-
ment, retroperitoneal hemorrhage or other life-threatening bleed-
ing) as a “major” bleeding event.

Acquired von Willebrand disease (AvWD) was defined by risto-
cetin cofactor activity and/or von Willebrand (vW) antigen below
the laboratory reference range for blood type (<40% for blood group
0 or <53% for non-blood group 0) and for type 2 VWD, based on
discrepancy between the vW ristocetin activity to antigen ratio (typ-
ically a ratio close to 0.5 or less) and/or the availability of vW multi-
mer analysis.»®!> According to these criteria, 51 MPN patients were
diagnosed with AvWD. In 31/51 (60.8%), a date of AvWD diagnosis
was available. The exact number of patients in our cohort who were
tested for AVWD is not known.

2.1 | Statistical methods

For continuous variables, the median and range were provided. The
annual incidence of bleedings was calculated by dividing the number
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of events by the total number of patient/years. Differences in the
proportions were estimated using Fisher’s exact test, Chi-square
test, Mann-Whitney U-test or log-rank test (Mantel-Haenszel test).
Kaplan-Meier plots were used to compare bleeding-free survival be-
tween therapies, and pairwise comparisons are done using log-rank
tests with correction for multiple testing by Holm.

The Cox regression model was used to account for the effects of
multiple variables on bleeding. For all analyses, the significance level

was set to « = 0.05.

3 | RESULTS

Overall, 829 MPN patients were included with a higher proportion
of women (60.8%). The median age at MPN diagnosis was 50.9 years
(range: 11.0-88.9). Different MPN subtypes were polycythemia
vera (PV), n = 279 (33.7%), essential thrombocythemia (ET), n = 266
(32.1%), myelofibrosis (MF) including primary and secondary my-
elofibrosis, n = 168 (20.3%), prefibrotic myelofibrosis (pre-MF),
n = 93 (11.2%) and MPN unclassifiable (uUMPN), n = 23 (2.8%). All
MPN unclassifiable patients were diagnosed by bone marrow bi-
opsy. The mutation status was distributed as follows: JAK2 muta-
tion, 571 (68.9%), CALR mutation, 120 (14.5%), MPL mutation, 20
(2.4%), “triple negative,” 43 (5.2%) and unknown 75 (9.0%). During
the median follow-up of 5.5 years (range: 0.0-35.6), 143 out of
829 MPN patients (17.2%) experienced a first MPN-associated

TABLE 1 Overview of the demographic
data and clinical characteristics of the

143 MPN patients with a first bleeding
event

Male/female; n (%)

Median age at first bleeding event; years (range)

Haématology

bleeding complication. The overall incidence rate for a first bleed
was 2.29% per patient/year. With regard to MPN subtypes, this in-
cidence rate was 2.16% per patient/year for PV patients (n = 279),
2.21% per patient/year for ET patients (n = 266), 2.41% per patient/
year for primary or secondary MF patients (n = 168) and 3.17% per
patient/year for pre-MF patients (n = 93). As far as major bleeding
events are concerned, a total of 47/143 (32.9%) first bleeding events
were classified as major. This corresponds to a major bleeding rate of
5.7% (47/829) in the whole group of 829 MPN patients The overall
incidence rate for major bleeding was 0.75% per patient/year, with
n = 14 major bleedings in PV patients (incidence: 0.61% per patient/
year), n = 16 major bleedings in ET patients (0.74% per patient/year),
n = 14 major bleedings in primary or secondary MF (1.09% per pa-
tient/year) and one major bleeding in pre-MF (0.26% per patient/
year). Two major bleedings (2/23, 8.7%) were observed in patients
diagnosed with MPN unclassifiable. Among the 143 MPN patients
with a first bleeding complication (minor or major), the median age
at the time of the event was 54.8 years (range: 22.6-83.6). The me-
dian time between MPN diagnosis and the first bleeding event was
4.1 years (range: 0.1-27.6 years).

The clinical parameters of the 143 MPN patients with a first
bleeding event are summarized in Table 1. Most patients were fe-
male (n = 95, 66.4%) and were diagnosed at the time of the bleed-
ing event with PV (n = 50, 35.0%), followed by ET (nh = 48, 33.6%),
primary or secondary MF (n = 31, 21.7%), prefibrotic myelofibrosis
(n=12, 8.4%) and MPN unclassifiable (n = 2, 1.4%). The JAK2 V617F

48/95 (33.6/66.4)
54.8(22.6-83.6)

Median time from MPN diagnosis to first bleeding event; years (range) 4.1 (0.1-27.6)
MPN diagnosis at first bleeding event
Polycythemia vera; n (%) 50 (35.0)
Essential thrombocythemia; n (%) 48 (33.6)
Primary or secondary myelofibrosis (MF); n (%) 31(21.7)
Prefibrotic myelofibrosis (pre-MF); n (%) 12 (8.4)
MPN unclassifiable; n (%) 2(1.4)
Driver mutations at MPN diagnosis
JAK2; n (%) 102 (71.3)
CALR; n (%) 23 (16.1)
MPL; n (%) 2(1.4)
“triple negative"; n (%) 10 (7.0)
Unknown; n (%) 6(4.2)
Pts® with acquired von Willebrand disease (AvWD) at time of bleeding 11 (7.7)
event, n (%)
Pts? with cytoreductive therapy® at time of bleeding event, n (%) 61(42.7)
Median platelet count at time of bleeding event, G/| (range)® 455 (10-2096)
Median leucocyte count at time of bleeding event, G/I (range)® 9.0(0.8-36.4)

@Pts = patients.

bCytoreductive therapies: hydroxyurea (n = 26), anagrelide (n = 6), interferon (n = 4), ruxolitinib

(n = 23), others (n = 2).

“Available in 86 patients.
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mutation was the most common driver mutation detected in most
bleeding patients (n = 102, 71.3%) followed by the CALR mutation in
n =23 patients (16.1%) and the MPL mutation in n = 2 patients (1.4%).
In n = 10 patients (9.1%) none of these three main driver mutations
(“triple negative”) was detected, and in six patients the mutation sta-
tus was unknown. At the time of the first bleeding event, 42.7% of
bleeding MPN patients (61/143) were on cytoreductive treatment.
Looking at the blood count at the time of bleeding event, the median
platelet count (available in 86 patients) was 455 G/I (range 10-2096)
and the median leucocyte count 9.0 G/I (range 0.8-36.4).

According to the above criteria, 51 (6.2%) patients were diag-
nosed with an acquired von Willebrand disease (AvWD). The me-
dian time between the diagnosis of an AvWD and MPN diagnosis
was 1.3 years (range: 1.4 years before MPN diagnosis to 17.1 years
after MPN diagnosis). Acquired von Willebrand disease (AvWD)
was diagnosed in n = 11 (7.7%) of patients with bleeding events. In
6/11 patients (54.5%), AvWD was diagnosed at the same time as the
bleeding event, and in five patients, AYWD was diagnosed before
bleeding. Four patients with AvWD (36.4%) were receiving cytore-
ductive therapy at the time of AvWD diagnosis. Regarding MPN risk
classifications, 8/11 (72.7%) patients with an AVWD (two PV pa-
tients, five ET patients and one MF patient, respectively) were clas-
sified as “low risk” (n = 7 according to ELN® and n = 1 according to
International Prognostic Scoring System (IPSS)Y). Only one patient
with ET was classified as “high risk” according to ELN.

In a next step, an analysis was performed that considered the
“probability of bleeding-free survival” focusing on the MPN sub-
types entities of all 829 with 143 bleeding events. In this analysis,
the difference in “probability of bleeding-free survival” between the
patients diagnosed with PV, ET, primary or secondary myelofibrosis
(MF), prefibrotic MF (pre-F) and MPN unclassifiable (uUMPN) was not
statistically different in the log-rank test (p = 0.91, Figure 1).

The localizations of 143 bleeding events and the correspond-
ing classification into minor (n = 96, 67.1%) or major (n = 47, 32.9%)
events are summarized in Table 2. Overall, most bleeding was mu-
cocutaneous bleeding (n = 56, 39.2%), followed by postoperative
bleeding (n = 21, 14.7%), epistaxis (n = 22, 15.4%) and gastroin-
testinal bleeding (n = 17, 11.9%). Considering only major bleeding,
gastrointestinal bleeding (n = 17, 36.2%) was the most common, fol-
lowed by postoperative bleeding (n = 13, 27.7%) and CNS bleeding
(n =3, 6.4%). The most common minor bleeds were mucocutaneous
bleeding (n = 52, 54.2%), epistaxis (n = 21, 21.9%) and postoperative
bleeding (n = 8, 8.3%). One patient died during the follow-up period
as a result of a spontaneous retroperitoneal hematoma.

When considering different anticoagulation therapies, 438 of
829 patients (52.8%) received antiplatelet therapy during the fol-
low-up period. Anticoagulants were given to 93 patients (11.2%),
and in 298 (36.0%) patients neither anticoagulants nor antiplate-
let therapy was used. The bleeding-free survival time for patients

receiving antiplatelet drugs was 5.0 years (range 0.1-33.1), for

Diagnosis: =+ ET =+ MF =+ pre-MF =+ PV =+ uMPN
1.001
0.751
2
5
©
Q
o
a 0.501
5
2
c
55) FIGURE 1 “Probability of bleeding-free
Log-rank — survival” according to MPN subgroup: The
0.251 B cumulative “probability of bleeding-free
p=0.91 survival” in 829 MPN patients according
to subgroup with n = 279 PV patients
(blue curve; n = 50 bleeding events),
0.00 n = 266 ET patients (red curve; n =48
0 10 20 30 20 bleeding events), n = 168 primary or
Time in years secondary MF patients (olive green curve;
. n = 31 bleeding events), n = 93 pre-MF
Number at risk (number of events) . & ) pre-
patients (green curve; n = 12 bleeding
i fgg Eg; 2(1] Egé; ﬁ gz; g g?; g g?; events) and n = 23 MPN unclassifiable
(72} _— . . _ .
S o3 ©) 11 (1) 0(12) 0 (12) 0 (12) patients (purple.cu.rve, n = 2 t.)leedmg
8’ = | 279 (0) 92 (33) 18 (45) 2 (50) 0 (50) events). No statlstlcally 5|gn|f|cant
0O == |23(0) 2(2) 0(2) 0(2) 0(2) difference could be found with the log-
0 10 20 30 40 rank test (p = 0.91)

Time in years



WILLE ET AL.

A
Haematology

TABLE 2 Localization of first bleeding events (n = 143) with n = 96 minor and n = 47 major events

Minor bleeding events

Major bleeding

Bleeding events (n = 143) (n=96) events (n = 47)
Localization n (%)
Mucocutaneous bleedings 56 (39.2) 52 (54.2) 4 (8.5)
Postoperative bleeding 22 (15.4) 21(21.9) 1(2.1)
Epistaxis 21 (14.7) 8(8.3) 13 (27.7)
Gastrointestinal bleeding excluding esophageal variceal 17 (11.9) - 17 (36.2)
bleeding
Other bleedings® 13(9.1) 7(7.3) 6(12.8)
Menorrhagia 8(5.6) 8(8.3) -
CNS bleeding 3(2.1) - 3(6.4)
Esophageal variceal bleeding 3(2.1) - 3(6.4)

Major bleedings: intraoperative rupture of spleen (n = 1), macrohematuria (n = 1), spontaneous bleeding into musculus ileopsoas (n = 1), subcapsular
intrasplenic hemorrhage (n = 1), bleeding of a corpus luteum cyst (n = 1), gastrointestinal bleeding of unknown localisation (n = 1) minor bleedings:
hemorrhagic cystitis (n = 1), hemorrhoidal bleeding (n = 1), hemarthros of the knee (n = 1), vitreous bleeding (n = 1), gingival bleeding (n = 2),

intraabdominal bleeding after TIPSS (n = 1)

patients receiving anticoagulants 4.7 years (0.1-23.9) and for the pa-
tients without any anticoagulation 6.2 years (0.1-35.6), respectively
(Figure 2).

In terms of anticoagulation at the time of the 143 bleeding events,
most bleeding occurred in patients on antiplatelet therapy (86/143,
60.1%), followed by patients on anticoagulants (n = 29, 20.3%) and
patients with no anticoagulation at all (n = 28, 19.6%). ASA alone was
used at the time of bleeding in 80/86 (93.0%) patients with antiplate-
let therapy. Five patients were treated with P2Yantagonists due to
ASA intolerance. In addition, one patient was treated with dual anti-
platelet therapy (DAPT). Major bleeding occurred in 27/86 patients
(31.4%) on antiplatelet therapy (three of them using P2Y antagonists;
one patient received ASA in combination with low molecular weight
heparin (LMWH)). It is noteworthy that 9/17 major gastrointestinal
bleeding occurred with ASA and 2/17 with P2Y antagonists. One out
of three esophageal variceal bleeds was observed under ASA.

VKAs were administered in 12/29 (41.4%) patients with anti-
coagulation therapy and bleeding, another ten patients (34.5%) re-
ceived DOACs, and LMWHSs were used in seven (24.1%). Of these
29 patients on anticoagulation therapy, eight (27.6%) experienced
a major bleeding event (n = 4 with VKA and n = 4 with LMWH).
No major bleeding occurred with the use of DOACs. Six out of 29
bleeding patients (20.7%) on anticoagulation therapy (VKA: n = 2;
DOAC: n = 2; LMWH: n = 2) also received ASA. Out of the eight
major bleeds observed during anticoagulation therapy, two (25%)
occurred with the additional use of ASA.

For all 829 patients with 143 first bleeding events, an analysis of
the “probability of bleeding-free survival” was performed depend-
ing on the use of antiplatelet or anticoagulation therapies (Figure 2).
Difference between the three treatment groups was statistically
different in the log-rank test (p < 0.0001). The pairwise comparison
of the three curves shows significance at the a = 0.05 level for an-
ticoagulation therapies versus no anticoagulation and for anticoag-
ulation therapies versus antiplatelet therapies. The curves without

anticoagulation and with antiplatelet drugs were not significantly
different.

In addition, an analysis was performed only for the 47 major
bleeding events in 829 patients as a function of anticoagulation,
considering the “probability of bleeding-free survival” (Figure 3).
However, there was no statistical difference between these three
groups in the log-rank test (p = 0.061).

To analyze further covariates that might influence the risk of
bleeding in the 829 patients, we performed multivariate Cox re-
gression with the variables age at MPN diagnosis, gender, MPN di-
agnosis, mutation status (presence of JAK-, MPL-, CALR-mutation,
or “triple negative,” respectively) and administration of antiplate-
let or anticoagulation therapies. When performing Cox regression
with these covariates, the proportionality assumption is violated.
To solve this problem, the variable MPN diagnosis was used for
stratification. In the analysis, 75 patients were excluded because
no information on mutation status was available and the model
was only applied to 774 patients. The estimated hazard ratios for
the covariates are taken from Table 3. Overall, the model proved
to be significant, i.e., the covariates were suitable to explain the
dependent variable (p = 0.00008). To estimate the impact of the
CALR mutation on the bleeding risk, this variable was considered
as the reference category and the other mutation types (JAK2,
MPL or “triple-negative”) were compared to it. According to this
analysis, only the use of antiplatelet drugs (HR 2.31) and the use
of anticoagulation therapies (HR 4.06) were significant risk factors
for bleeding.

In addition, another Cox regression was performed with the
same variables, focusing on the n = 47 major bleeding events in 774
patients. Again, the use of antiplatelet therapies (HR 2.53) and the
use of anticoagulation therapies (HR 4.34) were the only significant
risk factors.

The next step was to compare various clinical and laboratory pa-
rameters between the MPN patients with a severe (n = 47), a mild
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Therapy: =+ None =+ Antiplatelet =+ Anticoagulation FIGURE 2 “Probability of bleeding-free
survival” according to anticoagulation

1.00- use: The cumulative “probability of the
bleeding-free survival” in 829 MPN with
143 first bleeding events according to
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(n = 96) or no bleeding event (n = 686) (summarized in Table 4). The
only significant difference was found in relation to the variable gen-
der (p = 0.011). This may be explained by the fact that the gender
ratio is balanced in patients with major bleedings, whereas in pa-
tients with minor bleedings and in patients without bleeding compli-
cations, the proportion of women is predominant.

4 | DISCUSSION

In MPN patients, thromboembolic complications are a major cause of
increased morbidity and mortality, leading to the frequent use of an-
tiplatelet and anticoagulant drugs as primary and secondary prophy-

laxis. On the other hand, MPN patients are also prone to bleeding.

TABLE 3 Hazard ratios from multivariate Cox regression
of 774 MPN patients (with a known mutation status) with
the variables age at MPN diagnosis, gender, administration of
antiplatelet or anticoagulation therapies and mutation status

Multivariate Cox regression

Variable HR [95% ClI]

Age at MPN diagnosis 1.01[0.99,1.02]
0.86[0.59, 1.25]
2.31[1.43,3.71]
4,06 [2.32,7.09]
0.89[0.53, 1.48]
0.46[0.11, 1.98]

1.39 [0.64, 3.01]

Gender

Administration of antiplatelet drugs
Administration of anticoagulation therapy
Presence of JAK2

Presence of MPL

“Triple negative” mutational status

Note: The 95% confidence intervals for the estimators are given

in parentheses. Administration of antiplatelet drugs (HR 2.31) and
administration of anticoagulation therapy were statistically significant
(HR 4.06).

*Statistically significant.

A
Haematology

Therefore, the potential for severe bleeding complications leading
to premature discontinuation of anticoagulation is a concern. This
in turn is associated with a significantly increased risk of recurrence
of thromboembolism.'*'81? To date, many studies in MPN have fo-
cused only on bleeding events occurring concurrently with MPN

diagnosis.®> Other papers report only major bleeding events,**2°

3,4,19,20

or

only bleeding in certain MPN subtypes
6,18

or bleeding with the
use of certain anticoagulants.

Nicol et al.” identified 39 potential risk factors for bleeding
events in their extensive literature review, which included over
15 000 patients with essential thrombocythemia (ET) and polycy-
themia vera (PV). Remarkably, only 37 fatal hemorrhages were re-
corded. Numerous studies on acetylsalicylic acid (ASA)/antiplatelet
therapies and bleeding events in PV and ET patients were included
in this review, although the data appeared contradictory to the au-
thors. There were significantly fewer studies on vitamin K antago-
nists (VKA) and almost no data on anticoagulation with direct oral
anticoagulants (DOACs). However, data on patients with myelofibro-
sis were not included in this review.

Remarkably, the only prospective study on this topic, the ECLAP
study, found more bleeding events for PV patients in the ASA group
(9.1% vs. 5.3%). However, this difference was not statistically sig-
nificant (p = 0.08).2' In contrast, in the retrospective multicenter
study by Finazzi et al* with more than 1100 patients with ET and
prefibrotic myelofibrosis (pre-MF), ASA use was an independent risk
factor for bleeding in multivariate analysis.

Regarding studies including all MPN subtypes and different
types of antiplatelet and anticoagulation therapies, Kander et al®
included 351 MPN patients in a retrospective single-center study
with a median follow-up of two years and a prevalence of bleeding
(minor and major) of 15.6%. This is comparable to our analysis. A
significantly increased risk of bleeding depending on the therapy
with ASA or the mutation status was not observed. However, the

influence of anticoagulation therapies such as VKA, low molecular

TABLE 4 Comparison of clinical parameters between MPN patients with a major bleeding event (n = 47), with a minor hemorrhage

(n = 96) or with no bleeding at all (n = 686)

Patients with a major

Parameters bleeding event (n = 47)

Median age at MPN diagnosis; years (range) 50.9 (11.0-78.1)

Gender (male/female) 23/24
Essential thrombocythemia (ET = 16
Polycythemia vera (PV) 14
Myelofibrosis (MF) 14
Prefibrotic myelofibrosis (pre-MF) 1
MPN unclassified 2
JAK2 33
CALR; n (%) 5
MPL; n (%) 1
Triple negative; n (%) 3

*Statistically significant.

Patients with a minor Patients with no bleeding

bleeding event (n = 96) at all (n = 686) p
49.2 (17.7-79.7) 51.4(11.8-88.9) 0.196
25/71 275/411 0.011’
32 218 0.182
36 229

17 137

11 81

0 21

69 469 0.769
18 97 0.361
1 18 0.725
7 33 0.423
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weight heparin (LMWH) or DOACs on bleeding propensity was not
included in the multivariate analysis. In 2016, Kaifie et al.? con-
ducted a multicenter study investigating the risk of bleeding (and
thrombosis) in a cohort of 455 MPN patients. Similar to our study,
8.2% major bleeding (n = 36) was observed. However, no signifi-
cantly increased risk of bleeding was observed in patients receiving
ASA, VKA or rivaroxaban therapy. Only treatment with heparin was
associated with an increased risk of bleeding (OR = 5.64). However,
minor bleeding was excluded in this study and an analysis of bleed-
ing risk in CALR mutated or “triple-negative” patients was not
performed.

Given this diversity of data on the risk of bleeding with the use
of anticoagulation in MPN, and in order to obtain more “real-world”
data on bleeding complications, we conducted our retrospective
study of 829 MPN patients of all MPN subtypes. During a median
follow-up of 5.5 years, we observed an incidence rate for all bleeding
events of 2.29% per patient/year and for major bleeding of 0.75%
per patient/year, which is comparable to other studies.**® In terms
of location, mucocutaneous hemorrhages were the most common,
while among major bleedings, gastrointestinal, postoperative and
CNS hemorrhages were the most common, which was also observed
by Kaifie et al.? Over 2/3 of our MPN patients had no cytoreduc-
tive therapy at the time of the bleeding event, which may have con-
tributed to increased bleeding propensity. Since only 11/143 (7.7%)
MPN patients with bleeding had acquired von Willebrand disease
(AVWD), the quantitative impact of this coagulation disorder on
bleeding propensity appears to be small.

In contrast with the results of several studies,®%?!

our study
suggests an increased risk of bleeding with antiplatelet and anti-
coagulation therapies, both for all bleeding and, in the multivariate
analysis, only for major bleeding. However, it is clinically relevant
that there was only one fatal bleeding event out of 829 MPN pa-
tients during the follow-up period. According to the Cox regression
analysis, a 2.3-fold increased risk of the use of antiplatelet drugs and
a 4.06-fold increased risk of the use of anticoagulation therapy com-
pared to no anticoagulation was observed. One possible explana-
tion for these results was the inclusion of all bleeding events (major
and minor), all MPN subtypes and all kinds of anticoagulation, which
has not been done before in comparable retrospective single-center
studies. It should also be considered that prospective studies on the
risk of bleeding with anticoagulation (antiplatelet drugs and/or anti-
coagulation therapies) in MPN patients are lacking. In contrast, pro-
spective studies in the general population (“non-MPN”) have shown
an increased risk of bleeding with the use of ASA?? and VKA?® com-
pared to no anticoagulation. It is noteworthy that one fifth (20.7%)
of patients with a bleeding event under anticoagulation therapies
in our cohort were also taking ASA, which could be another reason
for the increased risk of bleeding. Overall, 34.5% of our patients on
anticoagulation therapy received DOACs. Remarkably, not a single
major bleeding event was recorded in this group. In contrast with
anticoagulation, multivariate analysis and the log-rank test did not
reveal an increased risk of bleeding associated with patient age, gen-
der, MPN subtype or mutation status.

In summary, our study shows a significantly increased risk of
bleeding complications in MPN patients treated with antiplatelet or
anticoagulation therapies. It is clinically important to note that in our
study there was no obvious evidence of increased bleeding-related
mortality with the use of anticoagulation. Therefore, concerns about
bleeding should still not be a reason to refrain from guideline-tailored
primary prophylactic anticoagulation or to prematurely discontinue
secondary prophylaxis in MPN patients. Ultimately, the indication
for anticoagulation in MPN must be made carefully at the beginning

and reviewed over the course of the disease.

CONFLICT OF INTEREST
All authors declare that they have no conflict of interest or compet-

ing interests.

ETHICS APPROVAL
The questionnaire and study protocol for this retrospective study
were approved by the Ethics Committee of the Ruhr-Universitat

Bochum, based in Bad Oeynhausen.

CONSENT TO PARTICIPATE
Informed consent was obtained from all individual participants in-
cluded in the study.

CONSENT FOR PUBLICATION

Patients gave informed consent regarding publication of their data.

CODE AVAILABILITY
Not applicable.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ORCID
Kai Wille "= https://orcid.org/0000-0002-7682-8563
REFERENCES

1. Appelmann I, Kreher S, Parmentier S, et al. Diagnosis, prevention,
and management of bleeding episodes in Philadelphia-negative my-
eloproliferative neoplasms: recommendations by the Hemostasis
Working Party of the German Society of Hematology and Medical
Oncology (DGHO) and the Society of Thrombosis and Hemostasis
Research (GTH). Ann Hematol. 2016;95:707-718.

2. Martin K. Risk Factors for and Management of MPN-Associated
Bleeding and Thrombosis. Curr Hematol Malig Rep.2017;12:389-396.

3. Elliott MA, Tefferi A. Thrombosis and haemorrhage in polycy-
thaemia vera and essential thrombocythaemia. Br J Haematol.
2005;128:275-290.

4. Finazzi G, Carobbio A, Thiele J, et al. Incidence and risk factors for
bleeding in 1104 patients with essential thrombocythemia or prefi-
brotic myelofibrosis diagnosed according to the 2008 WHO crite-
ria. Leukemia. 2012;26:716-719.

5. Rungjirajittranon T, Owattanapanich W, Ungprasert P,
Siritanaratkul N, Ruchutrakool T. A systematic review and meta-
analysis of the prevalence of thrombosis and bleeding at diagnosis


https://orcid.org/0000-0002-7682-8563
https://orcid.org/0000-0002-7682-8563

WILLE ET AL.

10.

11.

12.

13.

14.

15.

16.

of Philadelphia-negative myeloproliferative neoplasms. BMC
Cancer. 2019;19:184.

Barbui T, De Stefano V, Carobbio A, et al. Direct oral anticoagulants
for myeloproliferative neoplasms (MPN-DOACS): results from an
International Study on 442 patients. Blood. 2020;136:42-43.

Nicol C, Lacut K, Pan-Petesch B, Lippert E, lanotto J-C. Hemorrhage
in essential thrombocythemia or polycythemia vera: epidemiol-
ogy, location, risk factors, and lessons learned from the literature.
Thromb Haemost. 2021;121:553-564.

Kander EM, RazaS, ZhouZ, et al. Bleeding complicationsin BCR-ABL
negative myeloproliferative neoplasms: prevalence, type, and risk
factors in a single-center cohort. Int J Hematol. 2015;102:587-593.
Kaifie A, Kirschner M, Wolf D, et al. Bleeding, thrombosis, and an-
ticoagulation in myeloproliferative neoplasms (MPN): analysis from
the German SAL-MPN-registry. J Hematol Oncol. 2016;9:18.

Barbui T, Thiele J, Gisslinger H, et al. The 2016 WHO classification
and diagnostic criteria for myeloproliferative neoplasms: document
summary and in-depth discussion. Blood Cancer J. 2018;8:15.

Wille K, Sadjadian P, Becker T, et al. High risk of recurrent ve-
nous thromboembolism in BCR-ABL-negative myeloproliferative
neoplasms after termination of anticoagulation. Ann Hematol.
2019;98:93-100.

Cushman M. Epidemiology and risk factors for venous thrombosis.
Semin Hematol. 2007;44:62-69.

Schulman S, Kearon C. Definition of major bleeding in clinical in-
vestigations of antihemostatic medicinal products in non-surgical
patients. J Thromb Haemost. 2005;3:692-694.

Harrison CN, Campbell PJ, Buck G, et al. Hydroxyurea compared
with anagrelide in high-risk essential thrombocythemia. N Engl J
Med. 2005;353:33-45.

Ng C, Motto DG, Di Paola J. Diagnostic approach to von Willebrand
disease. Blood. 2015;125:2029-2037.

Barbui T, Tefferi A, Vannucchi AM, et al. Philadelphia chromosome-
negative classical myeloproliferative neoplasms: revised manage-
ment recommendations from European LeukemiaNet. Leukemia.
2018;32:1057-1069.

18.

19.

20.

21.

22.

23.

Cervantes F, Dupriez B, Pereira A, et al. New prognostic scoring sys-
tem for primary myelofibrosis based on a study of the International
Working Group for Myelofibrosis Research and Treatment. Blood.
2009;113:2895.

De Stefano V, Ruggeri M, Cervantes F, et al. High rate of recur-
rent venous thromboembolism in patients with myeloproliferative
neoplasms and effect of prophylaxis with vitamin K antagonists.
Leukemia. 2016;30:2032-2038.

Hernandez-Boluda J-C, Arellano-Rodrigo E, Cervantes F, et al.
Oral anticoagulation to prevent thrombosis recurrence in poly-
cythemia vera and essential thrombocythemia. Ann Hematol.
2015;94:911-918.

Marchioli R, Finazzi G, Landolfi R, et al. Vascular and neoplastic risk
in a large cohort of patients with polycythemia vera. J Clin Oncol.
2005;23:2224-2232.

Landolfi R, Marchioli R, Kutti J, et al. Efficacy and safety of low-
dose aspirin in polycythemia vera. N Engl J Med. 2004;350:114-124.
McNeil JJ, Wolfe R, Woods RL, et al. Effect of aspirin on cardio-
vascular events and bleeding in the healthy elderly. N Engl J Med.
2018;379:1509-1518.

Singer DE, Hughes RA, Gress DR, et al. The effect of low-dose war-
farin on the risk of stroke in patients with nonrheumatic atrial fibril-
lation. N Engl J Med. 1990;323:1505-1511.

How to cite this article: Wille K, Huenerbein K, Jagenberg E,
et al. Bleeding complications in bcr-abl-negative
myeloproliferative neoplasms (MPN): A retrospective
single-center study of 829 MPN patients. Eur J Haematol.
2021;00:1-9. https://doi.org/10.1111/ejh.13721



https://doi.org/10.1111/ejh.13721

