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Abstract. - OBJECTIVE: The aim of this
study is to investigate the temporal relationship
between the first occurrence of thromboembolic
events (TEE) and the timing of myeloproliferative
neoplasm (MPN) diagnosis and to determine risk
factors for TEE-related mortality in MPN.

PATIENTS AND METHODS: A total of 138
BCR-ABL-negative MPN patients with TEE, di-
agnosed from January 2010 to December 2019,
were included in this retrospective cohort. Pa-
tients were compared according to mortality and
subjects were classified into three groups with
respect to having suffered index TEE before,
during, or after MPN diagnosis.

RESULTS: The mean age of surviving pa-
tients was 57.5+13.8, while those who had died
had a mean age of 72.0+9.0 (p<0.001). Males
represented 56.5% of patients with mortality
and 60.9% of those without mortality (p=0.876).
TEE was detected in 26.0% of MPN patients, and
TEE-related mortality rate was 16.7%. There was
no relationship between mortality and the clas-
sification of patients according to index TEE (p
=0.884). High age (p<0.001) and danazol use
(p=0.014) were independently associated with
TEE-related mortality.

CONCLUSIONS: The temporal relationship
between TEE and MPN diagnosis was not found
to influence mortality. Older patients and da-
nazol recipients should be considered to have a
higher risk of TEE-related mortality.
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Introduction

Myeloproliferative neoplasms (MPNs) are he-
matological malignancies characterized by prolif-
eration of bone marrow cells, often observed in

one or more myeloid cell lines'. There are seven
diseases in the MPN group: polycythemia vera
(PV), essential thrombocythemia (ET), primary
myelofibrosis (PMF), chronic myeloid leukemia
(CML), chronic neutrophilic leukemia, chronic
eosinophilic leukemia and unclassifiable MPN?2.,
Diseases other than CML are accepted to be neg-
ative for the BCR-ABL oncogene, also known as
the Philadelphia chromosome®. The worldwide
reported annual incidence of MPN ranges from
0.44 to 5.87 per 10,000 individuals®*.

Thromboembolic events (TEE) are common
among patients and have an impact on MPN-re-
lated morbidity and mortality®. In a comprehen-
sive meta-analysis, the frequency of thrombosis
in patients with PV, ET, and PMF were reported
as being 28.6%, 20.7%, and 9.5%, respectively®.
Various studies’® have reported that thrombo-
sis-related deaths account for 45%, 26%, and 12%
of deaths in patients with PV, ET, and PMF, re-
spectively. TEE most frequently occur around the
time of MPN diagnosis; however, they can also
occur before or after diagnosis'®!. In a popula-
tion-based study comparing MPN patients with
controls, thrombosis hazard ratios were reported
to be 4.0, 2.4, and 1.8 at 3 months, 1 year, and 5
years after the diagnosis, respectively'?. TEE may
also occur before MPN diagnosis, with a reported
incidence of 14-41%'"“, and we rarely had find-
ings that would convincingly lead to MPN diag-
nosis at the time of TEE'*'"”. The negative impact
of TEE on MPN prognosis is an undisputable is-
sue>'®; however, it is unknown whether there is a
relationship between MPN mortality and the tim-
ing of the index thrombosis event (before MPN
diagnosis, at the time of diagnosis, or after diag-
nosis), particularly since this issue has not been
adequately investigated.
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Considering the impact of thrombosis in MPN,
it is evident that the influence of TEE and its
characteristics must be addressed in every aspect.
Therefore, in this study, we aimed to investigate
the effect of the temporal relationship between
the index TEE and MPN diagnosis. Additional-
ly, a secondary focus was to identify risk factors
associated with TEE-related mortality in MPN
patients.

Patients and Methods

Ethical Statement and Study Design

The ethical approval required for this retro-
spective study was obtained from the University
of Health Sciences Dr. Sadi Konuk Training and
Research Hospital, Bakirkoy, Istanbul, Turkey
(date: April 4, 2022, no.: 2022-07-10). The study
was conducted in compliance with the Helsinki
declaration and its later amendments. This ret-
rospective cohort study was carried out in the
Department of Hematology of Dr. Sadi Konuk
Training and Research Hospital.

Study Population and Data Collection

According to the descriptive statistics (effect
size = 0.244) reported in the study by Neess et al'’,
a sample size of 132 was found to achieve 80%
power for a two-sided significance level of 0.05.
Sample size was calculated by using the Chi-
square test power analysis.

The data of a total of 530 patients diagnosed
with BCR-ABL-negative MPN, from January
2010 to December 2019, who had been treated as
outpatients or inpatients in the Hematology De-
partment of our hospital were analyzed.

Inclusion criteria were: being older than 18
years and having developed TEE at one of the
following time periods: before, at the time of, or
after the diagnosis of BCR-4BL-negative MPN.
Patients with a follow-up period shorter than 3
years after MPN diagnosis were excluded from
the study. Also, those with very recent TEE at the
time of study inclusion (still receiving treatment
or close monitoring) and patients with missing
data were excluded. A final total of 138 patients
who met the inclusion/exclusion criteria were in-
cluded in the study.

Demographic data, MPN sub-types, comor-
bidities, smoking status, drug use and treatments,
spleen-related information, laboratory results,
thrombosis and bleeding characteristics, and

mortality status were obtained retrospectively
from the hospital database and patient charts.

Grouping

The patients were divided into two groups with
respect to TEE-related mortality (survivors and
those with mortality). Additionally, subjects were
divided into three groups according to the tem-
poral relationship between index TEE and MPN
diagnosis. Group 1: index TEE before MPN di-
agnosis, Group 2: diagnosed with MPN during
index TEE, and Group 3: index TEE after MPN
diagnosis.

Outcomes

The primary outcome of the study was to in-
vestigate whether the timing of the first TEE was
associated with the risk of mortality in MPN pa-
tients. The secondary outcome of the study was
to investigate other factors that may be associated
with TEE-related mortality in MPN patients.

Laboratory Analysis

All laboratory parameters analyzed in the
study were selected from variables obtained
routinely during the diagnosis and treatment of
MPN. Hematological and biochemical analyses
were performed from venous blood with use of
routine devices in the Clinical Chemistry Depart-
ment of Dr. Sadi Konuk Training and Research
Hospital (PM-8000; Mindray, China and Cobas
800; Roche, Indianapolis, IN, USA). Parameters
included complete blood count (white blood cell,
neutrophil, lymphocyte, platelet and eosinophil
counts, hemoglobin and hematocrit levels, mean
corpuscular volume), lactate dehydrogenase, and
erythropoietin. Additionally, data concerning
treatment and management were recorded.

Morphological, cytogenetic and molecular ge-
netic assessments required for the diagnosis of
MPN subtypes were performed in the hematol-
ogy, pathology and genetics laboratories of our
hospital. Mutations were studied by Real-Time
Polymerase Chain Reaction using a CFX96™
system (Bio-Rad Laboratories; Munich, Germa-
ny) and commercial kits in accordance with the
manufacturers’ recommendations.

Bone marrow aspirates and biopsies were ob-
tained by experienced hematologists and were
cultured for 24-48 hours in a 10 pg/mL Colcemid
solution without mitogen for conventional bone
marrow cytogenetics'®. Experienced hematolo-
gists and pathologists performed morphological
examinations of bone marrow aspirates and biop-
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sies in accordance with the classifications of the
World Health Organization (WHO, tumors of he-
matopoietic and lymphoid tissues)'®".

The Classification and Management
of MPNs
MPN classifications and follow-ups were per-
formed according to WHO criteria and the recom-
mendations for MPN published in 2008>° (for patients
diagnosed before the 2016 edition) and in 2016
Overall patient management and the treatment
of MPN and its complications were conducted in
accordance with the 2015 ESMO clinical practice
guidelines* and the revised version of recommen-
dations from the 2011 guidelines of European
LeukemiaNet?'.

The Management of TEE and
Hemorrhagic Events

The occurrence of one or more of the following
was defined as TEE: acute myocardial infarction,
deep vein thrombosis, ischemic stroke, pulmo-
nary embolism, peripheral arterial thrombosis,
thrombosis of mesenteries and splanchnic veins,
superficial thrombophlebitis, or transient isch-
emic attack. TEE diagnoses were confirmed by
experienced radiologists with the aid of computed
tomography scanning, magnetic resonance imag-
ing, color Doppler ultrasonography or angiogra-
phy. In patients with TEE before MPN diagnosis,
TEE management was performed according to
contemporary guidelines at the relevant time®**.

Information concerning all hemorrhagic
events, such as epistaxis, gastric bleeding and
cerebral bleeding, were also obtained. Diagnosis
and management of patients who had bleeding
complaints during their outpatient follow-up or
inpatient treatment were carried out by the rele-
vant departments with up-to-date approaches.

Other Definitions and Procedures

Patients in which the cause of death was record-
ed as one of the specified TEE were defined to have
suffered TEE-related mortality. Peripheral blood
leukoerythroblastosis was defined as the presence
of nucleated red cells, immature granulocytes and
dacryocytes in peripheral smear*. Splenomegaly
was defined as clinical or radiological demonstra-
tion of spleen enlargement, which was measured
via ultrasound or computed tomography.

Statistical Analysis

All analyses, with a significance threshold
of <0.05 (p-value), were performed on SPSS
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for Windows Version 25 (IBM Corp., Armonk,
NY, USA). For the normality check, the Kolm-
ogorov-Smirnov test was used. Data are given
as mean *+ standard deviation or median (1%
quartile — 3" quartile) for continuous variables
according to normality of distribution, while
frequency (percentage) values were given for
categorical variables. Normally distributed
variables were analyzed with the independent
samples z-test. Non-normally distributed vari-
ables were analyzed with the Mann-Whitney U
test. Categorical variables were analyzed with
the Chi-square tests, the Fisher’s exact test or
the Fisher-Freeman-Halton test. Multiple logis-
tic regression (forward conditional) was per-
formed to identify factors independently asso-
ciated with TEE-related mortality.

Results

Survivors had a mean age of 57.54 + 13.82,
while those with mortality had a mean age of
72.04 £ 9.01 years (p < 0.001). Sex distribution
was similar among survivors and those with mor-
tality (p = 0.876). Comparisons concerning the
survivor and mortality groups are summarized
in Table I. TEE was diagnosed in 26.0% of all
MPN patients, and TEE-related mortality rate
was 16.7%. The distribution of patients into the
temporal groups was as follows: group 1: 34.8%,
group 2: 29.0%, group 3: 36.2%. The percentage
of patients with PMF was significantly higher in
the mortality group, and the percentage of pa-
tients with ET was significantly higher in survi-
vors (p = 0.025). The percentage of patients using
danazol treatment was significantly higher in the
mortality group (p = 0.003). Mean hemoglobin (p
=0.002) and mean hematocrit (p = 0.007) levels
were significantly lower among deceased patients
compared to survivors.

We performed multiple logistic regression
analysis to identify factors independently asso-
ciated with TEE-related mortality. Higher age (p
< 0.001) and danazol use (p = 0.014) were found
to be independently associated with TEE-related
mortality. Other variables included in the analy-
sis, PMF (p = 0.185), ET (p = 0.060), hemoglobin
(p =0.356) and hematocrit (p = 0.317) were found
to be non-significant (Table II).

Only two patients had prefibrotic PMF (both
were survivors), and one patient had grade 1-2 fi-
brosis (deceased). No patients were found to have
experienced leukemic transformation. These fac-
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tors were not included in statistical evaluations
due to the limited patient count.

Discussion

Due to its high prevalence and significant im-
pact on morbidity and mortality, thrombosis is
the main issue of concern among patients with
MPN°. Previous research'>'® has established that
thrombotic events have a strong impact on sur-
vival in MPN, but the temporal relationship be-
tween index TEE and MPN prognosis/survival
is an unexplored issue. The findings of this study
demonstrate that the timing of index TEE is un-
associated with TEE-related mortality in MPN.
In the present study, TEE was seen in 26.0% of
all MPN patients, and TEE-related mortality rate
was 16.7%. Of note, the highest rates of TEE-re-
lated mortality were detected in patients with
PMF and ET. However, only advanced age and
danazol use were identified as independent risk
factors for TEE-related mortality in our group of
patients with MPN.

The risk of TEE is highest at the time of initial
MPN diagnosis®*. However, it is not uncommon
for MPN to be missed during the index TEE and
to be diagnosed during a subsequent bleeding or
TEE attack. Furthermore, the first TEE may also
occur after MPN diagnosis™''2. In the present
study, the incidence of TEE was found to be 26.0%
in all MPN patients. The majority of patients with
TEE were PV patients (40.6%), followed by ET
patients (34.1%). When assessed, 9.1% of all MPN
patients had their first TEE before diagnosis, 7.5%
during diagnosis, and 9.4% after diagnosis. In the
literature, TEE rates before, at the time of, or after
MPN diagnosis show a wide range. In general, the
incidence of TEE before MPN diagnosis has been
reported in the range of 14-41%'*!, Zhang et al'®
reported that the incidence of thrombosis at the
time of diagnosis or before diagnosis was 63.9%,
and it was noted that 52.4% of patients developed
thrombosis after diagnosis. The Mayo Clinic’s
data from 3023 patients with BCR-ABL-negative
MPN showed that the percentage of patients with
a history of thrombosis before or during diagno-
sis was 20%, while 17% experienced thrombotic
events after diagnosis®.

The occurrence of TEE is the primary prog-
nostic marker in MPN, and it is considered to be a
preventable risk factor*'2. Therefore, much of the
current treatment paradigms for MPN focus on
preventing TEE and its recurrence”. Many risk

factors have been identified to increase throm-
bosis risk'®'*!> and mortality'*>'. All factors that
increase the risk of TEE can also be expected
to have an effect on mortality. The results of the
present study showed that TEE-related mortality
rates were similar among patients who had their
first TEE before, at the time of, or after MPN di-
agnosis. In the study of Pereira et al*’, it was stated
that no significant excess mortality attributable to
ET and PV was detected at 20 years and 18 years
from diagnosis, respectively. However, in both
diseases, excess mortality significantly increased
after the first recorded TEE. One study showed
that, for both PV and ET patients, those with TEE
before and after MPN diagnosis had a greater risk
of mortality compared to patients without TEE.
Also, patients who experienced TEE within the
first year after MPN diagnosis had shorter median
survival than those without TEE*. These studies
showed that TEE significantly increases the risk
of mortality whether it is experienced before or
after the diagnosis of MPN; however, these stud-
ies did not compare mortality risks between pa-
tients who experienced TEE before or after MPN
diagnosis.

In the current study, the effect of the timing
of index TEE on mortality was examined. This
relationship may have been influenced by vari-
ous factors, including treatment before and after
thrombosis, other possible causes of death, the
number of TEE, and the time between thrombosis
and MPN. Most of these factors could not be in-
vestigated in this study due to missing data or the
difficulty of collecting data. Despite our results
showing the absence of a temporal relationship,
more comprehensive studies that will take these
factors into account may be able to clarify poten-
tial relationships. We hope that the present study
will inspire further studies on this subject.

Other risk factors may also affect the risk of
mortality in MPN. Apart from TEE, factors such
as leukemic transformation, advanced age, ane-
mia, and MPN sub-types are widely recognized to
increase the risk of mortality in MPN patients'>'6.
In the present study, PV patients constituted the
majority of patients who developed TEE. PV was
present in 43.5% of survivors and 26.1% of those
with mortality; however, a significant difference
was not identified between these groups. The re-
sults of univariate analysis showed that only the
ET and PMF diagnoses were associated with sig-
nificantly increased mortality. Similarly, the he-
moglobin and hematocrit levels of non-survivors
were significantly lower than that of survivors.
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Table I. Summary of mortality related variables and analysis results.

Mortality
Total (n=138) No (n=115) Yes (n=23) P

Age 59.96 + 14.19 57.54 +£13.82 72.04 £9.01 <0.001

Sex
Male 83 (60.1%) 70 (60.9%) 13 (56.5%) 0.876
Female 55 (39.9%) 45 (39.1%) 10 (43.5%)

Smoking status
Non-smoker 81 (73.6%) 69 (74.2%) 12 (70.6%) 0.494
Ex-smoker 6 (5.5%) 6 (6.5%) 0 (0.0%)

Smoker 23 (20.9%) 18 (19.4%) 5 (29.4%)

Anticoagulant use 35 (25.4%) 30 (26.1%) 5(21.7%) 0.861

Antiaggregant use 104 (75.4%) 86 (74.8%) 18 (78.3%) 0.930

Comorbidities
Diabetes mellitus 32 (23.2%) 25 (21.7%) 7 (30.4%) 0.528
Hypertension 60 (43.5%) 50 (43.5%) 10 (43.5%) 1.000
Cerebrovascular disease 40 (29.0%) 32 (27.8%) 8 (34.8%) 0.675
Coronary artery disease 45 (32.6%) 36 (31.3%) 9 (39.1%) 0.626
Congestive heart failure 7 (5.1%) 4 (3.5%) 3 (13.0%) 0.090
Atrial fibrillation 7 (5.1%) 6 (5.2%) 1 (4.3%) 1.000
Chronic renal diseases 4(2.9%) 2 (1.7%) 2 (8.7%) 0.129
Hyperlipidemia 8 (5.8%) 6 (5.2%) 2 (8.7%) 0.620
COPD/Asthma 6 (4.3%) 5 (4.3%) 1 (4.3%) 1.000
Malignancy 7 (5.1%) 4 (3.5%) 3 (13.0%) 0.090
Hypothyroidism 4 (2.9%) 4 (3.5%) 0 (0.0%) 1.000
Other 21 (15.2%) 19 (16.5%) 2 (8.7%) 0.527

Diagnosis
Polycythemia vera 56 (40.6%) 50 (43.5%) 6 (26.1%) 0.025
Primary myelofibrosis 6 (4.3%) 3 (2.6%) 3 (13.0%)

Essential thrombocythemia 47 (34.1%) 35 (30.4%) 12 (52.2%)
Chronic eosinophilic leukemia 1 (0.7%) 1 (0.9%) 0 (0.0%)
MPN-Unclassifiable 28 (20.3%) 26 (22.6%) 2 (8.7%)

Treatment" 118 (85.5%) 97 (84.3%) 21 (91.3%) 0.527
Hydroxyurea 91 (65.9%) 77 (67.0%) 14 (60.9%) 0.748
Ruxolitinib 15 (10.9%) 10 (8.7%) 5(21.7%) 0.133
Interferon alpha 8 (5.8%) 7 (6.1%) 1 (4.3%) 1.000
Anagrelide 4 (2.9%) 3 (2.6%) 1 (4.3%) 0.522
Danazol 5 (3.6%) 1 (0.9%) 4 (17.4%) 0.003

Spleen status
Normal 100 (74.1%) 84 (74.3%) 16 (72.7%) 0.895
Splenomegaly 31 (23.0%) 25 (22.1%) 6 (27.3%)

Splenectomy 4 (3.0%) 4 (3.5%) 0 (0.0%)

Size of spleen 158 (140 - 190) 148 (140 - 179) 171 (158 - 190) 0.250
Leukoerythroblastosis 3 (2.2%) 2 (1.7%) 1 (4.3%) 0.424
WBC (x10°) 10.39 (7.90 - 14.00) 10.43 (7.87-13.95)  9.78 (8.13 - 18.80) 0.547

Neutrophil (x10%) 7.18 (4.79 - 10.34) 7.24 (471 - 9.76) 6.79 (4.87 - 14.10) 0.579

Lymphocyte (x10°) 2.15(1.71 - 2.49) 2.15(1.73 - 2.48) 2.21(1.61 -2.57) 0.983

Eosinophil (x10°) 0.25(0.12 - 0.42) 0.25(0.13 - 0.42) 0.25(0.12 - 0.49) 0.759

Hemoglobin 14.80 £3.24 15.19 + 3.04 12.92 +3.59 0.002

Hematocrit 46.24 £ 10.05 47.26 +9.56 41.03 + 11.09 0.007

Platelet (x10°) 617.97 + 308.32 613.11 + 303.60 642.04 +336.88 0.683

MCV (fL) 85.70 £ 10.53 85.81 £10.49 85.13+10.97 0.777

LDH (U/L) 238 (192 - 315) 235 (191 - 305) 244 (210 - 548) 0.072

Ferritin (ng/mL) 40.55 (14.70 - 79.57) 35.02 (1379 - 75.04)  62.00 (24.90 - 91.00)  0.116

Erythropoietin (IU/L) 3.6 (1.71 - 6.8) 35(01.3-6.1) 10.4 (1.82 - 10.7) 0.259

Table continued
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Table | (Continued). Summary of mortality related variables and analysis results.

Mortality
Total (n=138) No (n=115) Yes (n=23) P
JAK-2
Negative 45 (33.1%) 35 (30.7%) 10 (45.5%) 0.272
Positive 91 (66.9%) 79 (69.3%) 12 (54.5%)
Index thromboembolic event
Before diagnosis 48 (34.8%) 39 (33.9%) 9 (39.1%) 0.884
At diagnosis 40 (29.0%) 34 (29.6%) 6 (26.1%)
During follow-up 50 (36.2%) 42 (36.5%) 8 (34.8%)
Location of thrombosis®”
Coronary artery 62 (44.9%) 52 (45.2%) 10 (43.5%) 1.000
Cerebrovascular 55 (39.9%) 45 (39.1%) 10 (43.5%) 0.876
Deep vein 4 (2.9%) 3 (2.6%) 1 (4.3%) 0.522
Pulmonary 3(2.2%) 2 (1.7%) 1 (4.3%) 0.424
Portal vein 13 (9.4%) 12 (10.4%) 1 (4.3%) 0.695
Other 12 (8.7%) 10 (8.7%) 2 (8.7%) 1.000
Bleeding 13 (9.4%) 10 (8.7%) 3 (13.0%) 0.455
Gastrointestinal tract 5 (3.6%) 3 (2.6%) 2 (8.7%) 0.411
Epistaxis 3(2.2%) 3 (2.6%) 0 (0.0%)
Cerebrovascular 2 (1.4%) 2 (1.7%) 0 (0.0%)
Other 3(2.2%) 2 (1.7%) 1 (4.3%)

Data are given as mean + standard deviation or median (1* quartile - 3" quartile) for continuous variables according to normali-
ty of distribution and as frequency (percentage) for categorical variables. (1) Patients may have more than one of the followings.
CEL: Chronic eosinophilic leukemia, COPD: Chronic obstructive pulmonary disease, JAK: Janus kinase, LDH: Lactate dehy-

drogenase, MCV: Mean corpuscular volume, MPN: Myeloproliferative neoplasms, WBC: White blood cell.

These results were not confirmed by multivari-
able regression analysis. Only advanced age and
danazol use were identified as independent risk
factors for TEE-related mortality in our group of
MPN patients. In a retrospective study, the surviv-
al of PMF patients was found to be significantly
shorter than that of ET and PV patients. Also, in
addition to the presence of TEE, leukemic trans-
formation and hemoglobin (<13 g/dL) were found
to be adversely associated with survival, whereas
younger age (<60 years) was a good prognostic
factor, in BCR-ABL-negative MPN'". Anoth-
er study” showed that, in MPN patients posi-
tive for the JAK2"5"7F mutation, overall survival
was significantly worse among those with PMF
compared to patients diagnosed with PV or ET.

However, the patient population in these studies
included all patients with and without thrombosis,
and no separate investigations were conducted re-
garding the timing of index TEE.

Danazol is a semisynthetic attenuated agent
used in hematologic diseases®-!. It is recom-
mended for the management of PMF-associat-
ed anemia and after discontinuation of ruxoli-
tinib®*. Although danazol therapy is generally
well tolerated, some patients may experience side
effects, such as cholestatic hepatitis, prostate
adenocarcinoma, and elevated liver enzymes,
leading to treatment discontinuation or dose re-
duction®. Danazol may also be associated with
leukemic transformation of MPN**. Due to its
positive effects on autoimmune mechanisms that

Table II. Significant factors independently associated with mortality, multiple logistic regression analysis.

p coefficient Standard error P Exp (B) 95.0% ClI for Exp (B)
Age 0.104 0.027 <0.001 1.110 1.053 1.169
Treatment, Danazol 3.006 1.224 0.014 20.215 1.836 222.574
Constant -8.634 1.886 <0.001

CI: Confidence Interval, Nagelkerke R?=0.352.
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cause reduced platelet levels, danazol is used in
patients with thrombocytopenic purpura®-¥. It
was also reported that adding danazol to ruxoli-
tinib treatment improved ruxolitinib-related out-
comes, such as anemia and thrombocytopenia®®.
However, this effect of danazol may reverse the
mechanism of action of therapy and may create
an increased risk of thrombosis**¥. To the best
of our knowledge, there are no other studies in
which danazol has been associated with increased
risk of mortality in MPN. Of note, danazol is sug-
gested to increase the risk of TEE; however, the
present study demonstrated that danazol could
also increase TEE-related mortality in MPN pa-
tients. We therefore recommend cautious use of
danazol in MPN patients, particularly the elderly.
However, since the number of patients using da-
nazol in our study was small, these results need to
be confirmed in future studies.

Limitations

When interpreting the results of this study, some
limitations should be considered. This is a sin-
gle-center study, and the results only apply to MPN
patients with TEE. We only investigated TEE-re-
lated deaths because (i) thrombosis is considered to
be the main cause of mortality in MPN® and (ii) we
wanted to investigate the effect of index TEE tim-
ing on solely TEE-related deaths to avoid bias. The
retrospective collection of data resulted in a limited
set of parameters; however, a respectable group of
clinical and laboratory parameters were examined.
Nonetheless, future studies should aim to include
other parameters that could potentially affect TEE
likelihood. Although the minimum follow-up pe-
riod was 3 years, this limit may have reduced the
number of patients that could have been included,
particularly in the group including patients with
TEE after MPN. Finally, since there are no oth-
er studies investigating this specific issue, results
could not be directly compared.

Conclusions

The timing of the index TEE (before, during, or
after the diagnosis of MPN) did not have a signifi-
cant effect on TEE-related mortality. TEE-related
mortality risk was found to be higher in patients
with PMF and ET compared to other MPNs. Ad-
vanced age and danazol use were identified as in-
dependent risk factors for TEE-related mortality.
We believe that patients with MPN who are older
and those using danazol should be considered to
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have a higher risk of TEE-related mortality. How-
ever, these results need to be supported by more
comprehensive studies.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval

Ethical approval required for this retrospective study was ob-
tained from the University of Health Sciences Dr. Sadi Konuk
Training and Research Hospital, Bakirkdy, Istanbul, Turkey
(decision date: April 4, 2022, decision no.: 2022-07-10).

Informed Consent
Informed consent was obtained from all individual partici-
pants included in the study.

Funding
This research did not receive any specific grants from any
funding agency in the public, commercial, or not-profit sectors.

Authors’ Contributions

EG: Planning, designing, data collection, literature survey,
interpretation of the results, active intellectual support. DY:
Designing, Data collection Collecting data of the work and
statistical analysis. GBS: Collecting data of the work and
statistical analysis. MD: Conception of the work.

ORCID ID

Emine Gulturk: 0000-0003-2836-6162.

Deniz Yilmaz: 0000-0001-9870-5305.

Gulru Birce Sonmezoz: 0000-0002-6976-0724.
Merve Diril: 0000-0003-1244-8876.

References

1) Yigin A, Guvenmez HK, Antmen B. Distribution of
JAK2V617F mutation in chronic myeloproliferative
diseases. J Appl Biol Sci 2021; 15: 330-341.

2) Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz
MJ, Le Beau MM, Bloomfield CD, Cazzola M, Var-
diman JW. The 2016 revision to the World Health
Organization classification of myeloid neoplasms
and acute leukemia. Blood 2016; 127: 2391-2405.

3) Sekhar M. Prevention and management of throm-

bosis in myeloproliferative neoplasms. Clin Adv
Hematol Oncol 2017; 15: 178-181.



Myeloproliferative neoplasms

6)

8)

10)

11)

12)

13)

14)

15)

Vannucchi AM, Barbui T, Cervantes F, Harrison C,
Kiladjian JJ, Kréger N, Thiele J, Buske C. Philadel-
phia chromosome-negative chronic myeloprolife-
rative neoplasms: ESMO Clinical Practice Guide-
lines for diagnosis, treatment and follow-up. Ann
Oncol 2015; 26 Suppl 5: v85-99.

Stein BL, Martin K. From Budd-Chiari syndrome
to acquired von Willebrand syndrome: thrombosis
and bleeding complications in the myeloproliferati-
ve neoplasms. Blood 2019; 134: 1902-1911.

Rungjirajittranon T, Owattanapanich W, Ungpra-
sert P, Siritanaratkul N, Ruchutrakool T. A systema-
tic review and meta-analysis of the prevalence of
thrombosis and bleeding at diagnosis of Philadel-
phia-negative myeloproliferative neoplasms. BMC
Cancer 2019; 19: 184.

Brodmann S, Passweg JR, Gratwohl A, Tichelli A,
Skoda RC. Myeloproliferative disorders: complica-
tions, survival and causes of death. Ann Hematol
2000; 79: 312-318.

Marchioli R, Finazzi G, Landolfi R, Kutti J, Gisslin-
ger H, Patrono C, Marilus R, Villegas A, Tognoni
G, Barbui T. Vascular and neoplastic risk in a large
cohort of patients with polycythemia vera. J Clin
Oncol 2005; 23: 2224-2232.

Passamonti F, Rumi E, Pungolino E, Malabarba
L, Bertazzoni P, Valentini M, Orlandi E, Arcaini L,
Brusamolino E, Pascutto C, Cazzola M, Morra E,
Lazzarino M. Life expectancy and prognostic fac-
tors for survival in patients with polycythemia vera
and essential thrombocythemia. Am J Med 2004;
117: 755-761.

Enblom A, Lindskog E, Hasselbalch H, Hersby
D, Bak M, Tetu J, Girodon F, Andréasson B.
High rate of abnormal blood values and vascu-
lar complications before diagnosis of myelopro-
liferative neoplasms. Eur J Intern Med 2015; 26:
344-347.

Moliterno AR, Ginzburg YZ, Hoffman R. Clinical
insights into the origins of thrombosis in myelopro-
liferative neoplasms. Blood 2021; 137: 1145-1153.

Hultcrantz M, Bjorkholm M, Dickman PW, Lan-
dgren O, Derolf A R, Kristinsson SY, Andersson
TML. Risk for arterial and venous thrombosis in
patients with myeloproliferative neoplasms: A po-
pulation-based cohort study. Ann Intern Med 2018;
168: 317-325.

Seguro FS, Teixeira LLC, Da Rosa LI, Da Silva
WF, Nardinelli L, Bendit |, Rocha V. Risk fac-
tors and incidence of thrombosis in a Brazilian
cohort of patients with Philadelphia-negative
myeloproliferative neoplasms. J Thromb Throm-
bolysis 2020; 49: 667-672.

Polycythemia vera: the natural history of 1213 pa-
tients followed for 20 years. Gruppo ltaliano Studio
Policitemia. Ann Intern Med 1995; 123: 656-664.

Zhang Y, Zhou Y, Wang Y, Teng G, Li D, Wang Y,
Du C, Chen Y, Zhang H, Li Y. Thrombosis among
1537 patients with JAK2V617F-mutated myelopro-
liferative neoplasms: Risk factors and develop-
ment of a predictive model. Cancer Med 2020; 9:
2096-2105.

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Andic N, Uniibol M, Yagci E, Akay OM, Yavasoglu
i, Kadikéylii VG, Bolaman AZ. Clinical Features of
294 Turkish Patients with Chronic Myeloproliferati-
ve Neoplasms. Turk J Haematol 2016; 33: 187-195.

Naess IA, Christiansen SC, Romundstad P, Can-
negieter SC, Rosendaal FR, Hammerstrom J. In-
cidence and mortality of venous thrombosis: a po-
pulation-based study. J Thromb Haemost 2007; 5:
692-699.

Hasserjian RP, Ott G, Elenitoba-Johnson KS, Bala-
gue-Ponz O, De Jong D, De Leval L. Commentary
on the WHO classification of tumors of lymphoid
tissues (2008):“Gray zone” lymphomas overlap-
ping with Burkitt lymphoma or classical Hodgkin
lymphoma. J Hematop 2009; 2: 89-95.

Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri
SA, Stein H, Thiele J, Vardiman JW. WHO classifi-
cation of tumours of haematopoietic and lymphoid
tissues. Lyon: International agency for research on
cancer, 2008.

Tefferi A, Vardiman JW. Classification and diagno-
sis of myeloproliferative neoplasms: the 2008 Wor-
Id Health Organization criteria and point-of-care
diagnostic algorithms. Leukemia 2008; 22: 14-22.

Barbui T, Tefferi A, Vannucchi AM, Passamonti
F, Silver RT, Hoffman R, Verstovsek S, Mesa
R, Kiladjian JJ, Hehimann R, Reiter A, Cervan-
tes F, Harrison C, Mc Mullin MF, Hasselbalch
HC, Koschmieder S, Marchetti M, Bacigalupo
A, Finazzi G, Kroeger N, Griesshammer M,
Birgegard G, Barosi G. Philadelphia chromo-
some-negative classical myeloproliferative ne-
oplasms: revised management recommenda-
tions from European LeukemiaNet. Leukemia
2018; 32: 1057-1069.

Guyatt GH, Akl EA, Crowther M, Gutterman DD,
Schutinemann HJ. Executive summary: Antithrom-
botic Therapy and Prevention of Thrombosis, 9th
ed: American College of Chest Physicians Evi-
dence-Based Clinical Practice Guidelines. Chest
2012; 141: 7s-47s.

Japanese Circulation Society Joint Working
Group. Guidelines for the diagnosis, treatment
and prevention of pulmonary thromboembolism
and deep vein thrombosis (JCS 2009). Circ J
2011; 75: 1258-1281.

Tefferi A. Primary myelofibrosis: 2017 update on
diagnosis, risk-stratification, and management.
Am J Hematol 2016; 91: 1262-1271.

Kelliher S, Falanga A. Thrombosis in myelopro-
liferative neoplasms: A clinical and pathophysio-
logical perspective. Thrombosis Update 2021; 5:
100081.

Szuber N, Mudireddy M, Nicolosi M, Penna D,
Vallapureddy RR, Lasho TL, Finke C, Begna KH,
Elliott MA, Hook CC, Wolanskyj AP, Patnaik MM,
Hanson CA, Ketterling RP, Sirhan S, Pardanani
A, Gangat N, Busque L, Tefferi A. 3023 mayo cli-
nic patients with myeloproliferative neoplasms:
Risk-Stratified comparison of survival and outco-
mes data among disease subgroups. Mayo Clin
Proc 2019; 94: 599-610.

4949



E. Gulturk, D. Yilmaz, G. Birce Sonmezoz, M. Dirll

27)

28)

29)

30)

31)

32)

Pereira A, Raebel CB, Boluda JCH, Marin FF, Gar-
cia-Hernandez C, Gbmez-Casares MT, Pérez-Enc-
inas M, Noya M-S, Cuevas B, Caballero G. Excess
mortality in polycythemia vera and essential throm-
bocythemia. Blood 2018; 132: 3042.

Pemmaraju N, Gerds AT, Yu J, Parasuraman S,
Shah A, Xi A, Kumar S, Scherber RM, Versto-
vsek S. Thrombotic events and mortality risk
in patients with newly diagnosed polycythemia
vera or essential thrombocythemia. Leuk Res
2022; 115: 106809.

Cervantes F, Isola IM, Alvarez-Larran A, Hernand-
ez-Boluda JC, Correa JG, Pereira A. Danazol the-
rapy for the anemia of myelofibrosis: assessment of
efficacy with current criteria of response and long-
term results. Ann Hematol 2015; 94: 1791-1796.

Ashfaq S, Can AS. Danazol. StatPearls. Treasu-
re Island (FL), StatPearls Publishing Copyright ©
2022, StatPearls Publishing LLC., 2022.

Mulroy E, Gleeson S, Chiruka S. Danazol: an
effective option in acquired amegakaryocytic
thrombocytopaenic purpura. Case Rep Hematol
2015; 2015: 171253.

Schain F, Vago E, Song C, He J, Liwing J, Lofgren
C, Bjorkholm M. Survival outcomes in myelofi-
brosis patients treated with ruxolitinib: A popula-

33)

34)

35)

36)

37)

tion-based cohort study in Sweden and Norway.
Eur J Haematol 2019; 103: 614-619.

Cervantes F, Alvarez-Larran A, Domingo A, Arel-
lano-Rodrigo E, Montserrat E. Efficacy and tole-
rability of danazol as a treatment for the anaemia
of myelofibrosis with myeloid metaplasia: long-
term results in 30 patients. Br J Haematol 2005;
129: 771-775.

Mascarenhas J. A Concise Update on Risk Fac-
tors, Therapy, and Outcome of Leukemic Transfor-
mation of Myeloproliferative Neoplasms. Clin Lym-
phoma Myeloma Leuk 2016; 16 Suppl: S124-129.

Maloisel F, Andrés E, Zimmer J, Noel E, Zamfir
A, Koumarianou A, Dufour P. Danazol therapy in
patients with chronic idiopathic thrombocytopenic
purpura: long-term results. Am J Med 2004; 116:
590-594.

Qu S, XuZ,QinT,LiB, PanL, Chen J, Yan X, Wu
J, Zhang Y, Zhang P, Gale RP, Xiao Z. Ruxolitinib
combined with prednisone, thalidomide and dana-
zol in patients with myelofibrosis: Results of a pilot
study. Hematol Oncol 2022; 40: 787-795.

Andic N, Gunduz E, Akay OM, Sahin D, Teke H.
Cardiac and pulmonary thrombosis during multi-
drug treatment in an idiopathic thrombocytopenic
purpura patient. Platelets 2014; 25: 69-70.



