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ABSTRACT

Myeloproliferative neoplasms (MPN), classified as polycythemia vera (PV),
essential thrombocytosis (ET) and myelofibrosis (MF) are stem-cell derived disorders.
Mutations in either the januskinase-2 (JAK-2) or the calreticulin (CALR) gene are
characteristic for MPN and may result in enhanced proliferation of red blood cells,
white blood cells and platelets, and thus increase the risk for vascular events.

This study is a retrospective and descriptive analysis of records of patients,
who underwent treatment for myeloproliferative syndromes at the Department of
Hemato-Oncology of the University hospital Krems from 2008 to the end of 2015. Out
of 250 patients, who were suspected for MPN, 51 patients displayed a JAK-2 V617F
mutation. These were analyzed with regard to their blood values, gender, age at
diagnosis, therapy and vascular events before and after diagnosis (during therapy).
Of the 51 patients diagnosed with MPN and a JAK-2 V617F mutation, 33 suffered
from PV, 15 from ET and 3 from MF. More men than women were diagnosed with
MPN and the median age at diagnosis was 72 years. Acetylsalicylic acid, phlebotomy
and Hydroxyurea were the most frequent therapies applied. In our study cohort, the
most common vascular events were acute coronary syndrome and transitory ischemic
attack. Thromboembolic events were effectively reduced by MPN therapy while no
elevation in bleeding events could be observed.

INTRODUCTION

Myeloproliferative neoplasms (MPN)

Myeloproliferative  neoplasms (MPN) are
characterized as clonal hematopoietic stem cell diseases
with increased proliferation of one or more cell lines of
the myeloid lineages [1]. BCR-ABL-negative MPNs
can be differentiated in polycythemia vera (PV),
essential thrombocytosis (ET) and myelofibrosis (MF)
[1-2]. The incidence of MPN is about 6-10/100.000 [1].
Morphologically, MPN are defined by enhanced cellularity
of the bone marrow with increased hematopoiesis
of red blood cells (RBC), white blood cells (WBC)

or platelets (PLT) [3]. Recently, two gene mutations
leading to myeloproliferative disorders have been
identified: mutations in the Januskinase-2 (JAK-2) and
the calreticulin (CALR) gene [1-4]. The JAK-2 V617F
mutation is a hallmark for diagnosis of PV, ET and MF.
It triggers auto-phosphorylation of this protein without
binding of signaling molecules like erythropoietin (EPO),
thrombopoietin (TPO) or granulocyte colony-stimulating
factor (G-CSF) and thus leads to enhanced proliferation
of blood cells [2—5]. This results in a higher risk for
vascular events like thrombosis, myocardial infarction,
stroke or GI bleeding [4]. Brodmann et al. describe that
the number of vascular events, defined as the number of
vascular complications per 100 patient years, is 16.7 for
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patients with PV, 13.8 for MF and 7.5 for ET and thereby
significantly above the average of healthy people of the
same age [6].

In JAK-2 negative patients, mutations of the
calreticulin (CALR) gene are common [7] and also
lead to increased production of blood cells [8—10]. The
pathophysiological mechanisms of PV, ET and MF include
myeloproliferation of hematologic stem cells with changes
in bone marrow and the spleen [2]. Besides JAK-2 and
CALR mutations, also mutations in the myeloproliferative
leukemia (MPL) gene, which is encoding the
thrombopoietin receptor, were described in MPN patients
[11]. JAK-2 V617F activates signaling through the
EPO-receptor, the TPO-receptor as well as the G-CSF
receptor and can thus be associated with erythrocytosis,
thrombocytosis, and neutrophilia. CALR mutations mainly
activate the TPO-receptor and at lower levels the G-CSF-
receptor, leading to phenotypes with elevated PLT and
WBC [5]. Consequently, JAK-2 V617F can be found in
95% of PV patients, and 50-60% of ET and MF patients,
whereas CALR mutations can be identified in 20-25% of
ET and 25-30% of MF patients [5].

The classification of patients into one of the three
disease subtypes is important as clinical outcomes and life
expectancy differ greatly between the groups [1].

Different therapy options exist to reduce the rate of
vascular events: phlebotomy, thrombocyte aggregation
inhibitors, cytoreductive therapy with Hydroxyurea,
Anagrelide or Interferon-a, JAK-2 inhibition and
allogeneic stem cell transplantation [12—13].

Polycythemia vera (PV)

PV is (as described previously) a chronic
myeloproliferative neoplasm with enhanced proliferation
of blood cells independent of signaling molecules [4]. PV
is also characterized by erythrocytosis, thrombocytosis,
leukocytosis, splenomegaly, bleeding, microcirculatory
symptoms, pruritus and risk of leukemic or fibrotic
transformation [14]. Increased hematocrit and hemoglobin
values are characteristic for PV [12]. Due to the increased
hyperviscosity of the blood, the risk for thrombosis is
elevated [4]. The annual incidence of PV raises with
higher age and is about 0.4-2.8/100.000 per year [15]. The
median age at diagnosis is around 70 years [12, 16] with a
male predominance [17].

Diagnosis of PV requires the combination of
clinical investigation, laboratory testing and bone
marrow specimens, according to the 2016 WHO criteria
[14]. These criteria include hemoglobin and hematocrit
threshold values for the diagnosis of PV of 16.5g/
dL and 49% for men and 16g/dL and 48% for women,
respectively [14]. Enlargement of the spleen is also
an important diagnostic criterion [4, 18]. Moreover,
determination of erythropoietin (EPO) levels can be
helpful for differential diagnosis, as patients with lung
diseases and hypoxemia can also develop secondary

polyglobulia [19]. Here, the European Society for
Medical Oncology (ESMO) Guidelines regard sub-
normal sEPO levels in patients with elevated RBC as
minor diagnostic criterion [20].

Nearly all patients suffering from PV are diagnosed
with a mutation of the Januskinase-2 gene. Of these, 98%
display the JAK-2 V617F mutation; the remaining 2%
comprise of other JAK-2 mutations including exon 12
mutations [12, 14, 21]. JAK-2 exon 12-mutated PV is
more common in younger patients [12]. In patients with
a negative mutation analysis for JAK-2, mutations in the
calreticulin gene (CALR) have been reported [3, 9-10,
18]. The typical morphological features in bone marrow
specimens include trilineage hyperplasia with left shift and
pleomorphic megakaryocytic hyperplasia with atypical
features [12, 14].

The most common symptoms of PV are related
to hypertension and vascular problems caused by the
increased blood cell mass [18]. These symptoms include
plethora, pruritus, splenomegaly, weight loss, weakness
and sweating [4]. Furthermore, gout, hepatomegaly and
chest pain can occur as well [4, 12]. Venous and arterial
vascular events, like stroke, myocardial infarction or
thrombosis are common and can be the first signs of
expression of PV [18]. In general, spleen and liver
are the primarily affected organs, but any organ can be
damaged due to the high blood cell values and consecutive
circulatory disturbances [18, 22-23].

The major goal in PV treatment is to prevent
vascular events, without raising the risk of bleeding.
Thus, the type of treatment has to be chosen individually
based on the patient’s risk for vascular events [3, 14].
Patients suffering from PV can be distributed to two risk
groups: high-risk, including patients older than 60 years
or patients with a vascular event in their history, and low-
risk (younger than 60 years and no vascular event prior to
diagnosis) [14].

For low-risk patients, low-dose Acetylsalicylic
acid (ASA; range 40 mg/d-100 mg/d) has beneficial
effects in preventing venous and arterial thrombosis
[14, 24]. It could also be shown that low-dose ASA is
favorable with regard to microvascular disturbances like
headache, pruritus and tinnitus [14, 22, 25]. Patients who
are resistant to low-dose ASA or who are at a higher
risk for thrombosis should take ASA twice-daily instead
of once daily [14, 26]. Alternatively, other anti-platelet
drugs can be used in patients with resistance to ASA [14].
Furthermore, phlebotomies should be performed in both
risk groups in order to maintain hematocrit values below
45% [3, 14]. Cytoreductive drugs are not recommended
for low-risk patients [14].

As mentioned before, high-risk patients are
defined as older than 60 years and/or the presence of
any prior arterial or venous vascular event [14, 27]. The
recommended treatment algorithm for patients of the
high-risk category comprises low-dose ASA, phlebotomy
(again in order to maintain hematocrit values below 45%)
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and Hydroxyurea [14, 27]. Hydroxyurea further decreases
the risk of vascular events by keeping the PLT count in a
normal range, too [14]. It is suitable to use ASA twice a
day in high-risk patients suffering from arterial vascular
events [14, 26]. In contrast, for high-risk patients suffering
from venous vascular events, systemic anticoagulation
and once daily low-dose ASA is advised [14]. Patients
showing severe side effects or intolerant to Hydroxyurea
should be treated with Interferon-o [28], Busulfan [14] or
a JAK-2 inhibitor [24].

Essential thrombocytosis (ET)

Essential thrombocytosis (ET) is a subgroup of
MPN, which is characterized by an increased number of
platelets, enhanced megakaryocyte count in bone marrow
and higher risk for vascular events such as thrombosis
or bleeding events [1, 29]. The incidence of ET is
approximately 2.5/100.000 per year [30]. Most patients
with ET are diagnosed at an age of around 65 years [16]
and slightly more women than men are suffering from ET
[12, 16-17].

Since there is no known genetic or biological marker
specific for ET, other diseases linked with high PLT
counts, such as PV, MF, infectious diseases, hemorrhage
or other neoplasms must be excluded prior to the diagnosis
of ET [3, 14, 30]. Only 60-65% of all patients with ET
harbour a JAK-2 mutation [1, 31], but the World Health
Organization (WHO) describes a mutation of either JAK-
2 or the CALR gene as an important diagnostic hallmark
for ET [1, 14]. The diagnosis of ET is confirmed when
PLT counts are above 400 G/L, the bone marrow specimen
reveals atypical megakaryocytes and there is no other
myeloid neoplasm [1, 30].

At the time of diagnosis, most patients are
asymptomatic; some are diagnosed because of
vascular events or hemorrhages. Due to an increased
PLT count, microvascular events like ischemic attacks
and gangrene can occur, while thrombosis of the
big blood vessels can cause splenic or hepatic vein
thrombosis [22-23]. ET can be free of symptoms for a
long period of time, but it is a risk factor for vascular
events [2-3, 18, 30].

Again, the major treatment goal in ET is to reduce the
risk of vascular events [14, 31]. Patients suffering from ET
are administered into three risk-categories: very low risk
(patients younger than 60 years, no vascular event before,
no JAK-2 mutation), low risk (patients younger than 60
years, no vascular event before, JAK-2 mutation present)
and high risk (vascular event before or age older than 60
years with confirmed JAK-2 mutation) [14]. The treatment
algorithm for patients with ET is similar to the algorithm
of PV. Patients in the very low-risk group can be just
observed, while patients in the low-risk group are treated
with low-dose ASA once or twice daily [14, 32]. Patients
in the high-risk category should receive Hydroxyurea and
low-dose ASA as a first line treatment [14, 33].

Myelofibrosis (MF)

Myelofibrosis (MF) is the third subgroup of
MPN. It is characterized by enhanced proliferation of
megakaryocytes and granulocytes in the bone marrow
with variable degrees of cytopenias [1, 34], displacement
of fibrous connective tissue and extramedullary
hematopoiesis in the end stages of MF [1, 35]. The
incidence of MF is about 0.6/100.000 person-years [36];
the median age at diagnosis is 70 years [37] and both
genders suffer equally from MF [35].

In 60-65% of MF patients, JAK-2 mutations
can be detected, which is also a major diagnostic
criterion according to the WHO [1, 14]. There can be a
progression from a prefibrotic phase (preMF), which
shows histologically similarities to ET by hypercellular
bone marrow with megakaryocytic proliferation. Amongst
other discrimination criteria, in ET megakaryocytes are
enlarged and mature, whereas megakaryocytes in preMF
usually display atypia and are accompanied by reticulin or
collagen fibrosis [38].

Many organs can function as sites of extramedullary
hematopoiesis in the fibrotic phase like the spleen, liver,
lymph nodes, kidneys, dura mater, GI tract, lung and
pleura [39]. Symptoms of MF include fatigue, weakness,
splenomegaly weight loss, bleeding, night sweats, fever
and bone pain [40].

The major cause of death is bone marrow failure and
therefore, allogeneic stem cell transplantation is the only
curative treatment option for MF [3].

Aims

As patients with MPN have an increased risk,
prevention of vascular events is the main therapy goal in
patients with MPN. Therefore, our study determined and
analyzed vascular events (as listed in Table 1) in our MPN
patient cohort before diagnosis and during therapy.

RESULTS

Table 2 gives an overview of all patients, which
were examined for myeloproliferative syndromes. The
total number of electronic health records was 250 with a
gender distribution of 152 (60.8%) men and 98 (39.2%)
women. All patients were tested for mutations of the JAK-
2 gene. 14 patients were additionally tested for mutations
in the CALR gene. 51 (20.4%) patients displayed a
mutation of JAK-2 V617F (Figure 1). By contrast, no
patient with CALR mutations was identified.

General characteristics of all patients with MPN
are shown in Table 3. As shown in (Figure 2), 33 patients
(13.2% of all tested) suffered from PV, 15 (6.0%) patients
were diagnosed with ET and 3 (1.2%) patients were
diagnosed with MF.

In our MPN patient cohort, gender distribution was
shifted towards male sex. In the subgroup of PV 24 men
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Table 1: List of investigated vascular events

Arterial events Venous events

Bleeding events

Acute coronary syndrome
Transitory ischemic attack

Embolic insult

Deep vein thrombosis

Pulmonary embolism

Haemorrhagic insult

Gastrointestinal bleeding

Mesenteric vein thrombosis

and 9 women were diagnosed. 10 men and 5 women were
identified for ET, while 2 male and 1 female patients were
suffering from MF (Figure 3).

The median age at diagnosis was 72; in detail 71
years for patients with PV, 74 for patients with ET and 73
for patients with MF (Figure 4).

Table 2 also shows the difference in laboratory
values among patients with MPN.

Patients diagnosed with PV presented at first
diagnosis with median Hct values of 52.5%, patients with
ET with 39.9% and MF with 32.0% (Figure 5A). The
median number of RBC was elevated in patients with PV
(6.2 T/1), within in the normal range in patients with ET
(4.4 T/1) and decreased in patients with MF (3.4 T/1; Figure
5B). The different values of PLT (G/1) in patients with MPN
are shown in Figure 5C; here, patients with PV had median
PLT values of 453.0, patients with ET 808.5 and with MF
161.0. For WBC (G/1) PV patients displayed median values
of 13.5, ET patients 11.1 and MF patients 6.5 (Figure 5D).

The different treatment options applied in our patient
cohort are presented in Table 4. 24 (72.7%) of all patients
with PV were treated with phlebotomies, 28 (84.8%)
patients took ASA as a daily therapy and 25 (75.8%) were
treated with Hydroxyurea. 5 (15.2%) patients suffering
from PV received Interferon-alpha and no one underwent
stem cell transplantation. Furthermore, 6 (18.2%) people
were treated with Anagrelide and 1 patient with Ruxolitinib.

In the subgroup of ET, ASA was frequently
applied, too. 11 (73.3%) patients received ASA, whereas
10 (66.7%) patients got Hydroxyurea. Anagrelide was
administered to 7 (46.7%) patients with ET.

One patient (33.3%) suffering from myelofibrosis (n
= 3) received Acetylsalicylic acid as treatment.

As depicted in Table 5, differences in the rate of
vascular events before and after diagnosis were observed in
patients with MPN: before the diagnosis of PV, 7 (21.2%)
patients suffered from an acute coronary syndrome (ACS),
whereas after diagnosis/during therapy these events could
be reduced to 3 (9.1%). A transitory ischemic attack (TIA)
occurred in 2 (6.1%) patients before and in one patient
(3.0%) after the diagnosis. Other events that could be
seen in one patient were: deep vein thrombosis (DVT)
and pulmonary embolism (PE) before and DVT, PE,
mesenteric vein thrombosis (MVT) and embolic insult
after the diagnosis of PV. Moreover, two patients (6.1%)
endured a hemorrhagic insult before diagnosis, an event
that was not seen under specific therapy. Additionally,
two patients presented with gastrointestinal (GI) bleeding
before and after diagnosis of PV.

In the ET subgroup one patient (6.7%) suffered
from an ACS, one from a TIA, one from a PE and one
experienced a hemorrhagic insult before diagnosis. Under
treatment only one further event occurred: one patient
developed a second PE. The most frequent vascular event

All patients tested

51 (20.4%)

m JAK-2 neg.

199 (79.6%)

m JAK-2 pos.

Figure 1: JAK-2 mutation analysis of all suspected MPN patients; n = 250.
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Table 2: Overview of all patients tested

All patients tested
Patients; n (%) 250 (100)
Male sex; n (%) 152 (60.8)
Female sex; n (%) 98 (39.2)
JAK-2 pos. (%) 51(20.4)
JAK-2 neg. (%) 199 (79.6)
CALR pos. 0
in our patients with ET, however, was mesenteric vein DISCUSSION

thrombosis prior to diagnosis (n =2, 13.3%)).

None of our ET patients experienced an embolic
insult, DVT or GI bleeding neither before nor after
diagnosis of ET. No vascular event was reported in the
small subgroup of MF patients.

Table 6 gives an overview on the correlation
between the type of medication and specific vascular
events during therapy in patients with MPN. The biggest
reduction in vascular events could be seen in the groups
treated with phlebotomies, ASA and Hydroxyurea.
However, in these groups the rate of GI bleeding was
higher than before treatment.

In Anagrelide-treated patients (n = 13), one of each
of the following events could be observed: ACS, TIA,
Embolic Insult, DVT, PE and MVT. Under Interferon-
alpha treatment one PE and one MVT could be observed.
Considering Ruxolitinib, also 1 ACS, 1 Embolic Insult, 1
DVT and 1 GI bleeding occurred.

In our observational period of 8 years, 250 patients with
suspicious blood cell counts were tested for mutations of JAK-
2. 51 (20.4%) patients displayed a JAK-2 V617F mutation
(Figure 1). Among the negative patients, 14 were additionally
tested for mutations in the CALR gene. Here, no mutations
could be found. This relatively small number is due to the
fact that CALR mutations have been described to be linked to
MPN in 2013 only [9-10] and thus screening was established
in our clinical routine only afterwards (from 2014 on).

In our JAK-2 positive patient cohort, we could detect a
gender distribution shifting towards men: of the 51 patients,
36 men (70.6%) but only 15 women (29.4%) were diagnosed.
Compared with other patient cohorts, this shift is high; for
instance a German registry shows more or less equal gender
distribution with 51% male MPN patients [41] and also an
US-American observational study found only a small overlap
of male patients (16332 compared to 15572 female ones) [37].

Number of patients with MPN

2

35
30
25
20
15
10

5

0
PV (13.2%)

mNumber 33

ET (6.0%)
15

MF (1.2%)
3

Figure 2: Number of patients with MPN distributed to the three disease subtypes.
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Table 3: General characteristics of all patients with MPN at diagnosis

Patients with MPN PV ET MF Normal range
Patients; n total (% of
all patients tested) 51(20.4) 33 (13.2) 15 (6.0) 3(1.2)
Male sex; n (% of all
patients tested) 36 (14.4) 24 (9.6) 10 (4.0) 2(0.8)
Female sex; n (% of all
patients tested) 15 (6.0) 9(3.6) 5(2.0) 1(0.4)
Age at diagnosis
(years); median (min- 72.0 (40-88) 71 (40-88) 74 (53-84) 73 (72-82)
max)
Hematocrit (%); 46.25 (27.9-64.0) 52.5 (31.8-64.0) 39.9(29.745.2) 32.0(27.9-41.4) 35-45.5
median (min-max) n=46 n=30 n=13 n=3
RBC (T/1); median 5.3(3.3-8.0) 6.2 (3.7-8.0) 4.4 (3.74.9) 3.4(3.342) 3.85-5.2
(min-max) n =46 n=29 n=14 n=3
Platelets (G/1); median 513.0 453.0 (150.0-1001.0) 808.5 (506.0— 161.0 (99.0-360.0) 160-370
(min-max) (99.0-1441.0) n=30 1441.0) n=3

n=47 n=14

WBC (G/1); median 11.7 (5.5-30.8) 13.5 (7.8-30.8) 11.1 (7.5-22.5) 6.5(5.5-7.3) 3.6-10.5
(min-max) n=47 n=30 n=14 n=3

Divided by subgroups, out of the 51 patients, 33
(64.7%) patients suffered from PV, 15 (29.4%) from
ET and 3 (5.9%) from MF (Figure 2). Again here, in all
subgroups, male patients were more frequent. For PV, the
ratio was 24:9 (2.67:1), for ET 10:5 (2:1) and for MF 2:1
(Figure 3). A male predominance in PV is known from
the literature [17], although not to such an extent. For
ET, reports state that slightly more women than men are
affected [12, 16-17]. Here, our patient cohort displays
a complete opposite finding. Concerning MF, literature
describes that both genders suffer equally [35]. Again
here, our patient cohort showed another distribution

pattern; however, our numbers for MF are particularly
small. Concluding gender disparities, we could not
identify a possible influencing factor yet; however, we
plan to further observe this shift, which could diminish
with a larger sample.

The median age at diagnosis was 72 years (Table
2, Figure 4), which is in line with other european and
international data [12, 16, 37, 41].

Differences in laboratory values were also observed
at the time of diagnosis. Disease-typical differences could
be observed in the values of RBC (T/1), PLT (G/1) and
WBC (G/1; Figure 5): median hematocrit for all MPN

Gender distribution

25
20
15
10
5
0

PV
24

9

m Male
mFemale

E I MF
10 2
5 1

m\lale mFemale

Figure 3: Number of patients with MPN distributed by disease subgroup and gender. Bars represent the numbers of patients

distributed to PV, ET and MF divided by gender.
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Table 4: Frequency of different treatments in patients with MPN

PV ET MF
Phlebotomy; n (%) 24 (72.7) 0 0
Acetylsalicylic acid, n (%) 28 (84.8) 11 (73.3) 1(33.3)
Hydroxyurea; n (%) 25 (75.8) 10 (66.7) 0
Ruxolitinib; n (%) 1(3.0) 0 0
Interferon alpha; n (%) 5(15.2) 2 (13.3) 0
Anagrelide; n (%) 6 (18.2) 7 (46.7) 0
Stem cell transplantation; n (%) 0 0

patients was 46.25%; 52.5% was the median for PV, 39.9%
for ET and 32.0% for MF. Large differences could also be
observed in platelet values at diagnosis; 513 G/I was the
median value for all patients with MPN: patients suffering
from PV were diagnosed with a median value of 453 G/I,
patients with ET had 809 G/1 and patients diagnosed with
MF displayed a median platelet value of 161 G/I. These
differences are pathognomonic for the three different
clinical groups. Spleen size at the time of diagnosis was
not evaluated in our study as this information could
unfortunately not be found in the majority of patients’
records at the time of first diagnosis, but was used as
disease progression parameter at later time points.

We also depicted the frequency of different
treatments in patients with MPN (Table 4). Due to the long
clinical course and disease progression, often multiple
treatment options and drugs were applied in one patient.
Summarizing, the applied treatment strategy for high
risk PV patients was: as first line treatment Phlebotomies
and Acetylsalicylic Acid. If Het values could not be kept
under 45%, patients below 70 years of age and without
any signs of depression in their medical history received
Interferon-a. Alternatively, patients received Hydroxyurea
or if Thrombocytosis was the leading symptom Anagrelid.
Patients who were intolerant or resistant to Hydroxyurea
received Interferon-o during the course of treatment.

Age at diagnosis

p=0.74

p=0.98

p=0.82

90
80
70
60
50

Years

30
20
10

0 T

Qx\

T
& &

Figure 4: Age at diagnosis of patients with MPN. Whiskers show the range from minimum to maximum age.
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Table 5: Number of vascular events before and after diagnosis in patients with MPN

PV ET MF
Before After Before After Before After

Acute coronary syndrome; 7 (%) 7(21.2) 3.1 1(6.7) 0 0 0
Transitory ischemic attack; n (%) 2 (6.1) 1(3.0) 1(6.7) 0 0 0
Embolic insult; 7 (%) 0 1(3.0) 0 0 0 0
Deep vein thrombosis; 7 (%) 1(3.0) 1(3.0) 0 0 0 0
Pulmonary embolism; 7 (%) 1(3.0) 1(3.0) 1(6.7) 1(6.7) 0 0
Mesenteric vein thrombosis; 7 (%) 0 1(3.0) 2 (13.3) 0 0 0
Hemorrhagic insult; n (%) 2 (6.1) 0 1(6.7) 0 0 0
Gastrointestinal bleeding; n (%) 2 (6.1) 2(6.1) 0 0 0 0

As second line treatment Ruxolitinib was applied. This
treatment strategy can be seen in Figure 6A.

The majority of patients with PV were treated with
phlebotomies (72.7%) and/or ASA as a daily therapy
(84.8%). Phlebotomies were performed to maintain
hematocrit values below 45%. As mentioned above, if this
goal could not be reached constantly, patients received
Hydroxyurea. This escalation had to be performed in

75.8% of all our PV patients. For patients younger than
70 years or patients who became resistant or intolerant
to Hydroxyurea, the therapy of choice in our cohort was
Interferon-o, which was the case for 5 patients (15.2%).
Furthermore, 6 patients (18.2%) received Anagrelide,
a therapy which has been controversially discussed in
PV recently, due to possibly increased risk of arterial
thrombosis, major bleeding and fibrotic progression [14].

RBC at diagnosis
A Hct values at diagnosis B p =0.0021
p =0.001 =
- p<00001 _P=056
p<0.0001 _P=059 -
70+ 91
604 a
7-
50+ 6 ”
A 4= * 2
30 i . s
20-
2+
10+ 1=
C T T L] c L} L] L}
@ ¢ & Q& & &
C PLT at diagnosis D WBC at diagnosis
p=0.14 p =0.055
p<0.0001 _P=0.0003 puo4 _P=02
1600+ —_—
14004 B
1200+
_ 1000+ _ 20- .
G 800 o o
600~ »
10+
400+
C ) 0 T T L]
& Q ¢ &

Figure 5: Laboratory results of patients diagnosed with MPN. Values are displayed in percent; whiskers represent the range
from minimum to maximum values. (A) Hematocrit values in patients with MPN at diagnosis. (B) Red blood cell counts in patients with
MPN at diagnosis. (C) Platelet counts in patients with MPN at diagnosis. (D) White blood cell counts in patients with MPN at diagnosis.
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Table 6: Vascular events before and after diagnosis in patients with MPN grouped by treatment

Hemorrhagic

Medication ACS TIA Embolic insult DVT PE MVT insult GI bleeding
Before After Before After Before After Before After Before After Before After  Before After Before  After

Phlebotomy; n (%) 6(25.0) 3(12.5) 1(4.2) 0 0 1(4.2) 1(4.2) 1(4.2) 0 1(4.2) 0 1(42) 142 0 1(42) 2(8.3)

n=24

Acetylsalicylic acid; 7(17.5)  3(7.5) 3(7.5) 1(2.5) 0 1(2.5) 1(2.5) 125 12.5) 1(2.5) 1(2.5) 1(25) 1(25) 0 0 2(5.0)

n (%)

n=40

Hydroxyurea; n (%) 5(143)  3(8.6) 3(8.6) 0 0 1(2.9) 1(2.9) 129 19 1(2.9) 1(2.9) 1(29) 2(58) 0 1(29) 2(58)

n=35

Ruxolitinib; 7 (%) 0 1 (100) 0 0 0 1(100) 0 1(100) 0 0 0 0 0 0 0 1 (100)

n=1

Interferon alpha; n (%) 0 0 1(14.3) 0 0 0 1(14.3) 0 0 1(14.3) 0 1(14.3) 0 0 1(14.3) 0

n=17

Anagrelide; n (%) 1(7.7) 1(7.7) 1(7.7) 1(7.7) 0 1(7.7) 0 1(7.7) 0 1(7.7) 0 1(7.7) 0 0 0 1(7.7)

n=13

Stem cell 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

transplantation; 7 (%)

n=0

Only 1 patient received therapy with the JAK-2 inhibitor
Ruxolitinib. This relatively small number is due to the fact,
that Ruxolitinib was approved by the European Medicines
Agency (EMA) only in 2013 [42].

None of our patients underwent stem cell
transplantation; this is on one hand due to the fact, that at the
University hospital Krems no stem cell transplantations are
performed, and thus patients are referred to other hospitals.
On the other hand, allogeneic stem cell transplantation
is regarded in MPN patients only as a therapy option for
certain severe cases or after treatment failure [12].

In the disease subgroup of ET, 73.3% of all patients
received ASA to reduce the risk of thrombotic events.
Furthermore, 66.7% were treated with Hydroxyurea as
cytoreductive therapy and 46.7% received Anagrelide
to decrease thrombocyte numbers. This treatment
algorithm (graphically depicted in Figure 6B) follows
again international guidelines, although Anagrelide is
controversially discussed in this indication too [14].

In the small subgroup of MF, one patient was
prescribed ASA, while the other 2 patients did not receive
specific treatment. This was due to high age and multiple

A PV

“lowrik [l bign i

Phlebotomy
Acetylsalicylic Acid
Interferon-a
Hydroxyurea
Anagrelid
L 4
2nd Line:
Ruxolitinib

Phlebotomy
Acetylsalicylic Acid

Figure 6: Overview of applied treatment strategies.

co-morbidities, therefore, best supportive care (i.e. blood
transfusions, symptomatic therapy) was chosen instead.
Here, other registries, like the German SAL-MPN display
Hydroxyurea and Ruxolitinib as the most frequently
applied drugs in the treatment of MF [41].

In total, 21 vascular events were observed before
and 11 after diagnosis in patients with MPN, highlighting
the effectivity of our treatment.

In the PV subgroup, the most common vascular
complication before diagnosis was ACS with 21.2%.
This rate could be reduced to 9.1% during treatment.
Interestingly, embolic insults and mesenteric vein
thromboses (MVT) occurred only in patients after the
diagnosis of PV, however, the relatively small cohort size
could be an explanation for this phenomenon. As expected,
gastrointestinal bleedings were reported more frequently
under therapy, as GI bleedings are unfortunately common
side effects of antiplatelet drugs.

One case of each ACS, TIA, PE and hemorrhagic
insult (6.7%) was reported in patients with ET prior to
diagnosis. In contrast, just one case (6.7%) of PE was
observed after the diagnosis.

ET

ool hanr

Observation Acetylsalicylic Acid
Acetylsalicylic Acid Interferon-a
Hydroxyurea
Anagrelid
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No vascular events were detected in patients
suffering from MF, however one has to bear in mind that
this patient subgroup was particularly small (n = 3).

We also investigated the correlation between the
type of therapy and the specific vascular complications
before and after diagnosis of MPN. 25.0% of all patients
(n = 24) suffering from MPN had an ACS before the
diagnosis, while only 12.5% experienced an ACS during
the therapy with phlebotomies. This underlines the
protective effect of phlebotomies in patients with MPN.
There was also a decrease in the number of ACS during
the treatment with ASA: 17.9% had an ACS before the
diagnosis, whereas only 7.7% suffered from an ACS
after diagnosis and initiation of treatment. Phlebotomy
and ASA also decreased the number of TIA and other
vascular complications in comparison to before diagnosis.
However, it is important to note that 20 of the 40 patients
treated with T-ASS already received this treatment prior to
their MPN diagnosis due to other co-morbidities.

In our study, treatment with Interferon-a (n = 7)
increased the number of PE, MVT and other vascular
events (14.3%) from before to after diagnosis, while the
number of TIA, DVT and GI bleeding was reduced under
treatment with Interferon-a. 5 people (14.3%) suffered
from ACS before the diagnosis, while only 3 patients
(8.6%) experienced an ACS under the treatment with
Hydroxyurea (n = 35). Hydroxyurea could also decrease
the number of TIA, hemorrhagic insult and other vascular
events, however, it increased the quantity of embolic insult
(2.9%) and GI bleeding (5.8%).

1 patient (7.7%) suffered from an ACS and a
TIA before the diagnosis and during the treatment with
Anagrelide (n = 13). Embolic insult, DVT, PE, MVT and
GI bleeding were only reported during Anagrelide therapy,
but not before the diagnosis, which reflects the controversial
debate about Anagrelide [14] in our patient cohort as well.

Stem cell transplantations were not performed at the
University hospital Krems, therefore this therapy option
could not be well analyzed for vascular complications.

Furthermore, we could not fully assess the length,
the strength and the combination effects of different
therapies, which were applied to one patient. Also, co-
morbidities like diabetes mellitus, arterial hypertension
or other risk factors, that favor vascular events, such as
smoking, should be considered as biases and could not be
displayed in our analysis.

However, a strength of our study is the defined
patient cohort and the relatively long observational period.

In conclusion, the major therapy goal for MPN
patients is to reduce the risk of vascular events, which
could be achieved in the investigated patient cohort.
Some further points should be addressed and observed
in future studies: the carcinogenicity of Hydroxyurea
and Anagrelide should be tested to see if there is
propagation in the progression to myelodysplastic
syndromes or leukemia and the relatively new drug

Ruxolitinib has to be observed and evaluated in long
time clinical use.

MATERIALS AND METHODS

Patients and clinical data

This study is a retrospective and descriptive
analysis of records of patients, who underwent treatment
for myeloproliferative syndromes at the Department of
Hemato-Oncology of the University hospital Krems, from
2008 to the end of 2015. It aims to determine the number
of patients experiencing a vascular event (listed in Table
1) before diagnosis and after diagnosis (during therapy),
respectively. Furthermore, the different therapy types were
compared with respect to vascular complications in order
to evaluate their therapeutic benefits and risks.

The registry was approved by the Ethics Committee
of Lower Austria in June 2016 (GS4-EK-4/360-2016),
after the content and structure of the study was presented
and discussed at an Ethics Committee meeting in St.
Polten.

Inclusion criteria were the following: confirmed
diagnosis of MPN with a mutation of either JAK-2 or
CALR gene in patients, who have been treated at the
University hospital Krems since 2008 and were older than
18 years of age. Exclusion criterion was age under 18.

Screening of eligible patients was performed
among all persons that were tested for the respective
gene mutations at the University hospital Krems. The
clinical data set comprised 250 patients. After diagnosis
of MPN, patients were subsequently classified into the
3 disease subgroups (PV, ET and MF). Analyzed data
included gender, age, laboratory parameters, medication
and vascular events as listed in Table 1. To ensure privacy
of the patients, names were blinded with consecutive
numbers.

Molecular analysis

All patient samples were tested for the JAK-2
V617F mutation by Real-Time Polymerase Chain Reaction
(RT-PCR; OncoReal JAK2 V617F Real-Time PCR Assay,
Ingenetix, Vienna, Austria). From 2014 on, additional
testing for CALR mutations was performed; here, Exon
9 of the CALR gene was tested for Deletion 52bp und
Insertion 5bp also by means of RT-PCR (OncoReal CALR
Type 1 & 2 Assay, Ingenetix, Vienna, Austria).

Statistical analysis

Clinical data was analyzed with Microsoft Excel,
Microsoft Word (Version 15.30) and GraphPad Prism
(Version 7.0b).

Parameters analyzed and involved in the study:
1. Demographic Data: a. Age at diagnosis, b. Sex. 2.
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Disease-specific parameters: a. Haematocrit at diagnosis,
b. Number of red blood cells (RBC), white blood cells
(WBC) and platelets (PLT) at diagnosis. 3. Specific
therapy: a. Type of specific therapy, b. Vascular events
before diagnosis (elevated from anamnesis), c. Vascular
events after diagnosis/during therapy, d. Vascular events
grouped by specific therapy.
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Acetylsalicylic acid; CALR: Calreticulin; DVT: Deep
vein thrombosis; EMA: European Medicines Agency;
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Myeloproliferative neoplasm; MVT: Mesenteric vein
thrombosis; PCR : Polymerase Chain Reaction; PE:
Pulmonary embolism; PLT: Platelets; preMF: Prefibrotic
Myelofibrosis; PV: Polycythemia vera; RBC: Red blood
cells; RT-PCR: Real-Time Polymerase Chain Reaction;
T/1: Tera per liter (10'? cells per liter); TIA: Transitory
ischemic attack; TPO: Thrombopoietin, WBC: White
blood cells; WHO: World Health Organization.

Declaration

This work is the bachelor’s thesis of Sarah
Hintermair, submitted in April 2017 at the Karl Landsteiner
University of Health Sciences entitled “Evaluation of
vascular events in patients with myeloproliferative
syndromes and mutations of either the januskinase-2 or
calreticulin gene at the university hospital Krems since
2008’ under the supervision of Josef Singer, MD, PhD.

ACKNOWLEDGMENTS

The authors would like to thank all members of the
hemato-oncological team of the Department of Internal
Medicine 1II for fruitful discussions, especially Gudrun
Kreye, MD, Sonia Vallet, MD and Klaus Podar, MD, PhD
for critical reading of the manuscript.

Moreover, we would like to express our gratitude to
Irene Handler, MBA for providing valuable information
about the test procedure at LK Wiener Neustadt.

Last but not least, we would also like to thank Judit
F. Singer, MSc for critical reading of the manuscript.

CONFLICTS OF INTEREST

All authors declare that there is no conflicts of
interest with regard to this publication.

FUNDING

The authors received no specific funding for this
work.

REFERENCES

1. Geyer JT, Orazi A. Myeloproliferative neoplasms (BCR-ABL1
negative) and myelodysplastic/myeloproliferative neoplasms:
current diagnostic principles and upcoming updates. Int J Lab
Hematol. 2016; 38:12-9. https://doi.org/10.1111/ij1h.12509.

2. Tefferi A, Vainchenker W. Myeloproliferative neoplasms:
molecular pathophysiology, essential clinical understanding,
and treatment strategies. J Clin Oncol. 2011; 29:573-82.
https://doi.org/10.1200/JC0O.2010.29.8711.

3. Spivak JL. Myeloproliferative Neoplasms. N Engl J Med.
2017, 376:2168-81. https://doi.org/10.1056/NEJMra1406186.

4. Stuart BJ, Viera AJ. Polycythemia vera. Am Fam Physician.
2004; 69:2139-44.

5. Vainchenker W, Kralovics R. Genetic basis and molecular
pathophysiology of classical myeloproliferative neoplasms.
Blood. 2017; 129:667-79. https://doi.org/10.1182/
blood-2016-10-695940.

6. Brodmann S, Passweg JR, Gratwohl A, Tichelli A, Skoda
RC. Myeloproliferative disorders: complications, survival
and causes of death. Ann Hematol. 2000; 79:312-8.

7. Bilbao-Sieyro C, Florido Y, Gomez-Casares MT. CALR
mutation characterization in myeloproliferative neoplasms.
Oncotarget. 2016; 7:52614-7. https://doi.org/10.18632/
oncotarget.10376.

8. Broseus J, Park JH, Carillo S, Hermouet S, Girodon F.
Presence of -calreticulin mutations in JAK2-negative
polycythemia vera. Blood. 2014; 124:3964—6. https://doi.
org/10.1182/blood-2014-06-583161.

9. Klampfl T, Gisslinger H, Harutyunyan AS, Nivarthi H, Rumi
E, Milosevic JD, Them NC, Berg T, Gisslinger B, Pietra D,
Chen D, Vladimer GI, Bagienski K, et al. Somatic mutations
of calreticulin in myeloproliferative neoplasms. N Engl J Med.
2013; 369:2379-90. https://doi.org/10.1056/NEJMoal311347.

Nangalia J, Massie CE, Baxter EJ, Nice FL, Gundem G,
Wedge DC, Avezov E, Li J, Kollmann K, Kent DG, Aziz
A, Godfrey AL, Hinton J, et al. Somatic CALR mutations
in myeloproliferative neoplasms with nonmutated JAK2. N
Engl J Med. 2013; 369:2391-405. https://doi.org/10.1056/
NEJMoal312542.

Grinfeld J, Nangalia J, Green AR. Molecular determinants
of pathogenesis and clinical phenotype in myeloproliferative
neoplasms. Haematologica. 2017; 102:7—17. https://doi.
org/10.3324/haematol.2014.113845.

Tefferi A, Barbui T. Essential Thrombocythemia and
Polycythemia Vera: Focus on Clinical Practice. Mayo Clin
Proc. 2015; 90:1283-93.

Geyer HL, Mesa RA. Therapy for myeloproliferative
and how? Blood.

10.

11.

12.

13.

neoplasms: when, which agent,

www.impactjournals.com/oncotarget

8460

Oncotarget



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2014; 124:3529-37.
blood-2014-05-577635.
Tefferi A, Barbui T. Polycythemia vera and essential
thrombocythemia: 2017 update on diagnosis, risk-
stratification, and management. Am J Hematol. 2017;
92:94-108. https://doi.org/10.1002/ajh.24607.

Moulard O, Mehta J, Fryzek J, Olivares R, Igbal U,
Mesa RA. Epidemiology of myelofibrosis, essential

https://doi.org/10.1182/

thrombocythemia, and polycythemia vera in the European
Union. Eur J Haematol. 2014; 92:289-97. https://doi.
org/10.1111/ejh.12256.

Abdulkarim K, Samuelsson J, Johansson P, Andreasson
B. Risk factors for vascular complications and treatment
patterns at diagnosis of 2389 PV and ET patients: Real-
world data from the Swedish MPN Registry. Eur J
Haematol. 2017; 98:577-83. https://doi.org/10.1111/

ejh.12873.

Geyer HL, Kosiorek H, Dueck AC, Scherber R, Slot S,
Zweegman S, Te Boekhorst PA, Senyak Z, Schouten HC,
Sackmann F, Fuentes AK, Hernandez-Maraver D, Pahl HL, et
al. Associations between gender, disease features and symptom
burden in patients with myeloproliferative neoplasms: an
analysis by the MPN QOL International Working Group.
Haematologica. 2017; 102:85-93. https://doi.org/10.3324/
haematol.2016.149559.

Tefferi A, Pardanani A. Myeloproliferative Neoplasms: A
Contemporary Review. JAMA Oncol. 2015; 1:97-105.
Schneider F, Braess J, Feuring-Buske M, Hiddemann W,
Spiekermann K. [Elevated Hemoglobin--polyglobulia or
polycythemia?]. [Article in German]. MMW Fortschr Med.
2007; 149:40-1, 43.

Vannucchi AM, Barbui T, Cervantes F, Harrison C, Kiladjian
JJ, Kroger N, Thiele J, Buske C. Philadelphia chromosome-
negative chronic myeloproliferative neoplasms: ESMO
Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2015; 26: v85-99. https://doi.
org/10.1093/annonc/mdv203.

Passamonti F, Maffioli M, Caramazza D, Cazzola M.
Myeloproliferative neoplasms: from JAK2 mutations
discovery to JAK2 inhibitor therapies. Oncotarget. 2011;
2:485-90. https://doi.org/10.18632/oncotarget.281.

Michiels JJ, Berneman Z, Schroyens W, Koudstaal PJ,
Lindemans J, Neumann HA, van Vliet HH. Platelet-
mediated erythromelalgic, cerebral, ocular and coronary
microvascular ischemic and thrombotic manifestations in
patients with essential thrombocythemia and polycythemia
vera: a distinct aspirin-responsive and coumadin-resistant
arterial thrombophilia. Platelets. 2006; 17:528—44.

Bellucci S, Michiels JJ. The role of JAK2 V617F mutation,
spontaneous erythropoiesis and megakaryocytopoiesis,
hypersensitive platelets, activated leukocytes, and
endothelial cells in the etiology of thrombotic manifestations
in polycythemia vera and essential thrombocythemia.
Semin Thromb Hemost. 2006; 32:381-98. https://doi.
org/10.1055/s-2006-942759.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Griesshammer M, Gisslinger H, Mesa R. Current and future
treatment options for polycythemia vera. Ann Hematol. 2015;
94:901-10. https://doi.org/10.1007/s00277-015-2357-4.
Landolfi R, Marchioli R, Kutti J, Gisslinger H, Tognoni G,
Patrono C, Barbui T. Efficacy and safety of low-dose aspirin
in polycythemia vera. N Engl J Med. 2004; 350:114-24.
Tefferi A. Myeloproliferative neoplasms: A decade of
discoveries and treatment advances. Am J Hematol. 2016;
91:50-8. https://doi.org/10.1002/ajh.24221.

Gerds AT, Dao KH. Polycythemia Vera Management and
Challenges in the Community Health Setting. Oncology.
2017; 92:179-89. https://doi.org/10.1159/000454953.
Lane SW, Mullaly A. Jak2V617F myeloproliferative
neoplasm stem cells and interferon-alpha. Oncotarget. 2013;
4:500—1. https://doi.org/10.18632/oncotarget.986.

Rumi E, Cazzola M. Diagnosis, risk stratification, and
response evaluation in classical myeloproliferative
neoplasms. Blood. 2017; 129:680-92. https://doi.
org/10.1182/blood-2016-10-695957.

Chuzi S, Stein BL. Essential thrombocythemia: a review of
the clinical features, diagnostic challenges, and treatment
modalities in the era of molecular discovery. Leuk
Lymphoma. 2017; 58:2786-98. https://doi.org/10.1080/10
428194.2017.1312371.

Barbui T, Barosi G, Birgegard G, Cervantes F, Finazzi
G, Griesshammer M, Harrison C, Hasselbalch HC,
Hehlmann R, Hoffman R, Kiladjian JJ, Kroger N, Mesa
R, et al. Philadelphia-negative classical myeloproliferative
neoplasms:  critical concepts and management
recommendations from European LeukemiaNet. J
Clin Oncol. 2011; 29:761-70. https://doi.org/10.1200/
JCO.2010.31.8436.

Alimam S, Wilkins BS, Harrison CN. How we diagnose
and treat essential thrombocythaemia. Br J Haematol. 2015;
171:306-21. https://doi.org/10.1111/bjh.13605.

Rumi E, Cazzola M. How I treat essential thrombocythemia.
Blood. 2016; 128:2403—14. https://doi.org/10.1182/
blood-2016-05-643346.

Zahr AA, Salama ME, Carreau N, Tremblay D, Verstovsek
S, Mesa R, Hoffman R, Mascarenhas J. Bone marrow
fibrosis in myelofibrosis: pathogenesis, prognosis and
targeted strategies. Haematologica. 2016; 101:660-71.
https://doi.org/10.3324/haematol.2015.141283.

Turlo A, Cattaneo D. Treatment of Myelofibrosis: Old and
New Strategies. Clin Med Insights Blood Disord. 2017,
10:1179545X17695233.

Visser O, Trama A, Maynadie M, Stiller C, Marcos-Gragera
R, De Angelis R, Mallone S, Tereanu C, Allemani C,
Ricardi U, Schouten HC. Incidence, survival and prevalence
of myeloid malignancies in Europe. Eur J Cancer. 2012;
48:3257-66.

Srour SA, Devesa SS, Morton LM, Check DP, Curtis
RE, Linet MS, Dores GM. Incidence and patient survival
of myeloproliferative neoplasms and myelodysplastic/
myeloproliferative neoplasms in the United States, 2001-12.

www.impactjournals.com/oncotarget

8461

Oncotarget



38.

39.

Br J Haematol. 2016; 174:382-96. https://doi.org/10.1111/
bjh.14061.

Buhr T, Hebeda K, Kaloutsi V, Porwit A, Van der Walt J,
Kreipe H. European Bone Marrow Working Group trial
on reproducibility of World Health Organization criteria to
discriminate essential thrombocythemia from prefibrotic
primary myelofibrosis. Haematologica. 2012; 97:360-5.
https://doi.org/10.3324/haematol.2011.047811.

Yamamoto K, Miwa Y, Abe-Suzuki S, Abe S, Kirimura
S, Onishi I, Kitagawa M, Kurata M. Extramedullary
the function of the
hematopoietic stem cell niche (Review). Mol Med Rep.
2016; 13:587-91. https://doi.org/10.3892/mmr.2015.4621.

hematopoiesis:  Elucidating

40.

41.

42.

Bryan JC, Verstovsek S. Overcoming treatment challenges
in myelofibrosis and polycythemia vera: the role of
ruxolitinib. Cancer Chemother Pharmacol. 2016; 77:1125—
42.

Kaifie A, Kirschner M, Wolf D, Maintz C, Hanel M,
Gattermann N, Gokkurt E, Platzbecker U, Hollburg W,
Gothert JR, Parmentier S, Lang F, Hansen R, et al. Bleeding,
thrombosis, and anticoagulation in myeloproliferative
neoplasms (MPN): analysis from the German SAL-MPN-
registry. J Hematol Oncol. 2016; 9:18.

Barosi G, Rosti V, Gale RP. Critical appraisal of the role
of ruxolitinib in myeloproliferative neoplasm-associated
myelofibrosis. Onco Targets Ther. 2015; 8:1091-102.

www.impactjournals.com/oncotarget

8462

Oncotarget



