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Background/Aims: Recent changes in the diagnostic criteria for myeloprolifer-
ative neoplasms (MPNs) and increasing patient numbers necessitate updating of
the data on vascular events in patients with such disorders.

Methods: In this single-center study, thrombotic and hemorrhagic events were
retrospectively analyzed in patients diagnosed with essential thrombocythemia
(ET), polycythemia vera (PV) prefibrotic/early primary myelofibrosis (pre-PMF), or
PMF, based on the 2016 World Health Organization diagnostic criteria.

Results: Of a total of 335 consecutive patients (139 ET, 42 pre-PMF, 124 PV, and 30
PMF patients; 192 males and 143 females) of median age 64 years (range, 15 to 91),
112 (33.4%) experienced a total of 126 thrombotic events before diagnosis, at the
time of diagnosis, or during follow-up over a median of 4.6 years (range, 0.1 to
26.5). Cerebrovascular thrombosis (18.8%) was the most common initial event,
followed by coronary heart disease (10.1%) and splanchnic (1.5%) and peripheral
thrombosis (1.5%). Arterial thrombosis was more common than venous thrombo-
sis (31.3% vs. 2.1%, respectively; p = 0.001). Thrombosis was most frequent in PV
patients (39.5%), followed by patients with pre-PMF (38.1%), ET (30.9%), and PMF
(13.3%). Of the 112 patients who experienced thromboses, 53 (47%) and 39 (33.9%)
had thrombotic events before and at the time of MPN diagnosis, respectively.
Twenty-seven patients (8.1%) experienced 29 hemorrhagic events, of which gastro-
intestinal bleeding (n = 20) was the most common.

Conclusions: Most thrombotic events occurred before or at the time of diagnosis,
and the prevalence of arterial thrombosis was markedly higher than that of ve-
nous thrombosis in patients with MPN.

Keywords: Myeloproliferative neoplasm; Thrombocythemia, essential; Polycythe-
mia vera; Thrombosis; Hemorrhage

INTRODUCTION

Thrombosis and hemorrhage

manifestations of Philadelphia chromosome-negative
myeloproliferative neoplasms (Ph- MPNs). It is well-
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known that arterial thrombosis is more common than
venous thrombosis and that a significant proportion of
are the main clinical thrombotic and hemorrhagic events occur before or at
the time of MPN diagnosis [1]. The relevant reports have

differed somewhat in terms of the percentages of throm-
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botic types and the timing of the events [2]. Apart from
MPN, regional or ethnic differences in the incidence of
thrombosis, including ischemic stroke and acute cor-
onary syndrome (ACS), have been reported in general
populations [3,4]. Thus, region- and race-specific data on
thrombosis and hemorrhage in patients with MPNs are
essential to manage these disorders more effectively. Al-
though a few studies on thrombosis and hemorrhage in
Korean MPN patients have appeared [5-7], the available
information on vascular events is rather limited.

The diagnostic criteria for Ph- MPNs have been con-
tinuously revised [8-11]. Notably, the diagnostic thresh-
olds of hemoglobin and hematocrit for polycythemia
vera (PV) and that of platelet counts for essential throm-
bocythemia (ET) have been lowered considerably, and
prefibrotic/early primary myelofibrosis (pre-PMF) has
been defined more clearly in the diagnostic criteria pro-
posed by the World Health Organization (WHO) [11].
Thus, some patients with early ET diagnoses are now
classified as pre-PMF or PV patients [12-16], which ne-
cessitates the revision of early data on vascular events
associated with MPNs. In addition, the number of newly
diagnosed MPN patients is increasing in Korea [17-19),
attributable, at least in part, to the changes in diagnos-
tic criteria and widespread studies of driver gene mu-
tations, strengthening the need to update the data on
vascular events in patients with these disorders. In this
retrospective study, we analyzed thrombotic and hem-
orrhagic events in a Korean population of patients with
MPNs diagnosed on the basis of the 2016 WHO criteria.

METHODS

Patients

Patients who were diagnosed with ET, PV, pre-PMF, or
primary myelofibrosis (PMF) from January 1996 to July
2020 at Chungnam National University Hospital were
enrolled, and their medical records were reviewed. In
patients diagnosed with ET prior to 2017, the diagnosis
was revised based on the revised diagnostic criteria pro-
posed by the WHO in 2016.

Definitions of thrombotic and hemorrhagic events

Thrombotic events included cerebrovascular (isch-
emic stroke, transient ischemic attack, and venous si-
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nus thrombosis), coronary (any ischemic heart disease,
including ACS), splanchnic, and peripheral thrombo-
embolism. Atherosclerosis obliterans was included in
analysis. Hemorrhagic events were defined as any acute
bleeding requiring red cell transfusion or admission. All
events that occurred before, at the time of, and after di-
agnosis were included in the analysis.

Statistical analysis

Descriptive data are presented as mean + standard de-
viation, median (range), or percentages, and were com-
pared using Student’s t test or the chi-square test (Fish-
er’s exact test). To derive the cumulative probabilities of
thrombosis and hemorrhage, and for survival analysis,
Kaplan-Meier plots were drawn and analyzed using the
log-rank test. Univariate and multivariate analyses of
factors associated with the cumulative probabilities of
thrombosis and hemorrhage were performed with the
aid of Cox’s proportional hazard analysis. Overall surviv-
al was defined as the time from MPN diagnosis to death
from any cause. All statistical analyses were performed
with SPSS software version 24.0 (IBM Co., Armonk, NY,
USA), and p < 0.05 was taken to indicate statistical sig-
nificance.

Ethics statement

This study was approved by the Institutional Review
Board of Chungnam National University Hospital (IRB
No. CNUH 2020-01-027). The need for informed patient
consent was waived given the retrospective nature of the
analysis.

RESULTS

Patient characteristics

A total of 335 patients (139 ET, 42 pre-PMF, 124 PV, and
30 PMF; 192 male and 143 female) with a median age of
64 years (range, 15 to 91) were enrolled. They were fol-
lowed up for a median of 4.6 years (range, 0.1 to 26.5).
ET patients diagnosed before 2017 (designated as ‘early
ET’ hereafter) were reviewed and their diagnoses revised
based on the 2016 WHO diagnostic criteria. Of 129 ‘early
ET’ patients, 32 (24.8%) and 11 (8.5%) were re-classified as
pre-PMF and PV patients, respectively. Palpable spleno-
megaly was most frequent in PMF (46.7%), followed by
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Table 1. Patient characteristics

The Korean Journal of Internal Medicine Vol. 36, No. 5, September 2021

Characteristic ET (n=139) pre-PMF (n = 42) PV (n =124) PMF (n =30)
Age, yr 64 (15-88) 63 (22—-88) 64.5(18-091) 68.0 (40-86)
Female:Male 69:70 19:23 45179 10:20
Palpable splenomegaly o 2(4.8) 9(7.3) 14 (46.7)
Laboratory findings

WBC, x 10°/L 11.1£45 14.5 £10.4% 153£7.2 13.4£11.0

Monocytes, x 10°/L 0.6 0.4 0.8 £ 0.4* 0.7%0.4 1.0+0.8

Hemoglobin, g/dL 13.6+2.2 13.0+2.8 18.2+2.7 10.2+2.5

Platelets, x 10°/L 949.6 £385.4 1,000.9 + 746.0% 510.8 + 288.1 414.7 £327.6

LDH, x UNL 1.1+045 1.5+ 0.7° 1.4+045 2.1+1.6
Driver gene mutation

JAK2V617F 80/117 (68.4) 23/32 (71.9) 104/113 (92.0) 14/22 (63.6)

CALR 14/117 (12.0) 4/32 (12.5) - 5/22 (22.7)

MPL 0/12 (0.0) 0/3 (0.0) - 0/3 (0.0)

JAKz exoni2 - - 5/113 (4-4) -
IPSET

Low 43 (30.9) - - -

Intermediate 42 (30.2) - - -

High 54 (38.8) : 5 -
IPSS

Low - 23(54.8) - 5(16.7)

Intermediate-1 - 15 (35.7) - 8(26.7)

Intemediate-2 g 3(7.2) = 11 (36.7)

High - 1(2.4) - 6 (20.0)
Comorbidity

Hypertension 50 (36.0) 21 (50.0) 73 (58.9) 10 (33.3)

Diabetes mellitus 19 (13.7) 9 (21.4) 30 (24.2) 7(23.3)

Chronic kidney disease 21 (15.1) 9 (21.4) 29 (23.4) 3(10.0)

Smoking 24 (17.3) 12.(28.6) 50 (40.3) 3(10.0)
Treatments

Cytoreductive treatment 104 (74.8) 32(83.3) 107 (86.3) 16 (53.3)

Aspirin 134(96.4) 38(90.1) 116 (93.5) 11 (36.7)
FU, mo 46.1(0.3—289.3) 58.1(0.4-269.5) 76.6 (0.3-317.9) 40.2 (0.8-236.8)

Values are presented as median (range), number (%), or mean + SD.

ET, essential thrombocythemia; pre-PMF, prefibrotic/early primary myelofibrosis; PV, polycythemia vera; PMF, primary
myelofibrosis; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit; JAK2, Janus kinase 2; CALR,
calreticulin; MPL, myeloproliferative leukemia; IPSET, International Prognostic Score in Essential Thrombocythemia; IPSS,
International Prognostic Scoring System; FU, follow-up.

p = 0.05 compared with ET.

PV (73%), and pre-PMF (4.8%) patients. No ET patient
exhibited palpable splenomegaly. The white blood cell,

drogenase level of pre-PMF patients, were higher than
those of ET patients (145 + 10.5 x 109/L vs. 11.1 % 4.5 X

monocyte, and platelet counts, and the lactate dehy- 109/L; 0.8 + 0.4 X 10%/L vs. 0.6 £ 0.4 X 109/L; 1,000.9 % 746.0
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x 10%/L vs. 949.6 % 385.4 x 109/L; 1.5 £ 0.7 x the upper nor-
mal limit [UNL] vs. 1.1 + 0.5 x UNL, respectively; all p <
0.05). The Janus kinase mutation (JAK2V617F) mutation
was most common in PV (92.0%) patients, followed by
pre-PMF (71.9%), ET (68.4%), and PMF (63.6%) patients.
The calreticulin (CALR) mutation was most frequent in
PMF patients (22.7%), followed by pre-PMF (12.5%) and
ET (12.0%) patients. ET patients were evenly distribut-
ed among the International Prognostic Scoring in Es-
sential Thrombocythemia (IPSET) risk groups. Most
pre-PMF patients were in the low (54.8%) or interme-
diate-1 (35.7%) risk groups based on the International
Prognostic Scoring System (IPSS); more PMF patients
belonged to the intermediate-2 (36.7%) or high (20.0%)
risk groups. Cytoreductive therapy was most commonly
prescribed for PV patients (86.3%), followed by pre-PMF
(83.3%), ET (74.8%), and PMF (53.3%) patients. Most pa-
tients were placed on low-dose aspirin across all MPN
subtypes other than PMF (Table 1).

Thrombotic events

Of the 335 patients, 112 (33.4%) experienced a total of 126
thrombotic events. Cerebrovascular thrombosis (n = 63,
18.8%) was the most common initial event, followed by
coronary heart disease (n = 34, 10.1%) and splanchnic (n
=5, 1.5%) and peripheral thrombosis (n = 5, 1.5%). Arte-
rial thrombosis was predominant compared to venous
thrombosis (n = 105, 313% vs. n = 7, 21%, respective-
ly; p = o.001). Thrombotic events were most frequent
in PV patients (39.5%), followed by pre-PMF (38.1%),
ET (30.9%), and PMF (13.3%). Ischemic stroke was the
most common initial event across MPN subtypes oth-
er than PMF (23.4% in PV, 19.0% in pre-PMF, 12.9% in
ET, and 0% in PMF). ACS was the next most common
event (5.6% in PV, 2.4% in pre-PMF, 7.2% in ET, and
6.7% in PMF). Deep vein thrombosis occurred in only
two (0.6%) patients (Table 2). Of the 112 patients who
experienced thrombotic events, 53 (47%) and 39 (33.9%)
experienced them before and at the time of MPN diag-
nosis, respectively; thus, only 21 (18.8%) patients experi-
enced thrombotic events after MPN diagnosis (Table 3).
The cumulative probabilities of thrombosis for PV and
pre-PMF patients tended to be higher than that for ET
patients, but statistical significance was lacking (10-year
probability 48% for PV and 48% for pre-PMF patients
vs. 35% for ET patients, p = 0.358, p = 0.433; respectively).
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The probability of thrombosis for PMF patients (10-year
probability 13%) was lower than those for PV (p = 0.043)
or pre-PMF (p = 0.046) patients (Fig. 1A). The cumulative
probability of thrombosis for ‘early ET” patients tended
to be slightly higher than that for 2016 WHO-defined
ET patients, but the difference was not statistically sig-
nificant (10-year probability 40% vs. 35%, respectively; p =
0.608) (Fig. 1B). The cumulative probability of thrombo-
sis for pre-PMF patients in the IPSS intermediate-1 risk
group was significantly higher than that for patients in
the low-risk IPSS group (5-year probability 63% vs. 23%,
respectively; p = 0.008) (Fig. 1C). With regard to throm-
bosis occurring after MPN diagnosis, the cumulative
probability of thrombosis for PV patients tended to be
higher than for other MPN subtypes, but the differenc-
es were not statistically significant (10-year probability =
20% for PV vs. 10% for ET vs. 3% for pre-PMF vs. 0% for
PMF, p = 0.172) (Supplementary Fig. 1).

Hemorrhagic events

Of the 335 patients, 27 (8.1%) experienced 29 hemorrhag-
ic events. Gastrointestinal bleeding (n = 20, 6.0%) was
the most common initial event, followed by soft tissue
bleeding (n = 4, 1.2%), central nervous system bleeding (n
=2, 0.6%), and genitourinary bleeding (n =1, 0.3%) (Table
2). Of the 27 patients, 12 (44.4%) experienced hemorrhage
after MPN diagnosis (Table 3). The cumulative probabil-
ities of hemorrhage were similar among the MPN sub-
types (Fig. 1D).

Clinical features of MPN patients experiencing and
not experiencing thrombotic events

ET patients with thrombosis were older (67.6 + 12.8 years
Vs. 57.2 * 15.2 years, respectively; p = 0.000), predominant-
ly male (66.7% vs. 43.3%, respectively; p = o.011), and ex-
hibited higher positivity for JAK2V617F (81.3% vs. 63.5%,
respectively; p = 0.045) compared to those without (Table
4). No differences were observed in demographic fea-
tures or laboratory findings between PV patients with
and without thrombosis (Table 5). Pre-PMF patients
with thromboses were older (69.1 + 9.2 years vs. 54.7 + 16.2
years, respectively; p = 0.002) and presented with lower
platelet counts at diagnosis (867.7 + 354.0 x 109/L vs. 1,241
+483.0 x 109/L, respectively; p = 0.011) than those without
thromboses (Table 6). PMF patients with thromboses
were older (77.3 3.3 years vs. 63.1 + 12.6 years, respective-
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Table 2. Thrombotic and hemorrhagic events

The Korean Journal of Internal Medicine Vol. 36, No. 5, September 2021

Variable ET(n=139) pre-PMF@n=42) PV (n=124) PMF (n =30) Total (n = 335)
Initial thrombotic event
Cerebrovascular
Stroke 18 (12.9) 8(19.0) 29 (23.4) o 55 (16.4)
TIA 4(2.9) 2(4.8) 1(0.8) o 7(2.1)
VST 1(0.7) o o o 1(03)
Any 23 (16.5) 10 (23.8) 30(24.2) o 63 (18.8)
Coronary
ACS 10 (7. 1(2.4) 7(5.6) 2.(6.7) 20 (6.0)
Other 5(3. (7.2 40 2(6.7) 14(4.2)
Any 15 (10.8) 4(95 1 4(13.4) 34 (10.1)
Splanchnic
Arterial 1(0.7) o o o 1(0.3)
Venous o 1(2.4) 3(2.4) o 4(1.2
Any 1(0.7) 1(2.4) 3(2.4) o 5(1.5)
Peripheral
Arterial 1(0.7) 0 2 (1.6) o 3(0.9)
Venous o 1(2.4 1(0.8) o 2.(0.6)
Any 1(0.7) 1(2.4 3(2.4) o 5(1.5)
Atherosclerosis obliterans 3(2.2 o 1(0.8) o 4(1.2)
Total 43(30.9) 16 (38.1) 49 (39.5) 4(13.3) 112 (33.4)
Vessels involved in initial thrombotic events
Arterial 42 (30.2) 14 (33.3) 45 (36.3) 4(13.3) 105 (31.3)
Venous 1(0.) 2(4.8) 4(3.2) o 7(2.1)
Any 43(30.9) 16 (38.1) 49 (39.5) 4(133) 112 (33.4)
Pooled thrombotic events
Cerebrovascular
Stroke 21 8 35 o 64
TIA 4 2 1 o 7
VST 1 o o o 1
Coronary
ACS 11 1 9 2 23
Others 7 3 2 17
Splanchnic
Arterial 1 o) o o 1
Venous o 1 3 o 4
Peripheral
Arterial o o 3 o
Venous o 1 1 o 2
Atherosclerosis obliterans 3 o 1 o 4
Total 48 16 58 4 126
Initial hemorrhagic event
CNS 1(0.7) o 1(0.8) o 2(0.6)
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Variable ET(n=139) pre-PMF@n=42) PV (n=124) PMF (n =30) Total (n = 335)
Gastrointestinal 6(4.3) 4(9.5) 10(9.1) o 20(6.0)
Genitourinary 1(0.7) o o o 1(0.3)
Soft tissue 1(0.7) o 2 (1.6) 1(33 4(1.2)
Total 9(6.5) 4(9:5) 13 (10.5) 1(33 27(8.1)

Pooled hemorrhagic events
CNS 1 o 2 o 3
Gastrointestinal 6 4 11 o 21
Genitourinary 1 o o o 1
Soft tissue 1 o 2 1 4
Total 9 4 15 1 29

Values are presented as number (%).

ET, essential thrombocythemia; pre-PMF, prefibrotic/early primary myelofibrosis; PV, polycythemia vera; PMF, primary my-
elofibrosis; TIA, transient ischemic attack; VST, venous sinus thrombosis; ACS, acute coronary syndrome; CNS, central ner-

vous system.

Table 3. Timing of thrombotic and hemorrhagic events

Variable ET(n=139) pre-PMF(n=42) PV (n=124) PMF (n =30) Total (n = 335)
Thrombotic events
Before diagnosis 22 (15.8) 8(19.0) 19 (15.3) 4(133) 53 (15.8)
At diagnosis 17 (12.2) 5(11.9) 16 (12.9) o 38 (11.3)
After diagnosis 4(2.9) 3(7.2) 14 (11.3) o 21(6.3)
Total 43(30.9) 16 (38.1) 49 (39.5) 4(133) 112(33.4)
Hemorrhagic events
Before diagnosis 4(2.9) 2.(4.8) 4(3.2) o 10 (3.0)
At diagnosis 1(0.7) 2.(4.8) 2.(1.6) o 5 (1.5)
After diagnosis 4(2.9) 0(0.0) 7(5.6) 1(33 12 (3.6)
Total 9(6.5) 4(9:5) 13 (105) 1(33 27(8.1)

Values are presented as number (%).

ET, essential thrombocythemia; pre-PMF, prefibrotic/early primary myelofibrosis; PV, polycythemia vera; PMF, primary my-

elofibrosis.

ly; p = 0.039) and exhibited less palpable splenomegaly
(0% vs. 53.8%, respectively; p = 0.044) than those without
thromboses (Table 7).

Risk factors for thrombosis and hemorrhage

Cox’s regression analysis of all MPN patients showed
that age > 6o years (hazard ratio [HR], 1.88; 95% con-
fidence interval [CI], 1.09 to 3.02; p = 0.022), male sex
(HR, 2.11; 95% CI, 1.29 t0 3.48; p = 0.003), and hyperten-
sion (HR, 2.05; 95% CI, 1.25 to 334; p = 0.004) were in-

https://doi.org/10.3904/kjim.2020.634

dependent risk factors for thrombosis (Table 8). In ET
patients, other independent risk factors were chronic
kidney disease (HR, 2.29; 95% CI, 1.14 to 4.57; p = 0.018)
and smoking (HR, 2.40; 95% CI, 1.26 to 4.58; p = 0.008)
(Supplementary Table 1); and, for pre-PMF patients,
IPSS intermediate-1 risk versus low risk status (HR, 3.63;
95% CI, 1.25 t0 10.66; p = 0.019) (Supplementary Table 2).
No other independent risk factors for thrombosis were
found in PV patients (Supplementary Table 3). The re-
sults of Cox’s regression analyses seeking risk factors
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Figure 1. Cumulative probabilities of thrombosis and hemorrhage. (A) The probabilities of thrombosis in patients with the
various myeloproliferative neoplasm (MPN) subtypes. (B) The probabilities of thrombosis in patients for whom essential
thrombocythemia (ET) was diagnosed before 2016 (‘Early ET’) versus those whose diagnoses were revised based on the 2016
World Health Organization (WHO) diagnostic criteria (2016 WHO ET"). (C) The probabilities of thrombosis in patients with
prefibrotic/early primary myelofibrosis (pre-PMF) by their International Prognostic Scoring System (IPSS) risk scores. (D) The
probabilities of hemorrhage in patients with the various MPN subtypes. PV, polycythemia vera; PMF, primary myelofibrosis;

NA, not available.

for thrombosis occurring after MPN diagnosis (n = 335)
identified chronic kidney disease as the only indepen-
dent risk factor (HR, 2.51; 95% CI, 1.05 to 6.04; p = 0.040)
(Supplementary Table 4). In the analysis of thrombosis
occurring after ET' diagnosis (n = 139), chronic kidney
disease was again the only independent risk factor (HR,
9.02; 95% CI, 1.86 t0 43.84; p = 0.006) (Supplementary Ta-
ble 5). Male sex (HR, 4.57; 95% CI, 1.32 to 9.68; p = 0.012)
was the only risk factor for hemorrhage, as indicated by
univariate analysis of all MPN patients (Supplementary
Table 6).

1196 www.kjim.org

Overall survival

Overall survival differed among the MPN subtypes, be-
ing fair for ET and PV, poor for pre-PMF, and worst for
PMF patients (20-year survival: 79% of ET, 81% of PV,
63% of pre-PMF, and 55% of PMF patients, p = 0.005) (Fig.
2). Thrombosis did not affect overall survival across the
MPN subtypes; a modest tendency toward poorer over-
all survival was evident in ET, PV, and pre-PMF patients
with than without thromboses (Supplementary Fig. 2).
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Table 4. Clinical features of essential thrombocythemia patients experiencing and not experiencing thrombotic events

Variable With TE (n = 42) Without TE (n = 97) p value
Age, yr 67.6 £12.8 57.2 £15.2 0.000
Male sex 28 (66.7) 42 (43.3) 0.011
Laboratory findings
WBC, x 10°/L 11.5+4.8 10.9 4.4 0.508
Monocytes, x 10°/L 0.7£0.45 0.6+03 0.061
Hemoglobin, g/dL 13.8+1.8 12.5+2.3 0.437
Platelets, x 10°/L 979.0 £387.9 936.6 £388.0 0.555
LDH, x UNL 1.1+ 03 1.2+ 0.5 0.667
Driver gene mutation
JAK2V617F 26/32 (81.3) 54/85 (63.5) 0.045
CALR 2/32(6.3) 12/85 (14.1) 0.058
IPSET 0.000
Low 1(2.4) 42 (43:3)
Intermediate 4(9-5) 38(39.2)
High 54 (88.1) 17 (175)
R-IPSET-T 0.000
Very low 1(2.4) 21(21.6
Low 0(0.0) 25(25.8
Intermediate 1(2.4) 7(7.2)
High 36 (857) 33(34.0)
Comorbidity
Hypertension 24 (57.1) 26(26.8) 0.001
Diabetes mellitus 5(11.9) 14 (14.4) 0.690
Chronic kidney disease 15 (35.7) 6(6.2) 0.000
Smoking 14(333) 10 (10.3) 0.001
Hemorrhagic event 2(4.8) 7(7.2) 0.723
Follow-up duration, yr 5.6 £5.8 6.2+5.9 0.570

Values are presented as mean + SD or number (%).

TE, thrombotic event; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit; JAK2, Janus kinase 2;
CALR, calreticulin; IPSET, International Prognostic Score in Essential Thrombocythemia; R-IPSET-T, revised IPSET-throm-
bosis score.

DISCUSSION

The prevalence, types, and times of occurrence of
thrombosis (but not hemorrhage) that we report in the
present study differ from those of previous studies in
the West. A recent meta-analysis of 13,436 patients (49%
ET, 35% PV, and 14% MF patients) reported pooled prev-
alence of (overall) thrombosis in 28.6%, 20.7%, and 9.5%
of patients newly diagnosed with PV, ET, and PMF, re-
spectively [2]. The prevalence of thrombotic events that

https://doi.org/10.3904/kjim.2020.634

we report here is somewhat higher than reported previ-
ously. Geographic and/or ethnic differences may be in
play. In addition, we broadened the definition of throm-
botic events to include (especially) coronary vascular
disease; this may have affected the prevalence. Many
previous studies included only ACS (acute myocardi-
al infarction and unstable angina) in the definitions of
thrombotic coronary vascular disease; other ischemic
heart diseases were excluded [2,5,20]. Recent studies
have indicated that coronary microvascular function is
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Table 5. Clinical features of polycythemia vera patients experiencing and not experiencing thrombotic events

Variable With TE (n = 48) Without TE (n = 76) pvalue
Age, yr 64.8+12.8 60.4+14.8 0.091
Male sex 33(68.8) 46 (60.5) 0354
Palpable splenomegaly 3(6.3) 6(7.9) 0.731
Laboratory findings
WBC, x 10°/L 15.8+ 8.5 14.9+63 0.492
Monocyte, x 10°/L 0.8+o045 07+03 0.124
Hemoglobin, g/dL 17.7£3.0 18.4+23 0.140
Platelet, x 10°/L 544.2 +347.3 490.2 * 244.8 0325
LDH, x UNL 1.4+ 0.6 13+0.6 0.849
Driver gene mutation
JAK2V617F 36/39(92.3) 59/67 (88.1) 0.449
JAKz exoni2 1/39 (2.6) 4/67 (6.0) 0.648
Comorbidity
Hypertension 20 (62.5) 44 (57.9) 0.611
Diabetes mellitus 15 (31.3) 15 (19.7) 0.145
Chronic kidney disease 10 (20.8) 21 (27.6) 0394
Smoking 21 (43.8) 29 (38.2) 0.536
Hemorrhagic event 7(14.6) 6(7.9) 0.236
Follow-up duration, yr 7.2 +5.7 8.2+06.45 0344

Values are presented as mean + SD or number (%).

TE, thrombotic events; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit; JAK2, Janus kinase 2.

impaired even in MPN patients lacking ischemic heart
disease [21] and that driver gene mutations, especially
JAK2VG617F, induce vascular endothelial cell dysfunction
[22-24] and may contribute to the development of ath-
erosclerosis. Therefore, it seems reasonable to define all
ischemic heart diseases, unless they are associated with
underlying heart disorders, as thrombotic coronary vas-
cular events. This is what we did, possibly contributing
(at least in part) to the higher prevalence of thrombotic
events.

Most previous studies focused principally on vascular
events occurring after MPN diagnosis, which may have
given rise to erroneous, overall pooled prevalence and
lifetime risks of MPN-associated events. We included all
thrombotic events occurring soon before, at the time of]
and after diagnosis of MPN, which may contribute to the
higher prevalence of events that we report. Most previ-
ous studies found that about one-third (up to two-thirds
in a few studies) of all thrombotic events occurred before

1198 www.kjim.org

or at the time of MPN diagnosis [1,2,20]; most studies
were performed in the West. In one study reporting that
38.1% of 239 Korean ET patients experienced thrombo-
hemorrhagic events, 64.8% of the events occurred before
or at the time of MPN diagnosis [6]. In another study
reporting that 33.4% of 102 Korean MPN patients (69
with ET and 33 with PV) experienced coronary vascular
or cerebrovascular, arterial thrombotic events; 51.5% of
all events occurred before or at the time of MPN diagno-
sis. Unlike previous reports, we found that 81% of initial
thrombotic events occurred soon before MPN diagnosis
or at the time of diagnosis. These results highlight the
importance of early MPN detection, in addition to ap-
propriate management after diagnosis. The results may
have been at least partly due to our hospital running a
Regional Cardio-Cerebrovascular Center designated by
the Korean Ministry of Health and Welfare for the past
10 years, such that recruited more patients with vascular
events to this study.
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Table 6. Clinical features of prefibrotic/early primary myelofibrosis patients experiencing and not experiencing thrombotic

events
Variable With TE (n = 16) Without TE (n = 26) p value
Age, yr 69.1+9.2 54.7£16.2 0.002
Male sex 10 (62.5) 13 (50.0) 0.429
Palpable splenomegaly 1(6.3) 1(3.8) 0.722
Laboratory findings
WBC, x10°/L 11.4+5.1 16.3+12.3 0.140
Monocytes, x 10°/L 0.9+ 05 0.7+05 0.130
Hemoglobin, g/dL 13.8+13 12.5+3.4 0.137
Platelets, x 10°/L 867.7 +354.0 1,241.1 + 483.0 0.011
LDH, x UNL 1.7+ 0.9 1.4+ 0.4 0.243
Driver gene mutation
JAK2V617F 9/12 (75.0) 14/21(66.7) 0.802
CALIR 1/12 (8.3) 2/21(9.5) 0.355
IPSS 0.005
Low 5(31.3) 18 (69.2)
Intermediate-1 11 (68.8) 4(15.4)
Intermediate-2 o 3(11.5)
High o 1(3.8)
Comorbidity
Hypertension 8(50.0) 13 (50.0) 1.000
Diabetes mellitus 4(25.0) 5(19.2) 0.658
Chronic kidney disease 4(25.0) 5(19.2) 0.658
Smoking 5(313) 7(26.9) 0.763
Hemorrhagic event o 4(15.4) 0.099
Follow-up duration, yr 7.0 £5.4 7.2+7.1 0.956

Values are presented as mean + SD or number (%).

TE, thrombotic events; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit; JAK2, Janus kinase 2;

IPSS, International Prognostic Scoring System.

Current models seeking to predict thrombosis in ET
patients were established by analyzing patient popu-
lations in whom large numbers of thrombotic events
occurred after MPN diagnosis [25-27]. In the revised
IPSET-thrombosis model, the risk factors for throm-
bosis are older age, JAK2VG617F-positivity, and a history
of thrombosis [27]. About two-thirds of all thromboses
occurred after MPN diagnosis in the patient population
analyzed when constructing this model, unlike what we
found. However, older age was indeed independently
predictive of thrombosis in all MPN patients. In patients
with ET, those who developed thromboses were some-

https://doi.org/10.3904/kjim.2020.634

what older and more often JAK2VG617F-positive than oth-
ers, but Cox’s regression analysis did not indicate that
older age or JAK2VG6iyF-positivity were independent
risk factors for thrombosis. This may be because most
thrombotic events of the present study occurred before
or at the time of diagnosis. A history of thrombosis was
shown not to predict future thrombosis in all patients
with MPNs, nor in patients with ET. Similarly, neither
older age nor JAK2VG617F positivity predicted thrombosis
after diagnosis. These results may have been due to the
relatively small number of patients and short follow-up
duration in a large proportion thereof. Therefore, fur-
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Table 7. Clinical features of primary myelofibrosis patients experiencing and not experiencing thrombotic events

Variable With TE (n = 4) Without TE (n = 26) pvalue
Age, yr 77.0 £33 63.1+12.6 0.039
Male sex 3 (75.0) 17 (65.4) 0.704
Palpable splenomegaly o 14 (53.8) 0.044
Laboratory findings
WBC, x 10°/L 10.8+ 6.0 13.8 £11.6 0.626
Monocytes, x 10°/L 1.2+13 0.9 0.7 0.513
Hemoglobin, g/dL 10.0+1.4 103+2.7 0.831
Platelets, x 10°/L 784.8 +565.8 357.5 £ 246.4 0.012
LDH, x UNL 1.5+ 0.2 2.2+1.7 0.463
Driver gene mutation
JAK2V617F 3/4(75.0) 11/18 (61.1) 0.362
CAIR 0/4 (0.0) 5/18 (27.8) 0.562
IPSS 0.543
Low o 5(19.2)
Intermediate-1 2(50.0 6(23.1)
Intermediate-2 2(50.0 9 (34-6)
High o 6(23.2)
Comorbidity
Hypertension 3(75.0) 7(26.9) 0.058
Diabetes mellitus 1(25.0 6(23.1) 0.933
Chronic kidney disease o 3 (11.5) 0.474
Smoking 0 3 (11.5) 0.474
Hemorrhagic event o 1(3.8) 0.867
Follow-up duration, yr 2.4+2.2 45%4.4 0.365

Values are presented as mean + SD or number (%).

TE, thrombotic event; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit; JAK2, Janus kinase 2;
CALR, calreticulin; IPSS, International Prognostic Scoring System.

ther studies are warranted.

Many studies have found that thromboses were more
common in PV than ET patients [1,2,20]. In the pres-
ent study, we observed a similar trend (PV vs. ET; 39.5%
vs. 30.9%); however, statistical significance was not at-
tained. In 2016, the WHO revised the classification of
MPNs, and pre-PMF became recognized as a separate
entity (distinct from ET). Over the past few years, several
studies have re-evaluated the clinical features of ET and
pre-PMF, because most pre-PMF patients were previ-
ously diagnosed with ET. A critical review of such works
found that pre-PMF usually exhibits distinct clinical
and hematological presentations, and a higher (com-
pared to ET) frequency of constitutional symptoms, but
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the thrombosis incidence does not differ significantly
from that of ET patients [28]. We found that somewhat
more pre-PMF than ET patients experienced throm-
boses (38.1% vs. 30.9%, respectively) but, again, the dif-
ference was not statistically significant, consistent with
recent observations. Thrombosis was significantly more
frequent in pre-PMF patients in the IPSS intermediate-1
risk group than the low risk group; active prevention is
required in such patients.

It is well known that arterial thrombosis is more com-
mon than venous thrombosis in MPN patients. The
meta-analysis cited above indicated that arterial throm-
bosis (pooled prevalence 16.2%: cerebrovascular 7.4%,
transient ischemic attack 3.5%, and coronary heart dis-
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Table 8. Cox’s regression analysis seeking risk factors for thrombosis in patients with myeloproliferative neoplasms (n = 335)

Univariate analysis Multivariate analysis

Variable

HR 95% CI pvalue HR 95% CI pvalue
Age > 60 years 1.76 1.16-2.66 0.008 1.62 1.06-2.49 0.027
Male sex 1.25 1.02-1.53 0.031 1.67 1.11-2.52 0.014
Palpable splenomegaly 0.48 0.18-1.30 0.146 - - -
WBC >12.0 x10°/L 1.28 0.87-1.89 0.207 - - -
Platelets > 1,000 x 10°/L 0.94 0.60-1.49 0.794 - - -
LDH >1.5x UNL 0.82 0.50-1.35 0.441 - - -
Positive for JAK2V617F 1.94 1.05-3.58 0.035 1.23 0.77-1.98 0.199
ET 0.91 0.61-1.35 0.634 - - -
Pre-PMF 1.37 0.75-2.16 0.681 - - -
PV 1.24 0.84-1.83 0.274 - - -
Hypertension 1.71 1.16-2.52 0.007 1.59 1.06-2.36 0.024
Diabetes mellitus 136 0.86-2.17 0.193 - - -
Chronic kidney disease 1.50 0.96-2.34 0.072 1.11 0.70-1.78 0.659
Smoking 1.66 1.11-2.48 0.013 136 0.87-2.13 0.181

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit; JAKz,
Janus kinase 2; ET, essential thrombocythemia; pre-PMF, prefibrotic/early primary myelofibrosis; PV, polycythemia vera.

sis was most common (10.1%), followed by ACS (9.0%),
and ischemic stroke (6.2%) [20]. Arterial thrombosis had
a far higher prevalence in our study than reported in the

08
cited work (31.3% vs. 2.1%, respectively). Notably, isch-

06 - emic stroke was more common than coronary vascular

— events, and deep vein thrombosis was rare, quite unlike

—
Pre-PMF
PMF an ET patients [6]. Geographic or ethnic differences may

Overall survival

04 Western studies but similar to a previous study in Kore-

02 | be in play, given that ischemic stroke is more prevalent

10-yr 0S: 91% vs. 92% vs. 84% vs. 55%

20-yr OS: 79% vs. 81% vs. 63% vs. 55%

p = 0.005

0 T T T T T T
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in Korea than in the West [3]. Interestingly, four of our

patients (three ET patients and one PV patient) present-

ed with atherosclerosis obliterans. The possible associa-
Years from diagnosis

tion of this condition with MPN has not been explored,
Figure 2. Overall survival (OS) of patients with the various
myeloproliferative neoplasm subtypes. ET, essential throm-
bocythemia; PV, polycythemia vera; pre-PMF, prefibrotic/
early primary myelofibrosis; PMF, primary myelofibrosis.

and any etiological relationship remains unclear. Given
the recent evidence that MPN affects vascular endothe-
lial cells and triggers atherosclerosis [22-24], we included
the condition in the pool of thrombotic vascular events.

Unlike our findings regarding thrombotic events,

ease 6.1%) was more common than venous thrombosis
(pooled prevalence 6.2%: deep vein thrombosis 3.4%,
splanchnic vein thrombosis 1.4%, pulmonary embolism
0.9%, and cerebral venous thrombosis 0.7%) [2]. A Ger-
man prospective study of 454 MPN patients reported
that 33.6% experienced thromboses; deep vein thrombo-

https://doi.org/10.3904/kjim.2020.634

the incidence and pattern of hemorrhagic events were
similar to those described in previous reports. In the
abovementioned meta-analysis, the pooled prevalence
of bleeding was 6.2%. The MPN subtype affected the
bleeding risk, which was highest in MF patients (8.9%),
followed by ET (7.3%) and PV (6.9%) patients. Bleeding
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was mucocutaneous, gastrointestinal, epitaxic, and post-
operative [2,20,29)].

As expected, the overall survival of pre-PMF patients
was significantly poorer than those of ET and PV pa-
tients. The overall survival of PMF patients was signifi-
cantly poorer than those of patients with other MPNs.
ET, PV, and pre-PMF patients with thromboses tend-
ed to exhibit poorer overall survival than those without
thromboses, but statistical significance was not attained.
Future studies with larger numbers of patients are re-
quired.

In summary, the pattern of thrombotic vascular
events in our study cohort differed from that in Western
countries in certain respects. Arterial thrombosis was
far more prevalent than venous thrombosis, ischemic
stroke was more common, and deep vein thrombosis
was much rarer. Notably, most thrombotic events oc-
curred before or at the time of MPN diagnosis, high-
lighting the importance of early MPN detection.

KEY MESSAGE

1. Arterial thrombosis was far more prevalent
than venous thrombosis, whereas deep vein
thrombosis was far less prevalent, than in the
West.

2. The cumulative probability of thrombosis in
patients with prefibrotic/early primary my-
elofibrosis was similar to that in patients with
essential thrombocythemia.

3. Most thrombotic events occurred before or at
the time of myeloproliferative neoplasm (MPN)
diagnosis, highlighting the importance of ear-
ly MPN detection.
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Supplementary Table 1. Cox’s regression analysis seeking risk factors for thrombosis in essential thrombocythemia (n = 139)

. Univariate analysis Multivariate analysis

Variable

HR 95% CI pvalue HR 95% CI pvalue
Age > 60 years 2.53 1.27-5.03 0.008 1.73 0.83-3.62 0.141
Male sex 2.04 1.08-3.89 0.029 1.53 0.73-3.22 0.262
WBC >12.0x10°/L 1.27 0.66-2.44 0.482 - - -
Platelet > 1,000 x 10°/L 0.98 0.52-1.84 0.943 - - -
Positive JAK2V617F 2.09 0.86—5.08 0.104 - - -
Hypertension 2.60 1.41—4.81 0.002 1.92 0.99-3.74 0.56
Diabetes mellitus 0.88 0.34-2.23 0.783 - - -
Chronic kidney disease 3.25 1.73—6.12 0.001 2.29 1.15—4.57 0.018
Smoking 2.59 136-4.94 0.004 2.40 1.26—4.58 0.008

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; JAK2, Janus kinase 2.
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Supplementary Table 2. Cox’s regression analysis seeking for risk factors for thrombosis in prefibrotic/early primary myelofi-

brosis (n = 42)

Univariate analysis

Multivariate analysis

Variable

HR 95% CI pvalue HR 95% CI pvalue
Age > 60 years 5.54 1.25-24.59 0.024 2.43 0.40-14.66 0.332
Male sex 1.56 0.57—4.32 0389 - - -
WBC >12.0x10°/L 0.83 0.31-2.23 0.709 - - -
WBC > 20.0 x107/L 0.55 0.07—4.18 0.565 -
Platelet > 1,000 x 10°/L 0.17 0.04-0.74 0.018 0.22 0.05-0.99 0.049
IPSS intermediate-1 4.68 1.61-23.57 0.004 3.63 1.24-10.66 0.019
Positive JAK2V617F 0.85 0.31—4.22 0.848 - - -
Hypertension 0.99 0.61-1.62 0.969 - - -
Diabetes mellitus 0.90 0.51-1.59 0.718 - - -
Chronic kidney disease 0.95 0.54-1.67 0.849 - - -
Smoking 0.85 0.50-1.45 0.550 - - -

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; IPSS, International Prognostic Scoring System; JAK2, Janus

kinase 2.

https://doi.org/10.3904/kjim.2020.634

www.kjim.org


www.kjim.org

KJ I MW The Korean Journal of Internal Medicine Vol. 36, No. 5, September 2021

Supplementary Table 3. Cox’s regression analysis seeking risk factors for thrombosis in polycythemia vera (n = 124)

Univariate analysis

Variable
HR 95% CI pvalue

Age > 60 years 1.51 0.83-2.71 0.183
Male sex 0.81 0.44-1.45 0.489
WBC >12.0x10°/L 1.04 0.50—2.16 0.914
Platelet > 450 x 10°/L 0.80 0.39-1.66 0.552
Positive JAK2V617F 132 0.75-2.38 0.351
Hypertension 0.92 0.69-1.23 0.583
Diabetes mellitus 2.04 1.09-3.82 0.026
Chronic kidney disease 0.91 0.45-1.83 0.784
Smoking 1.26 0.71-2.23 0.428

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; JAK2, Janus kinase 2.
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Supplementary Table 4. Cox’s regression analysis seeking risk factors for thrombosis occurring after diagnosis of myeloprolif-

erative neoplasms (n = 335)

Univariate analysis

Multivariate analysis

Variable

HR 95% CI pvalue HR 95% CI pvalue
Age > 60 years 1.20 0.49-2.93 0.697 - - -
Male sex 1.65 0.65—4.15 0.290 - - -
Palpable splenomegaly 0.57 0.07—4.45 0.595 - - -
WBC >12.0 x10°/L 0.64 0.25-1.61 0.344 - - -
Platelets > 1,000 x 10°/L 1.00 0.36-2.81 0.996 - - -
LDH >1.5x UNL 1.49 0.56-3.96 0.426 - - -
Positive for JAK2V617F 1.49 0.42-5.33 0.545 - - -
Prior thrombosis 1.61 0.63—4.14 0322 - - -
ET 0.81 9.33-1.98 0.639 - - -
Pre-PMF 0.19 0.02-1.50 0.116 - - -
PV 2.31 0.96-5.52 0.001 2.16 0.90-5.19 0.084
Hypertension 1.43 0.60-3.40 0.423 - - -
Diabetes mellitus 0.92 0.30-2.81 0.881 - - -
Chronic kidney disease 2.68 1.12-6.43 0.027 2.51 1.05-6.04 0.040
Smoking 1.32 0.52—3.34 0.565 - - -

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit;
JAKz2, Janus kinase 2; ET, essential thrombocythemia; pre-PMF, prefibrotic/early primary myelofibrosis; PV, polycythemia

vera.
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Supplementary Table 5. Cox’s regression analysis seeking risk factors for thrombosis occurring after diagnosis of essential

thrombocythemia (n = 139)

. Univariate analysis Multivariate analysis

Variable

HR 95% CI pvalue HR 95% CI pvalue
Age > 60 years 0.44 0.08-2.34 0.334 - - -
Male sex 0.73 0.16-3.38 0.685 - - -
WBC >12.0x10°/L 0.44 0.05-3.82 0.460 - - -
Platelet > 1,000 x 107/L 030 0.04-2.58 0.274 - - -
Positive JAK2V617F 1.90 0.20-17.57 0.574 - - -
Prior thrombosis 2.79 0.59-13.18 0.196 - - -
Hypertension 4.83 0.92—25.90 0.066 2.73 0.44-16.80 0.278
Diabetes mellitus 1.06 0.12—9.29 0.961 - - -
Chronic kidney disease 9.02 1.86-43.84 0.006 9.02 1.86-43.84 0.006
Smoking 0.79 0.09—6.88 0.831 - - -

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; JAK2, Janus kinase 2.

www.kjim.org https://doi.org/10.3904/kjim.2020.634


www.kjim.org

o
Song IC, et al. Vascular events in MPN KJ I MQ‘

Supplementary Table 6. Cox’s regression analysis seeking risk factors for hemorrhage in myeloproliferative neoplasm (n = 335)

Univariate analysis

Variable

HR 95% CI pvalue
Age > 60 years 1.26 0.54-2.76 0.625
Male sex 3.57 1.32-9.68 0.012
Palpable splenomegaly 0.46 0.06-3.50 0.450
WBC >12.0 x10°/L 0.69 0.32-1.51 0.351
Platelet > 1,000 x 10°/L 1.24 0.50—2.04 0.646
LDH >1.5x UNL 1.01 0.39—-2.60 0.983
Positive JAK2V617F 1.71 0.48-6.08 0.404
ET 0.69 0.30-1.57 0372
Pre-PMF 1.27 0.42-3.87 0.676
PV 1.65 0.75-3.63 0.215
PMF 037 0.05-2.83 0.338
Cytoreductive therapy 0.95 0.39-2.34 0.915
Hypertension 1.09 0.49-2.39 0.838
Diabetes mellitus 0.70 0.24-2.11 0.531
Chronic kidney disease 0.96 0.35-2.64 0.936
Smoking 2.03 0.90—4.56 0.087

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; LDH, lactate dehydrogenase; UNL, upper normal limit;
JAKz, Janus kinase 2; ET, essential thrombocythemia; pre-PMF, prefibrotic/early primary myelofibrosis; PV, polycythemia
vera; PMF, primary myelofibrosis.
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Supplementary Figure 1. Cumulative probabilities of throm-
bosis developing after diagnosis in patients with the various
myeloproliferative neoplasm subtypes. ET, essential throm-
bocythemia; PV, polycythemia vera; pre-PMF, prefibrotic/
early primary myelofibrosis; PMF, primary myelofibrosis.
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Supplementary Figure 2. Overall survival (OS) of patients with myeloproliferative neoplasms with and without thromboses.
(A) Essential thrombocythemia patients. (B) Polycythemia vera patients. (C) Prefibrotic/early primary myelofibrosis patients.

(D) Primary myelofibrosis patients.
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