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Background: Philadelphia-negative myeloproliferative neoplasms (Ph-MPNs) are clonal hematopoietic cell malignancy that com-
prises polycythemia vera (PV), essential thrombocythemia (ET), and primary myelofibrosis (PMF). They prone to develop thrombosis, 
bleeding, fibrotic progression, and leukemic transformation. We aimed to study clinical characteristics, thrombosis complications, and 
prognostic risk in Indonesians with Ph-MPNs.
Methods: This was a single-center retrospective cross-sectional study, including patients with Ph-MPNs who attended Hematology 
and Medical Oncology outpatient clinic at Cipto Mangunkusumo General Hospital, Jakarta, between 2016 and 2021. Demographic 
data, clinical characteristics, previous antiplatelet treatment, baseline laboratory data, JAK2V617F mutation, and treatment were 
reviewed for analysis. The prognostic risk model was assessed for PV (IPSS), ET (IPSET-thrombosis), and PMF (IPSS and DIPPS) 
patients.
Results: One hundred forty-six patients were classified as PV (31.5%), ET (38.4%), and PMF (30.1%) with median ages of 54, 53.5, 
and 55 years, respectively. PMF presented with the most diverse clinical presentations. JAK2V617 mutations were detected in 82%, 
42.5%, and 76.5% of PV, ET, and PMF patients. PV had the highest thrombosis event pre/at diagnosis (26.1%), with predominantly 
arterial thrombosis. Bleeding occurred more in PMF (20.5%). Phlebotomy and hydroxyurea are the only treatment available for Ph- 
MPNs in the government hospital in Indonesia. IPSS intermediate risk in PV (47.8%), IPSET-thrombosis low risk in ET (46.4%), and 
IPSS and DIPSS intermediate-2 in PMF (38.6% and 50% respectively) were the most common risk groups.
Conclusion: Essential thrombocythemia was the most prevalent Ph-MPNs in Indonesia. Arterial thrombosis was the highest 
thrombosis event pre/at diagnosis in PV despite IPSET-thrombosis low risk being the most common risk group. In JAK2V617 
mutation-positive MPN population, thrombosis event was also the highest in PV.
Keywords: Ph-MPNs, clinical characteristics, thrombosis, prognosis

Introduction
Philadelphia-negative myeloproliferative neoplasms (Ph-MPNs) are a group of hematopoietic malignancies which 
encompasses polycythemia vera (PV), essential thrombocythemia (ET), and myelofibrosis (MF).1 All entities of Ph- 
MPNs shared a feature of mutations that is associated with physiologic pathways for hematopoiesis, as the disease arises 
from single hematopoietic stem cell that underwent somatic mutation.2

A study of Ph-MPNs in 17 countries unveiled the prevalence of Ph-MPNs in 2016 of 64.14 per 100,000 and the 
incidence cases of 12.05 per 100,000.3 Another study reported the incidence rates of Ph-MPNs per 100,000 population 
were between 1.0 and 1.5 for PV, 2.0 and 3.0 for ET, and 0.3 and 0.5 for PMF.4
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In the initial stage, Ph-MPNs generally appear with no symptoms, thus usually diagnosed accidentally based on routine 
laboratory findings or when symptoms or complications occurred.5,6 These complications influence the survival and prognosis of 
MPN patients.

Patients with Ph-MPNs experienced poor quality of life due to symptoms that affect general activity, anxiety, mood disorder, 
and cancelation of life plan.7,8 On top of that, those with Ph-MPNs have an increased risk of morbidity and mortality compared to 
the general population. The relative survival ratios (RSR) of 10 years was 0.64, 0.68, and 0.21 for patients with PV, ET, and PMF, 
respectively.9 Previous prospective study showed that the median life expectancy among patients with Ph-MPNs was 91.7 months 
(7.5 years).10

Thrombosis and major cardiovascular adverse events are important causes of mortality in Ph-MPNs patients.11,12 Moreover, 
patients with Ph-MPNs are at risk for developing leukemic and fibrotic progression which contribute further to the morbidity and 
mortality of the patients.13,14

Given the insufficient data on Ph-MPNs in Indonesia, we conducted this study to find out the clinical characteristics, 
thrombosis complications, and prognosis in Indonesian with Ph-negative MPN.

Methods
This cross-sectional study was performed at Cipto Mangunkusumo General Hospital, Jakarta. The information of all Ph-negative 
patients (PV, ET, and PMF) who have attended the Hematology and Medical Oncology outpatient clinic from 2016 until 2021 
were retrospectively retrieved from medical records, including demographic data (age, sex), clinical characteristics (comorbid-
ities, signs and symptoms, thrombosis and bleeding events pre/at diagnosis, previous antiplatelet treatment), baseline laboratory 
data at diagnosis (complete blood count), JAK2V617F mutation status, and treatment administered.

The status of JAK2V617D mutation was determined qualitatively using RNA extraction kit which employs silica-based 
membrane followed by cDNA synthesis, endpoint/conventional PCR and capillary/Sanger sequencing. This test has up to 20% 
sensitivity to detect mutation within the samples. It has 100% specificity to detect V617F mutation.

For PV patients, the International Study of PV15 was applied for estimated survival (Supplementary Table 1). For ET 
patients, the International Prognostic Score for ET-thrombosis (IPSET-thrombosis)16 was evaluated for thrombosis risk 
(Supplementary Table 2). For PMF patients, the International Prognosis Scoring System (IPSS)17 and Dynamic IPSS 
(DIPSS)18 were calculated for estimated survival (Supplementary Table 3).

This study was conducted in accordance with Declaration of Helsinki, and the study protocol was approved by the Local 
Ethics Committee of Faculty of Medicine Universitas Indonesia (No. KET-558/UN.2.F1/ETIK/PPM.00.02/2021). Verbal 
informed consent was obtained from all subjects before blood sampling. Since our study did not apply any intervention, The 
Ethical Committee waived the requirement for written informed consent. The data were analyzed by descriptive statistics. The 
data were expressed in frequency (percentage, %) for categorical variables and median (range) for continuous variables. All 
analysis was performed using SPSS version 24 for Mac.

Results
We identified 146 patients with Ph-negative Ph-MPNs, including 46 patients with PV (31.5%), 56 patients with ET (38.4%), and 
44 patients with PMF (30.1%). Baseline clinical and laboratory characteristics of the subjects are represented in Table 1. The 
median age of PV, ET, and PMF patients were 54, 53.5, and 55 years, respectively. PV and ET occurred more in males.

Asymptomatic cases were found in 10.9% of PV, 16.1% of ET, and 4.5% the of PMF patients. The most common signs and 
symptoms in PV patients were dizziness/headache (43.5%), splenomegaly (34.8%), and abdominal symptoms (17.4%). Similarly, 
most ET patients had dizziness/headache (41.1%), abdominal symptoms (23.2%), and splenomegaly (21.4%). PMF patients 
presented with splenomegaly (68.2%), abdominal symptoms (52.3%), fatigue (40.9%), and fever (15.9%).

Regarding complete blood count parameters, the median hemoglobin and hematocrit of PV patients were 18.05 g/dL and 57%. 
Median platelet counts in ET and PV patients were 1120 × 109/L and 638 × 109/L. Patients with PMF had a wide range of WBC 
and platelet counts with median WBC of 16.2 × 109/L (range 0.79–65.12 × 109/L) and median platelet count of 220 × 109/L (range 
24–1851 × 109/L).

Due to lack of testing, JAK2V617F mutation analyses could not be reported in a total of 43 patients. The majority of PV were 
positive for JAK2V617 mutation (82%), and only 42.5% of ET and 76.5% of PMF harbored this mutation. About 84.8% of PV, 
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80.4% of ET, and 61.4% of PMF patients had at least one comorbidity; hypertension and cardiovascular disease were the most 
prevalent.

Table 2 shows the thrombosis and bleeding events in our patients. A 26.1% of PV patients experienced thrombosis pre/at 
diagnosis, which was more common than in ET and PMF patients (21.4% and 4.5%, respectively). Arterial thrombosis was more 
prevalent than venous thrombosis, primarily manifesting with ischemic stroke. Bleeding events pre/at diagnosis occurred more 
frequently in PMF (20.5%) and ET (10.7%) patients, manifesting commonly as gastrointestinal hemorrhage and skin and/or 
mucosal bleeding. About 30% of PV and ET patients had been prescribed antiplatelet therapy, either aspirin and/or clopidogrel. 
Table 3 shows thrombosis and bleeding events on the JAK2-positive MPN subjects. Similarly, thrombosis in patients with positive 
JAK2 V617F mutation was more common in PV (21.8%), compared to ET (15%) and PMF (7.7%).

Table 1 Baseline Clinical and Laboratory Characteristics of 146 Subjects

PV, n (%)  
46 (31.5%)

ET, n (%)  
56 (38.4%)

PMF, n (%)  
44 (30.1%)

Age (years), median (range) 54 (22–72) 53.5 (23–79) 55 (22–72)

Female sex 21 (45.7%) 27 (48.2%) 22 (50%)

Symptoms
Fever 4 (8.7%) 4 (7.1%) 7 (15.9%)

Night sweat 0 (0) 0 (0) 0 (0)

Weight loss 2 (4.3%) 3 (5.4%) 8 (18.2%)
Fatigue 0 (0) 11 (19.6%) 18 (40.9%)

Dizziness/ headache 20 (43.5%) 23 (41.1%) 3 (6.8%)
Abdominal symptoms 8 (17.4%) 13 (23.2%) 23 (52.3%)

Othersa 56 (54.3%) 22 (39.3%) 11 (25%)

Asymptomatic 5 (10.9%) 9 (16.1%) 2 (4.5%)
Splenomegaly 16 (34.8%) 12 (21.4%) 30 (68.2%)

Schuffner 1–4 15 (93.75%) 12 (100%) 25 (83.3%)

Schuffner >4 1 (6.25%) 0 (0) 5 (16.7%)
Laboratory (median, range)

Hemoglobin (g/dL) 18.05 (15.4–24.5) 13.55 (7.1–17.2) 8.9 (3.8–14.8)

Hematocrit (%) 57 (47.7–75.5) 40.5 (12.6–50.8) 28.7 (11.1–46.3)
WBC count (×109/L) 18.63 (3.24–46.91) 16.12 (6.78–52.54) 16.2 (0.79–65.12)

Platelet count (×109/L) 638 (110–2146) 1120 (536–2168) 220 (24–1851)

JAK2V617F mutation status
Positive 32 (82%) 20 (42.5%) 13 (76.5%)

Negative 7 (18%) 27 (57.5%) 4 (23.5%)

Comorbidity
Yes 39 (84.8%) 44 (80.4%) 27 (61.4%)

Cardiovascular disease 15 (32.6%) 9 (16.1%) 8 (18.2%)

Hypertension 25 (54.3%) 27 (48.2%) 11 (25%)
Diabetes mellitus 2 (4.3%) 3 (5.4%) 3 (6.8%)

Smoking 6 (13%) 10 (17.9%) 3 (6.8%)

Othersb 14 (30.4%) 23 (41.1%) 17 (38.6%)
No 7 (15.2%) 11 (19.6%) 17 (38.6%)

Treatment
Observation 5 (10.9%) 2 (3.6%) 29 (65.9%)
Phlebotomy 8 (17.4%) 1 (1.8%) 0

Hydroxyurea 10 (21.7%) 49 (87.5%) 15 (34.1%)

Phlebotomy + hydroxyurea 23 (50%) 4 (7.1%) 0

Notes: aErythromelalgia, edema, ecchymosis, epistaxis, dyspnea, hemiparesis; bLiver failure, hepatitis, chronic renal failure, asthma, 
thalassemia. 
Abbreviations: WBC, white blood count; NA, not applicable.
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Tables 4–6 display the distribution of patients in the prognostic model risk category in PV, ET, and PMF subjects, 
respectively. By applying the IPSS stratification in PV subjects, most of the patients were distributed between 
intermediate- and high-risk groups (47.8% and 34.8% respectively). When patients with ET were classified using IPSET- 
thrombosis model, most of the patients were distributed between low- and high-risk groups (46.4% and 32.1% 

Table 2 Thrombotic and Bleeding Events of 146 Subjects

PV, n (%)  
46 (31.5%)

ET, n (%)  
56 (38.4%)

PMF, n (%)  
44 (30.1%)

Thrombotic events pre/at diagnosis 12 (26.1%) 12 (21.4%) 2 (4.5%)

Ischemic stroke 11 (23.9%) 7 (12.5%) 2 (4.5%)b

Acute myocardial infarction 1 (2.2%) 3 (5.4%) 1 (2.3%)b

Peripheral arterial disease 1 (2.44%) 0 (0) 0 (0)

Acute limb ischemia 0 (0) 0 (0) 1 (2.3%)b

Deep vein thrombosis 0 (0) 1 (1.8%) 0 (0)

Recurrent pregnancy loss 0 (0) 1 (1.8%) 0 (0)

Bleeding events pre/at diagnosis 2 (4.3%) 6 (10.7%) 9 (20.5%)
Cerebral hemorrhage 1 (2.2%) 2 (3.6%) 0 (0)

Gastrointestinal hemorrhage 1 (2.2%) 0 (0) 6 (13.6%)

Skin and/or mucosal bleedinga 0 (0) 4 (7.1%) 3 (6.8%)
Previous antiplatelet treatment, n (%) 14 (30.4%) 21 (37.5%) 3 (6.8%)

Notes: aEcchymosis, epistaxis, gum bleeding, bOne patient developed three thrombosis events.

Table 3 Thrombotic and Bleeding Events of 65 JAK2V617F Mutation-Positive Subjects

PV, n (%)  
32 (49.2%)

ET, n (%)  
20 (30.8%)

PMF, n (%)  
13 (20%)

Thrombotic events pre/at diagnosis 7 (21.8%) 3 (15%) 1 (7.7%)

Ischemic stroke 7 (21.8%) 2 (10%) 1 (7.7%)b

Acute myocardial infarction 1 (3.1%) 1 (5%) 1 (7.7%)b

Peripheral arterial disease 1 (3.1%) 0 (0) 0 (0)

Acute limb ischemia 0 (0) 0 (0) 1 (7.7%)b

Deep vein thrombosis 0 (0) 1 (5%) 0 (0)

Recurrent pregnancy loss 0 (0) 0 (0) 0 (0)

Bleeding events pre/at diagnosis 2 (6.2%) 2 (10%) 3 (23.7%)
Cerebral hemorrhage 1 (3.1%) 1 (5%) 0 (0)

Gastrointestinal hemorrhage 1 (3.1%) 0 (0) 3 (23.7%)

Skin and/or mucosal bleedinga 0 (0) 1 (5%) 0 (0)
Previous antiplatelet treatment, n (%) 9 (28.1%) 8 (40%) 2 (15.4%)

Notes: aEcchymosis, epistaxis, gum bleeding, bOne patient developed three thrombosis events.

Table 4 IPSS in 46 PV Subjects

n (%)

Age >66 years 4 (8.7)

Age 57–66 years 14 (30.4)
WBC ≥15×109/L 34 (73.9)

Previous venous thrombosis 0 (0)

IPSS score
0 (low risk) 8 (17.4)

1–2 (intermediate risk) 22 (47.8)

≥3 (high risk) 16 (34.8)
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respectively). Using IPSS and DIPPS model in PMF, the majority of the patients were classified into the intermediate-2 
risk group.

Figure 1 shows the thrombotic and bleeding events of all PV subjects according to IPSS score. The thrombotic risk 
appears to be similar between low-risk, intermediate-risk and high-risk groups. Figure 2 shows that in all patients with 
ET, both the risk for thrombosis and bleeding rise gradually as the risk stratification increases.

Discussion
This study presents the clinical manifestation of Indonesian with Ph-negative Ph-MPNs. ET was the most frequent Ph- 
MPNs found in our study (38.4%). A study by Valladares et al also revealed similar results.19 There were 46 PV patients 
included in this study with the median age at diagnosis of 54 years, which was slightly lower than the median age from 
the International Study of PV (61 years).15 In addition, male-to-female ratio was close to 1:1, which was similar to the 
previous studies.15,20 For ET patients, the median age in our study was similar to the median age in IPSET-thrombosis 
study (53.5 vs 54.4 years).16

Table 6 IPSS and DIPSS Model in 44 PMF 
Subjects

n (%)

Age >65 years 5 (11.4)

Constitutional symptomsa 20 (45.5)

Hemoglobin <10 g/ dL 32 (72.7)
WBC >25×109/L 10 (22.7)

Circulating blast ≥1% 9 (20.5)

IPSS score
0 (low risk) 5 (11.4)

1 (intermediate-1 risk) 13 (29.5)

2 (intermediate-2 risk) 17 (38.6)
≥3 (high risk) 9 (20.5)

DIPSS score
0 (low risk) 5 (11.4)
1–2 (intermediate-1 risk) 15 (34.1)

3–4 (intermediate-2 risk) 22 (50)

5–6 (high risk) 2 (4.5)

Note: aFever, fatigue, and/or weight loss.

Table 5 IPSET-Thrombosis Model in 56 ET 
Subjects

n (%)

Age ≥60 years 8 (14.3)

Previous thrombosis event 12 (21.4)

Cardiovascular riska ≥1 33 (58.9%
JAK2V617 mutation 20 (35.7)

IPSET-thrombosis score
0–1 (low risk) 26 (46.4)
2 (intermediate risk) 12 (21.4)

≥3 (high risk) 18 (32.1)

Note: aHypertension, diabetes mellitus, and/or tobacco 
smoking.
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The median age of PMF in our study was 55 years, which was lower than the result of a study using the Mayo Clinic 
database for PMF and Porto-Soares et al (mean age of 65 and 64.7 years, respectively).21,22 The predominant symptoms 
of PMF were abdominal symptoms, fatigue, and splenomegaly. In the present study, patients with PMF, on average, had 
the greatest decrease in hemoglobin (anemia) and a wider range of WBC and platelet counts. Gangat et al and 
Duangnapasatit et al reported similar results.21,23 Cytopenias are essentially a difficult clinical problem in PMF. 
Anemia is typically presented in approximately 30% of the patients with PMF at diagnosis, and eventually all the 
patients develop anemia.24 The pathogenesis of anemia in PMF is incompletely understood, the contributing factors 
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Figure 2 Thrombotic and bleeding events of 56 ET subjects according to IPSET-thrombosis score.
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Figure 1 Thrombotic and bleeding events of 46 PV subjects according to IPSS score.
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include ineffective erythropoiesis due to bone marrow scarring, aberrant inflammatory cytokine expression, and marked 
splenomegaly.25

The JAK2V617F mutation is an acquired somatic mutation that is found in the vast majority of PV patients and in 
half of ET and PMF patients.26 We found a lower percentage of JAK2 positive for PV and a higher percentage of JAK2 
positive for PMF compared to multiple previous studies by Porto-Suares et al (93.5% of PV, 48% of ET, 60.8% of PMF), 
Valladares et al (86.6% of PV), and Gangat et al (66% of PMF).19,21,22 JAK2 is involved in cellular signaling processes, 
such as cell proliferation, differentiation, survival, and self-renewal. Mutated JAK2 cells confer hypersensitivity to 
several cytokines, including erythropoietin, thrombopoietin, granulocyte colony-stimulating factor. This may explain why 
patients with JAK2 mutation had a predominant rise in several blood parameters, including hemoglobin, hematocrit, and/ 
or platelets, thus associated with thrombosis.27–29 In this study, we also evaluate thrombotic and bleeding events among 
65 JAK2V617F mutation-positive subjects (Table 3) and found similar risk of thrombosis and bleeding compared to all 
patients regardless of their mutation status. Mutational analysis of JAK2V617F is not reimbursable by National Health 
Insurance, therefore not every patient was tested. Additionally, ischemic stroke is the most common thrombotic event in 
all population and JAK2V617F-positive population.

High hematocrit and WBC counts affect blood viscosity and blood flow, and further induce platelet activation and 
thrombosis.30,31 In addition, clinical factors, such as older age, obesity, history of thrombosis event, hypertension, 
dyslipidemia, contribute to the increased risk of thrombosis.11 In the present study, thrombotic events pre/at diagnosis 
were more pronounced in PV (26.1%) and followed by ET (21.4%) as PV patients had higher levels of hemoglobin, 
hematocrit, and WBC counts. Arterial thrombosis occurred at higher rates than venous thrombosis. This finding is in line 
with studies from Malaysia and the IPSET-thrombosis study, despite most studies in the Western countries revealed 
a higher rate of venous thrombosis.32,33 This is most probably because of a higher rate of arterial risk factors in older 
patients, such as hypertension, diabetes, or dyslipidemia. Hypertension dominated as the preexisting risk factor of 
thrombosis in our patients.

A prognostic model for PV with three-tiered categories was developed by the International Study of PV, and the 
median survivals were 26 years (in low risk), 15 years (in intermediate-risk), and 8.3 years (in high-risk).15 In our study, 
47.8% of PV patients fell into intermediate-risk categories. The survival risk score was significantly associated with 
thrombosis.23 However, in our study, thrombotic risk did not differ significantly between IPSS risk groups (Figure 1). 
This is because the study population had very high prevalence of comorbidities (84.8%), including those with low risk. 
Therefore, thrombosis occurs even in low-risk individuals. Thrombotic complications are one of the most common 
causes of death in patients with PV. The International Study of PV reported that 32 out of 183 patients (20%) with 
a known cause of death deceased due to thrombotic complications.15 Therefore, cytoreductive therapy is recommended 
for high-risk PV.34

Advanced age (≥60 years), previous thrombotic event, cardiovascular risk factors (hypertension, diabetes mellitus, tobacco 
use), and JAK2V617F mutation are well-characterized predictors for thrombotic complications in patients with ET.34,35 The 
IPSET-thrombosis study incorporates those risk factors in the international prognostic scoring system for thrombosis. In the 
present study, when ET patients were stratified using IPSET-thrombosis model, 46.4%, 21.4%, and 32.1% of them were part of 
low-risk, intermediate-risk, and high-risk groups, respectively. Moreover, the risk for thrombosis and bleeding increased 
incrementally along the higher risk scores (Figure 2). Sevindik et al revealed that 33%, 26.8%, and 40.2% of the patients were 
categorized into low-, immediate-, and high-risk groups. Furthermore, one or more thrombotic episodes occurred in 5.4% of 
low-risk, 26.7% of intermediate-risk, and 66.2% of high-risk groups.36

The estimated median survival of PMF is 6 years, but it can be a few months to years. In clinical practice, IPSS is 
used at diagnosis to predict survival in patients with PMF. Based on the four risk categories, the median survivals were 
135 months (in low risk), 95 months (in intermediate-1 risk), 48 months (in intermediate-2 risk), and 27 months (in high 
risk). During the disease course, patients may acquire additional risk factors that may interfere patient’s prognosis. In the 
present study, the proportion of patients in four prognostic groups using IPSS was similar to the previous study.17

In current practice, the therapy in PV and ET is intended to alleviate symptoms and prevent thrombosis. Aspirin, 
cytoreductive drug (in high-risk ET and high-risk PV), and phlebotomy (in PV with intended hematocrit target <45%) 
have been shown to have an antithrombotic effect.37 In our study, previous antiplatelet therapy was recorded in 21 
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(37.5%) patients with ET and 14 (30.4%) patients with PV. While there is a clear benefit of antiplatelet therapy in patients 
with PV, studies revealed inconsistent results regarding the benefit of antiplatelet therapy in patients with ET.38 Another 
study reported that antiplatelet therapy did not lower the thrombosis risk but increased the risk of bleeding in patients 
with ET.39 In the present study, bleeding events pre/at diagnosis occurred in 9 (20.5%) of PMF patients and 6 (10.7%) of 
ET patients, despite the low usage of antiplatelets in these groups compared with PV. Moreover, there was 5 (8.9%) 
patients with ET who were initially treated with phlebotomy due to increased hematocrit. After hematocrit reached its 
intended target, standard therapy for ET was administered.

This study provides a better understanding of the clinical characteristics and thrombotic events in Indonesian patients 
with Ph-negative MPN, who have been underreported in Indonesia. We used IPSS, DIPSS, IPSET-thrombosis in the 
analyses of prognosis of patients with MPN. However, some limitations of this study are needed to be acknowledged. 
First, this was a single-center study which only had a small number of subjects. Second, this was a retrospective study 
that resulted in incomplete several data. Third, JAK2V617F mutation status could not be evaluated for all the patients.

In conclusion, essential thrombocythemia was the most prevalent Ph-MPNs in Indonesia. Arterial thrombosis was the 
highest thrombosis event pre/at diagnosis in PV despite IPSET-thrombosis low risk being the most common risk group. 
In JAK2V617 mutation-positive MPN population, thrombosis event was also the highest in PV group.
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