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Open Access Original Article 

Frequency, Risk stratification, Complications and 

Outcome of Polycythemia Vera: A Single 

Institute Experience 

A b s t r a c t  

Objectives: To evaluate the frequency of PV among patients with high hemoglobin and hematocrit, risk 
stratification, complications, and long-term outcomes of PV patients in a single institute tertiary care 
setting. 
Methodology: This retrospective cohort study is conducted at Aga Khan University Hospital, Karachi, 
duration from January 2020 to December 2024. Sixty nine patients  were diagnosed with PV based on 
WHO 2022 criteria and molecular testing out of 450 who presented with erythrocytosis. Data was 
extracted from electronic medical records and analyzed using SPSS. 
Results: The prevalence of JAK2-positive PV was 15.3% (n=69) among patients presented with 
erythrocytosis. Cohort showed a male predominance (66.7%) with a mean age of 58.5 years. 
Hypertension (56.5%) and headache (55.1%) were the most common comorbidity and symptom 
assessed, respectively. High-risk patients constituted 63.8% of cases. Pre-treatment thrombotic events 
observed exclusively in the high-risk group (52.3%). Post-treatment complications (including 
arterial/venous events, leukemic transformation, and secondary malignancies) were observed in 20.5% 
of high-risk patients, however low-risk patients experienced no complications. The overall 5-year 
mortality rate was 8.7%, entirely in the high-risk group. 65.2% of the total cohort remained alive at the 
final follow-up. 
Conclusion: Significant thrombotic morbidity and mortality were observed in high risk patients of PV in 
this South Asian cohort. These findings emphasize the inevitability of early molecular diagnosis, risk-
adapted cytoreductive therapy, and structured long-term monitoring to improve clinical outcomes. 
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Introduction 

Polycythemia vera (PV) is a chronic Philadelphia 

chromosome–negative myeloproliferative neoplasm. It is 

driven by clonal hematopoiesis, most commonly due to 

JAK2 mutations, leading to constitutive activation of the 

JAK–STAT signaling pathway, this results in 

erythropoietin-independent overproduction of red blood 

cells, often accompanied by leukocytosis and 

thrombocytosis.1 

Its incidence is estimated to be around 2 cases per 

100,000 individuals per year worldwide (2). In Asia, PV is 

documented to be predominant in males, age those 

above 50 years old and those with a high JAK2V617F 

allele burden.3,4 

The 2022 World Health Organization (WHO) diagnostic 

major criteria include 1) elevated hemoglobin 

concentration (>16.5 g/dL in men; >16.0 g/dL in women, 

or elevated hematocrit > 49% in men; >48% in women), 2 

bone Marrow biopsy showing age-adjusted 

hypercellularity with trilineage growth including 

prominent erythroid, granulocytic, and megakaryocytic 

proliferation with pleomorphic mature megakaryocytes, 

and 3) presence of JAK2 V617F or JAK2 exon 12 

mutation with minor criteria including subnormal serum 

erythropoietin level. 2,5 

Frequency of JAK2 mutations positivity in Polycythemia 

vera is approximately 95 to 100 %, in which exon 14 

comprises around 95 to 97%.6. JAK2 positivity with 

sensitivities of 94.7% of the total 100%.7 Exon 12 

mutations are identified in a subset of patients who lack 

the V617F mutation. 

Exclusion of secondary causes is needed, which includes 

cystic disease of the kidney, renal artery stenosis, 

unilateral hydronephrosis, SGLT2 inhibitors, chronic 

hypoxia or tumors and other disorders with JAK2 

positivity (example: CMML).8–10 Serum erythropoietin 

(EPO) also serves as a predictive marker.11 A common 

issue encountered in the outpatient primary care setting 
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that is often undiagnosed or inappropriately worked 

up.12,13 

Complications and survival of polycythemia vera depend 

on the allele burden of JAK2V617F.4,14 Polycythemia 

treatment commenced on a risk stratification basis, 

characterized as high and low risk.15 Mortality among 

high risk patients are more observed. 16 

The literature shows a paucity of new driver mutations in 

polycythemia vera (PV) especially in Asia. Our purpose is 

to improve diagnostic accuracy, differentiate from 

secondary causes, stratify risk, control symptoms and 

improve quality of life, surveillance for disease 

transformation. Additionally, these mutations also open 

opportunities for targeted therapies, potentially reducing 

side effects and complications while enhancing treatment 

efficacy. 

Methodology 

A retrospective cohort study was conducted at Aga Khan 

University Hospital in Karachi, Pakistan, from January 

2020 till December 2024. The study included a total of 

450 patients, of whom 69 patients were diagnosed with 

Polycythemia Vera associated with molecular driver 

mutations. The patient data was extracted using the 

electronic medical record numbers of the institute. 

Ethical approval for the study was given by the ethical 

review committee (ERC #: 2024-10100-30097) of Aga 

Khan University Hospital, Pakistan. 

Study variables include the patient’s demographical 

characteristics, history, physical examination, routine 

complete blood count, baseline workup, erythropoietin 

levels, JAK2V617F, and myeloproliferative neoplasm 

panel. 

Sample size we calculated using the Openepi software. 

Data was collected using a pre-structured questionnaire 

encompassing demographic information, comorbidities 

and hematological parameters. Patients’ charts were 

reviewed for response assessment. Statistical analysis 

was conducted for Polycythemia Vera using SPSS, with 

descriptive statistics such as means, standard deviations, 

frequencies, and percentages. 

Inclusion Criteria: 

Patients above 18 years of age with high hemoglobin and 

hematocrit levels with positive JAK2 mutations. 

Exclusion Criteria: 

Patients with secondary and idiopathic erythrocytosis and 

those who met WHO diagnostic criteria for primary 

myelofibrosis, essential thrombocythemia, chronic 

myeloid leukemia or other myeloid neoplasms were 

excluded. 

Operational Definitions: 

1. JAK2 V617F mutation: refers to a specific 

change in the Janus kinase 2 (JAK2) gene, 

where the amino acid valine (V) is substituted 

with phenylalanine (F) at codon 617. 

2. MPN panel: includes JAK2V617F, JAK2 exon 12, 

CALR mutations, MPL, and C-Kit. 

3. Low-risk patients were ≤60 years of age and no 

history of thrombosis. 

4. High-risk patients were those >60 years of age or 

with a history of thrombosis 

Results 

In our study, a total of 450 patients were tested for 

polycythemia vera (PV), of whom 69 (15.3%) were 

positive for the JAK2V617F mutation (figure 1). Among 

the PV-positive patients, the proportion of male patients 

was twice that of females (46 vs. 23), with a mean age of 

58.5 years (median: 60 years, range: 27 to 90 years). 

Geographical distribution included residents of Karachi 

(56.5%), followed by Quetta (29.0%), Interior Sindh 

(13.0%), and Punjab (1.4%). (Figure 1) 

Figure 1. Mutation status distribution. 
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Hypertension was the most common comorbidity, 

observed in 39 patients (56.5%) of the cohort, followed 

by diabetes in 14 patients (20.3%), smoking in 3 patients 

(4.3%), cancer in 1 patient (1.5%), and other conditions 

in 12 patients (16.3%) others. The most frequent 

presenting symptoms included headache in patients 38 

(55.1%) of patients, chest pain in 10 (14.5%), pruritus and 

visual disturbances in 7 (10.1%) each, burning pain in 4 

(5.8%), and abdominal fullness in 2 patients (2.9%), while 

1 patient (1.4%) reported no symptoms. 

Of the confirmed PV cases, patients categorized as high 

risk were almost twice as much as the low-risk group (44 

vs. 25) (Table I). 

Before initiating treatment, thrombotic complications 

were documented mainly in the high-risk category i.e. 23 

patients, which includes venous thromboembolism (VTE), 

stroke, and myocardial infarction (MI), observed in 6 

(13.6%), 8 (18.2%), and 9 (20.5%) patients, respectively, 

amounting to a total of 52.3% pre-treatment thrombotic 

events in this group. However, none of the low-risk 

patients experienced any thrombotic event. 

Screening via the Myeloproliferative Neoplasm (MPN) 

panel confirmed JAK2 mutations in 69 subjects. The 

majority of these cases (n=67, 14.8%) were positive for 

the JAK2 V617F mutation, whereas exon 12 variants 

were rare (n=2, 0.4%). A negative result was recorded for 

381 patients (84.7%). 

According to minor criteria, serum erythropoietin levels 

were also assessed; results were subnormal in the 

majority of patients. Abdominal ultrasound was also 

advised on presentation; 45 patient’s scans showed no 

significant findings, and 7 patients did not perform. 

However, splenomegaly was observed in 7 patients; of 

them 2 patients were in low-risk category, while 5 

patients were in the high risk. Bone marrow trephine at 

the time of diagnosis was performed in only 10 patients; 

findings were consistent with polycythemia vera. 

Regarding treatment patterns, the low-risk group was 

mainly treated with aspirin and phlebotomies to maintain 

hematocrit <45% in 16 patients (68.0%), followed by 

aspirin and hydroxyurea in 8 patients (32.0%) these 

patients required multiple therapeutic phlebotomies and 

subsequent escalation of therapy. Cytoreductive therapy 

was required in 79.5% (n=35) of high-risk patients; 34 

patients received hydroxyurea, and one patient was 

treated with Peg interferon alpha, in addition to the 

baseline regimen of aspirin and phlebotomy. However, 2  

Table I: Patients Characteristics. 

Characteristic (n=69) (%) 

Gender  

Male 46 66.7% 

Female 23 33.3% 

Age (Years)  

Median (Range) 60.0 (27–90) 

Risk Stratification  

High Risk 44 63.8% 

Low Risk 25 36.2% 

Clinical Features  

Headache 38 55.1% 

Chest Pain 10 14.5% 

Pruritus 7 10.1% 

Visual Disturbance 7 10.1% 

Burning Pain (Erythromelalgia) 4 5.8% 

Abdominal Fullness 2 2.9% 

Asymptomatic 1 1.4% 

Mutation  

JAK2 negative 381 84.7% 

JAK2 V617F (Exon 14) 67 14.8% 

JAK2 (Exon 12) 2 0.4% 

Serum Erythropoietin (EPO)  

Sub-normal 37 53.6% 

Normal 32 46.4% 

Ultrasound Abdomen  

Normal scan 45 

Splenomegaly: 

Low risk  

High risk 

7 

2 

5 

Not performed 7 

Table II: Treatment Modalities by Risk Group. 

Risk Category Treatment Regimen Number of Patients  Percentage (%) 

Low Risk (n = 25) Aspirin + Periodic Phlebotomy 16 68.0% 

 Aspirin + Phlebotomy + Hydroxyurea 8 32.0% 

High Risk (n = 44) Aspirin + Phlebotomy + Hydroxyurea 34 77.2% 

 Aspirin + Phlebotomy + Peg Interferone 1 2.3% 

 Aspirin + Phlebotomy + Hydroxyurea + 

Ruxolitinib 

2 4.5% 

 Aspirin alone 6 13.6% 

 Non-compliant 1 2.3% 
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patients (4.5%) received Ruxolitinib along with the above, 

6 patients (13.6%) received aspirin alone and 1 patient 

(2.3%) was non-complaint to medicines (Table II). 

Initially, therapeutic phlebotomies were required in 14 

low-risk and 23 high-risk patients, with an average 

duration of approximately one year and a mean 

frequency of three phlebotomies per year in both groups. 

A subset of patients subsequently required escalation of 

therapy due to recurrent need for therapeutic 

phlebotomies. High-risk patients who developed venous 

thrombosis were treated with aspirin in combination with 

anticoagulation, administered either for three months or 

long-term, depending on individual clinical assessment. 

Some high-risk patients were started on aspirin alone 

without cytoreductive therapy due to delay in establishing 

the diagnosis, early death at presentation, or subsequent 

loss to follow-up. 

Post-treatment complications occurred exclusively in 

high-risk patients, affecting 9 patients (20.5%). These 

included arterial events in 2 patients (4.5%), venous 

events in 3 patients (6.8%), and four patients in the 

cohort experienced disease progression, including 

transformation to acute leukemia, post-polycythemia 

myelofibrosis, and 2 patients of them develop second 

malignancy in a median duration of 2 years, accounting 

for a total of 9% of cases, whereas 79.5% experienced no 

complications, including low-risk patients. In combined 

risk-and-treatment analysis, no complications occurred in 

any low-risk subgroup, while among high-risk patients, 

complications developed in 2 patients treated with aspirin 

alone, 5 patients of those receiving hydroxyurea plus 

ascard, 1 patient of those on Ruxolitinib, and the single 

not appropriately treated patient (Table III). 

Table III: Clinical Complications and Disease Progression. 

Risk 

Category 

Complication Type  (n) (%) 

Low Risk Total without complications 25 100% 

High Risk Total without complications 

With complications 

35 

9 

79.5% 

20.5% 

 Thrombotic Events   

 — Venous Event 3 6.8% 

 — Arterial Event 2 4.5% 

 Disease Transformation   

 — Acute Myeloid Leukemia 

(AML) 

1 2.25% 

 — Post-Polycythemia 

Myelofibrosis 

1 2.25% 

 Other   

 — Second Malignancy 2 4.5% 

With regard to clinical outcomes, 21 patients (84.0%) of 

low-risk patients were alive at last follow-up and 4 

patients (16.0%) were lost to follow-up. Among high-risk 

patients, 24 patients (54.5%) were alive, 15 patients 

(31.8%) were lost to follow-up, and 5 patients (13.6%) 

had died. Considering all PV-positive patients collectively, 

65.2% were alive, 26.1% were lost to follow-up, and 8.7% 

was the mortality rate in a duration of 5 years. The cause 

of mortality mainly was ischemic stroke; however, two 

patients died due to secondary malignancy and 

transformation to acute leukemia, respectively (Table IV). 

Table IV: Patient Outcomes and Survival Status. 

Risk 

Category 

Outcome Status (n) (%) 

Low Risk Alive 21 84.0% 

 Lost to Follow-up 4 16.0% 

High Risk Alive 24 54.5% 

 Lost to Follow-up 15 31.8% 

 Death 5 13.6% 

Total 

Study 

5-Year Overall Mortality 

Rate 

— 8.7% 

Discussion 

This single center study conducted in a South Asian 

population provides insight regarding the epidemiology, 

clinical presentation, and survival outcomes of patients 

diagnosed with PV. Out of the 450 participants tested, 

the proportion of 15.3% patients testing positive for JAK2 

mutations is in line with the well identified reliance on 

JAK2 mutations for diagnosing PV, which has a crucial 

contribution in its pathophysiology through the activation 

of the JAK-STAT signaling pathway.17 This highlights the 

diagnostic role of molecular testing for PV and to rule out 

other causes of erythrocytosis. 

Cohort shows male predominance with mean age of 58.5 

years that is consistent with international data, indicating 

that PV in the South Asian population reflects global 

demographic trends.18,19 Most of the patients were from 

Karachi, followed by Quetta and interior Sindh, likely 

showing disparities in healthcare access, diagnostic 

responsiveness, and referral designs.20 Limited 

availability of molecular testing access in remote areas 

may lead to underestimat prevalence of PV, highlighting 

the need to expand diagnostic services to better define 

the true disease burden in Pakistan. 
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The portion of cardiovascular comorbidity has a clinical 

significance, as these increase the risk of thrombotic 

complications, which impacts morbidity and mortality in 

PV.21,22 The most common presenting symptoms, 

headache, chest pain, visual disturbances, and pruritus 

are well documented in abundant literature23,24 and are 

associated with hyperviscosity and microvascular 

dysfunction that characterizes PV. Minority of patients 

presented with abdominal fullness likely suggests 

splenomegaly25, which usually corresponds to a longer 

duration of the disease or an advanced stage. 

As for molecular description, JAK2-positive patients were 

included, indorsing this mutation as the predominant 

driver of PV and supporting its continued global 

diagnostic use.26–28 Using conventional risk stratification, 

nearly two-thirds of patients were classified as high risk 

based on age >60 years or prior thrombosis29, 

suggesting delayed diagnosis and presentation at a later 

disease stage. Notably, one-third of patients had pre-

treatment thrombotic events, consistent with existing 

literature implicating hyperviscosity, platelet activation 

impaired, fibrinolytic activity, leukocyte activation, and 

endothelial damage in PV-related vascular 

complications.30,31,32 

The therapeutic approach in our study was consistent 

with standard global practice, with high-risk patients 

predominantly receiving aspirin with periodic 

phlebotomies along with hydroxyurea, reflecting the 

efficacy of cytoreductive therapy in reducing thrombotic 

risk33 Low-risk patients were mainly managed with aspirin 

plus periodic phlebotomies 

to control hematocrit, given its established role in 

preventing cardiovascular and thrombotic events.34 Post-

treatment complications occurred exclusively in the high-

risk group, most commonly venous and arterial 

thrombosis 35, followed by transition to myelofibrosis36 

and secondary malignancies37 consistent with earlier 

studies. The low transformation rate in our study 

supports the effectiveness of appropriate monitoring and 

therapy, although the occurrence of secondary 

malignancies underscores the need for vigilant long-term 

surveillance.The limited use of ruxolitinib in local practice 

showed variable outcomes, highlighting the necessity to 

better define its role, particularly in hydroxyurea-

intolerant or resistant patients. 38–40 

The study shows 8.7% mortality rate exclusively in the 

high-risk group, emphasizing that age and thrombotic 

history are key determinants of survival.22,41 Loss to 

follow-up, limited long-term outcome assessment, 

highlighting the need for vigilant in planned clinic visits  

and patient assessment. Overall, the findings were similar 

as in international literature while providing regional data 

from the South Asian population, to achieve favorable 

outcomes in risk-adapted management and emphasizing 

the need for increased physician awareness and timely 

relevant testing.42,43 

The limitations of this study include its retrospective, 

single-center design and small sample size. A short 

follow-up period and significant loss to follow-up may 

have underrated long-term complications and survival 

differences. Nevertheless, the study provides valuable 

baseline epidemiologic and outcome data from Pakistan, 

serving as a benchmark for future prospective and 

multicenter research. 

Conclusion 

1. This study demonstrates a wide spectrum of 

clinical manifestations associated with positive 

LA1/LA2 ratios in a cross-section of the 

Pakistani population.  

2. Venous thrombosis was the most common 

clinical presentation. 

3. A subset of individuals with weakly positive LA 

ratios remained asymptomatic, highlighting the 

necessity of excluding transient or false-

positive LA results through clinical correlation 

and follow-up.  

4. These findings reinforce the importance of 

individualized risk assessment and cautious 

interpretation of LA positivity in clinical 

practice. 

References 

1. Erdinc B, Ramachandran P, Boris A. Polycythemia vera 

presenting with normal hemoglobin and hematocrit: A rare 

variant. Cureus [Internet]. 2020 Jun 2 [cited 2025 Dec 10]. 

Available from: https://www.cureus.com/articles/32455-

polycythemia-vera-presenting-with-normal-hemoglobin-

and-hematocrit-a-rare-variant. 

https://doi.org/10.7759/cureus.8404 

https://www.cureus.com/articles/32455-polycythemia-vera-presenting-with-normal-hemoglobin-and-hematocrit-a-rare-variant
https://www.cureus.com/articles/32455-polycythemia-vera-presenting-with-normal-hemoglobin-and-hematocrit-a-rare-variant
https://www.cureus.com/articles/32455-polycythemia-vera-presenting-with-normal-hemoglobin-and-hematocrit-a-rare-variant
https://www.cureus.com/articles/32455-polycythemia-vera-presenting-with-normal-hemoglobin-and-hematocrit-a-rare-variant
https://www.cureus.com/articles/32455-polycythemia-vera-presenting-with-normal-hemoglobin-and-hematocrit-a-rare-variant
https://www.cureus.com/articles/32455-polycythemia-vera-presenting-with-normal-hemoglobin-and-hematocrit-a-rare-variant
https://doi.org/10.7759/cureus.8404
https://doi.org/10.7759/cureus.8404


Madiha Noor 

J. Haematol Stem Cell Res. 2026;6(2): 132-138                                   137 

2. Kurtin S, Lyle L. The role of advanced practitioners in 

optimizing clinical management and support of patients 

with polycythemia vera. J Adv Pract Oncol. 2018;9(1):56-

66. https://doi.org/10.6004/jadpro.2018.9.1.4 

3. Usman M, Bilwani F, Kakepoto G, Adil S, Sajid R, Khurshid 

M. Polycythemia vera and idiopathic erythrocytosis: 

comparison of clinical and laboratory parameters. J Pak 

Med Assoc. 2004;54(5):249-51. 

4. Sazawal S, Singh K, Chhikara S, Chaubey R, Mahapatra M, 

Saxena R. Influence of JAK2V617F allele burden on clinical 

phenotype of polycythemia vera patients: A study from 

India. South Asian J Cancer. 2019;8(2):127-9. 

https://doi.org/10.4103/sajc.sajc_161_18 

5. Maslah N, Soret J, Dosquet C, Vercellino L, Belkhodja C, 

Schlageter MH, et al. Masked polycythemia vera: analysis 

of a single center cohort of 2480 red cell masses. 

Haematologica.2020;105(3). 

https://doi.org/10.3324/haematol.2018.215582 

6. Liu D, Zhang PH, Xu ZF, Ma J, Qin TJ, Qu SQ, et al. 

[Clinical and laboratory features compared between JAK2 

exon12 and JAK2 V617F mutated polycythemia vera]. 

Zhonghua Xue Ye Xue Za Zhi. 2022;43(2):107-14. 

7. Chin-Yee B, Bhai P, Cheong I, Matyashin M, Hsia CC, 

Kawata E, et al. A rational approach to JAK2 mutation 

testing in patients with elevated hemoglobin: Results from 

the JAK2 Prediction Cohort (JAKPOT) Study. J Gen Intern 

Med. 2023;38(8):1828-33. https://doi.org/10.1007/s11606-

022-07963-x 

8. Hajika Y, Kawaguchi Y, Hamazaki K, Kumeda Y. 

Polycythemia with elevated erythropoietin production in a 

patient with a urinary stone and unilateral hydronephrosis: 

a case report. J Med Case Rep. 2023;17(1):87. 

https://doi.org/10.1186/s13256-023-03823-2 

9. Katiyar V, Aijaz T, Lingamaneni P, Vohra I, Cisak K. 

Polycythemia in a patient with atonic bladder and 

hydronephrosis. Cureus [Internet]. 2021 Sep 19 [cited 

2025 Dec 10]. Available from: 

https://www.cureus.com/articles/70414-polycythemia-in-a-

patient-with-atonic-bladder-and-hydronephrosis. 

https://doi.org/10.7759/cureus.18094 

10. Chin-Yee B, Matyashin M, Cheong I, Bhai P, Lazo-Langner 

A, Almanaseer A, et al. Secondary causes of elevated 

hemoglobin in patients undergoing molecular testing for 

suspected polycythemia vera in southwestern Ontario: a 

chart review. CMAJ Open. 2022;10(4). 

https://doi.org/10.9778/cmajo.20210322 

11. Davila-Gonzalez D, Barrios-Ruiz A, Fountain E, Cheng L, 

Masarova L, Verstovsek S, et al. Diagnostic performance of 

erythropoietin levels in polycythemia vera: experience at a 

comprehensive cancer center. Clin Lymphoma Myeloma 

Leuk.2021;21(4):224-9. 

https://doi.org/10.1016/j.clml.2020.11.002 

12. Souresho H, Mgerian M, Havican S, Suniega E, Gambrill C. 

A practical approach to polycythemia in the outpatient 

setting and its importance. Cureus [Internet]. 2021 Nov 8 

[cited 2025 Dec 10]. Available from: 

https://www.cureus.com/articles/69958-a-practical-

approach-to-polycythemia-in-the-outpatient-setting-and-its-

importance. https://doi.org/10.7759/cureus.19368 

13. Aamir Z, Mushtaq M, Sheikh S. Secondary erythrocytosis, 

a predominant cause of polycythemia: Clinical and 

laboratory evaluation of polycythemia in a tertiary care 

center. IBRR. 2023;14(4):141-9. 

https://doi.org/10.9734/ibrr/2023/v14i4327 

14. Shah S, Raza N, Nasir M, Zaidi S. Frequency of zygosity in 

JAK-2 positive patients with polycythemia vera: Pakistan's 

perspective. Asian Pac J Cancer Prev. 2021;22(2):559-64. 

https://doi.org/10.31557/APJCP.2021.22.2.559 

15. Grunwald MR, Kuter DJ, Altomare I, Burke JM, Gerds AT, 

Walshauser MA, et al. Treatment patterns and blood counts 

in patients with polycythemia vera treated with 

hydroxyurea in the United States: An analysis from the 

REVEAL study. Clin Lymphoma Myeloma Leuk. 

2020;20(4):219-25. 

https://doi.org/10.1016/j.clml.2019.09.601 

16. Tsai TH, Yu LHL, Yu MS, Huang SH, Lin AJH, Lee KD, et al. 

Real-world patient characteristics and treatment patterns of 

polycythemia vera in Taiwan between 2016 and 2017: A 

nationwide cross-sectional study. Ther Adv Hematol. 

2023;14:20406207231179331. 

https://doi.org/10.1177/20406207231179331 

17. Regimbeau M, Mary R, Hermetet F, Girodon F. Genetic 

background of polycythemia vera. Genes (Basel). 

2022;13(4):637. https://doi.org/10.3390/genes13040637 

18. Ilerhunmwuwa NP, Rayapureddy AK, Agogbuo OO, Ukrani 

J, Wasifuddin M, Wang JC. Outcomes and causes of 

mortality in polycythemia vera in a distinct demographic: 

Adolescents and young adults. Blood. 2023;142(Suppl 

1):2438. https://doi.org/10.1182/blood-2023-174528 

19. Pillai AA, Fazal S, Mukkamalla SKR, Babiker HM. 

Polycythemia. In: StatPearls [Internet]. Treasure Island (FL): 

StatPearls Publishing; 2025 [cited 2025 Dec 10]. Available 

from: http://www.ncbi.nlm.nih.gov/books/NBK526081/ 

20. Diagnosis and treatment of polycythemia vera in Pakistan: 

Barriers and possible solutions. LNJPC [Internet]. 2025 

[cited 2025 Dec 10]. Available from: 

https://journals.lnh.edu.pk/lnjpc/Home/article?uid=60f9c36

6-f165-4a0b-87d6-66bc58782bb5 

21. Stein BL, Patel K, Scherber RM, Yu J, Paranagama D, 

Miller CB. Mortality and causes of death of patients with 

polycythemia vera: Analysis of the REVEAL prospective, 

observational study. Blood. 2020;136(Suppl 1):36-7. 

https://doi.org/10.1182/blood-2020-137144 

22. Passamonti F, Rumi E, Pungolino E, Malabarba L, 

Bertazzoni P, Valentini M, et al. Life expectancy and 

prognostic factors for survival in patients with polycythemia 

vera and essential thrombocythemia. Am J Med. 

2004;117(10):755-61. 

https://doi.org/10.1016/j.amjmed.2004.06.032 

23. Gerds AT, Altomare I, Colucci P, Paranagama D, Burke JM. 

REVEAL: Characteristics of patients with polycythemia vera 

who were diagnosed within 6 months of enrollment. Blood. 

2019;134(Suppl 1):5370. https://doi.org/10.1182/blood-

2019-121386 

24. Spivak JL. Polycythaemia vera. Hematology. 

2013;18(4):244-5. 

https://doi.org/10.1179/1024533213Z.000000000199 

25. Lu X, Chang R. Polycythemia vera. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2025 [cited 

https://doi.org/10.6004/jadpro.2018.9.1.4
https://doi.org/10.6004/jadpro.2018.9.1.4
https://doi.org/10.4103/sajc.sajc_161_18
https://doi.org/10.4103/sajc.sajc_161_18
https://doi.org/10.3324/haematol.2018.215582
https://doi.org/10.3324/haematol.2018.215582
https://doi.org/10.1007/s11606-022-07963-x
https://doi.org/10.1007/s11606-022-07963-x
https://doi.org/10.1007/s11606-022-07963-x
https://doi.org/10.1007/s11606-022-07963-x
https://doi.org/10.1186/s13256-023-03823-2
https://doi.org/10.1186/s13256-023-03823-2
https://www.cureus.com/articles/70414-polycythemia-in-a-patient-with-atonic-bladder-and-hydronephrosis
https://www.cureus.com/articles/70414-polycythemia-in-a-patient-with-atonic-bladder-and-hydronephrosis
https://www.cureus.com/articles/70414-polycythemia-in-a-patient-with-atonic-bladder-and-hydronephrosis
https://www.cureus.com/articles/70414-polycythemia-in-a-patient-with-atonic-bladder-and-hydronephrosis
https://doi.org/10.7759/cureus.18094
https://doi.org/10.7759/cureus.18094
https://doi.org/10.9778/cmajo.20210322
https://doi.org/10.9778/cmajo.20210322
https://doi.org/10.1016/j.clml.2020.11.002
https://doi.org/10.1016/j.clml.2020.11.002
https://www.cureus.com/articles/69958-a-practical-approach-to-polycythemia-in-the-outpatient-setting-and-its-importance
https://www.cureus.com/articles/69958-a-practical-approach-to-polycythemia-in-the-outpatient-setting-and-its-importance
https://www.cureus.com/articles/69958-a-practical-approach-to-polycythemia-in-the-outpatient-setting-and-its-importance
https://www.cureus.com/articles/69958-a-practical-approach-to-polycythemia-in-the-outpatient-setting-and-its-importance
https://www.cureus.com/articles/69958-a-practical-approach-to-polycythemia-in-the-outpatient-setting-and-its-importance
https://www.cureus.com/articles/69958-a-practical-approach-to-polycythemia-in-the-outpatient-setting-and-its-importance
https://doi.org/10.7759/cureus.19368
https://doi.org/10.7759/cureus.19368
https://doi.org/10.9734/ibrr/2023/v14i4327
https://doi.org/10.9734/ibrr/2023/v14i4327
https://doi.org/10.31557/APJCP.2021.22.2.559
https://doi.org/10.31557/APJCP.2021.22.2.559
https://doi.org/10.1016/j.clml.2019.09.601
https://doi.org/10.1016/j.clml.2019.09.601
https://doi.org/10.1177/20406207231179331
https://doi.org/10.1177/20406207231179331
https://doi.org/10.3390/genes13040637
https://doi.org/10.3390/genes13040637
https://doi.org/10.1182/blood-2023-174528
https://doi.org/10.1182/blood-2023-174528
http://www.ncbi.nlm.nih.gov/books/NBK526081/
http://www.ncbi.nlm.nih.gov/books/NBK526081/
https://journals.lnh.edu.pk/lnjpc/Home/article?uid=60f9c366-f165-4a0b-87d6-66bc58782bb5
https://journals.lnh.edu.pk/lnjpc/Home/article?uid=60f9c366-f165-4a0b-87d6-66bc58782bb5
https://journals.lnh.edu.pk/lnjpc/Home/article?uid=60f9c366-f165-4a0b-87d6-66bc58782bb5
https://journals.lnh.edu.pk/lnjpc/Home/article?uid=60f9c366-f165-4a0b-87d6-66bc58782bb5
https://doi.org/10.1182/blood-2020-137144
https://doi.org/10.1182/blood-2020-137144
https://doi.org/10.1016/j.amjmed.2004.06.032
https://doi.org/10.1016/j.amjmed.2004.06.032
https://doi.org/10.1182/blood-2019-121386
https://doi.org/10.1182/blood-2019-121386
https://doi.org/10.1182/blood-2019-121386
https://doi.org/10.1182/blood-2019-121386
https://doi.org/10.1179/1024533213Z.000000000199
https://doi.org/10.1179/1024533213Z.000000000199


Frequency, Risk stratification, Complications and Outcome of Polycythemia Vera: A Single Institute Experience 

J. Haematol Stem Cell Res. 2026;6(2): 132-138                                   138 

2025 Dec 10]. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK557660/ 

26. Schafer AI. Molecular basis of the diagnosis and treatment 

of polycythemia vera and essential thrombocythemia. 

Blood.2006;107(11):4214-22. 

https://doi.org/10.1182/blood-2005-08-3526 

27. Putter JS, Seghatchian J. Polycythaemia vera: Molecular 

genetics, diagnostics and therapeutics. Vox Sang. 

2021;116(6):617-27. https://doi.org/10.1111/vox.13069 

28. Tefferi A. JAK2 mutations in polycythemia vera: Molecular 

mechanisms and clinical applications. N Engl J Med. 

2007;356(5):444-5. https://doi.org/10.1056/NEJMp068293 

29. De Stefano V, Passamonti F, Palandri F, Ramundo F, Rossi 

E, Betti S, et al. Exploring thromboembolic risk factors in 

polycythemia vera: From current evidence to PROSPERO 

study design. Ann Hematol. 2025;104(7):3553-66. 

https://doi.org/10.1007/s00277-025-06466-z 

30. Haji Paiman NS, Mat Nasir N, Miptah HN, Saidon N, Abdul 

Monir M. Challenges in diagnosing polycythemia vera in 

primary care: A 55-year-old Malaysian woman with atypical 

presentation. Am J Case Rep. 2024;25. 

https://doi.org/10.12659/AJCR.944202 

31. Suwanto D, Aminuddin M, Mulia EPB. Complex arterial and 

venous thrombosis in polycythemia vera: What does 

leukocytosis predict? Int J Blood Cancer. 2022;14(1):33-6. 

https://doi.org/10.58209/ijbc.14.1.33 

32. Hyperviscosity in polycythemia vera and other red cell 

abnormalities. Semin Thromb Hemost. 2003;29(5):451-8. 

https://doi.org/10.1055/s-2003-44552 

33. Tremblay D, Kremyanskaya M, Mascarenhas J, Hoffman R. 

Diagnosis and treatment of polycythemia vera: A review. 

JAMA.2025;333(2):153. 

https://doi.org/10.1001/jama.2024.20377 

34. Tefferi A, Barbui T. Polycythemia vera: 2024 update on 

diagnosis, risk-stratification, and management. Am J 

Hematol. 2023;98(9):1465-87. 

https://doi.org/10.1002/ajh.27002 

35. Pearson TC. The risk of thrombosis in essential 

thrombocythemia and polycythemia vera. Semin Oncol. 

2002;29(3 Suppl 10):16-21. 

https://doi.org/10.1053/sonc.2002.33756 

36. Landolfi R, Nicolazzi MA, Porfidia A, Di Gennaro L. 

Polycythemia vera. Intern Emerg Med. 2010;5(5):375-84. 

https://doi.org/10.1007/s11739-010-0369-6 

37. Pemmaraju N, Markova A, Masarova L, Reaven N, Funk S, 

Oyuela P, et al. Prevalence of second cancers in patients 

with polycythemia vera (PV): A retrospective analysis of US 

real-world claims data. Blood. 2023;142(Suppl 1):3190. 

https://doi.org/10.1182/blood-2023-180045 

38. Harrison CN, Nangalia J, Boucher R, Jackson A, Yap C, 

O'Sullivan J, et al. Ruxolitinib versus best available therapy 

for polycythemia vera intolerant or resistant to 

hydroxycarbamide in a randomized trial. J Clin Oncol. 

2023;41(19):3534-44. 

https://doi.org/10.1200/JCO.22.01935 

39. Benevolo G, Vassallo F, Urbino I, Giai V. Polycythemia vera 

(PV): Update on emerging treatment options. Ther Clin 

Risk Manag. 2021;17:209-21. 

https://doi.org/10.2147/TCRM.S213020 

40. Pemmaraju N, Yu J, Vasudevan A, Qureshi H, Braunstein 

E, Chojecki A. Treatment patterns and blood count control 

in 10,112 patients with polycythemia vera. Expert Rev 

Hematol. 2025;18(7):529-36. 

https://doi.org/10.1080/17474086.2025.2520316 

41. Lyons RM, Aguilar KM, Sudharshan L, Venkatasetty D, 

Ndukum J, Zackon I, et al. Characteristics, blood counts, 

treatments, and clinical outcomes of 5871 patients with 

polycythemia vera treated in US community practices. Curr 

Med Res Opin. 2025;41(1):43-51. 

https://doi.org/10.1080/03007995.2024.2438996 

42. Tefferi A, Rumi E, Finazzi G, Gisslinger H, Vannucchi AM, 

Rodeghiero F, et al. Survival and prognosis among 1545 

patients with contemporary polycythemia vera: An 

international study. Leukemia. 2013;27(9):1874-81. 

https://doi.org/10.1038/leu.2013.163 

43. Pemmaraju N, Gerds AT, Yu J, Parasuraman S, Shah A, Xi 

A, et al. Thrombotic events and mortality risk in patients 

with newly diagnosed polycythemia vera or essential 

thrombocythemia. Leuk Res. 2022;115:106809. 

https://doi.org/10.1016/j.leukres.2022.106809

 

http://www.ncbi.nlm.nih.gov/books/NBK557660/
http://www.ncbi.nlm.nih.gov/books/NBK557660/
https://doi.org/10.1182/blood-2005-08-3526
https://doi.org/10.1182/blood-2005-08-3526
https://doi.org/10.1111/vox.13069
https://doi.org/10.1111/vox.13069
https://doi.org/10.1056/NEJMp068293
https://doi.org/10.1056/NEJMp068293
https://doi.org/10.1007/s00277-025-06466-z
https://doi.org/10.1007/s00277-025-06466-z
https://doi.org/10.12659/AJCR.944202
https://doi.org/10.12659/AJCR.944202
https://doi.org/10.58209/ijbc.14.1.33
https://doi.org/10.58209/ijbc.14.1.33
https://doi.org/10.1055/s-2003-44552
https://doi.org/10.1055/s-2003-44552
https://doi.org/10.1001/jama.2024.20377
https://doi.org/10.1001/jama.2024.20377
https://doi.org/10.1002/ajh.27002
https://doi.org/10.1002/ajh.27002
https://doi.org/10.1053/sonc.2002.33756
https://doi.org/10.1053/sonc.2002.33756
https://doi.org/10.1053/sonc.2002.33756
https://doi.org/10.1007/s11739-010-0369-6
https://doi.org/10.1007/s11739-010-0369-6
https://doi.org/10.1007/s11739-010-0369-6
https://doi.org/10.1182/blood-2023-180045
https://doi.org/10.1182/blood-2023-180045
https://doi.org/10.1182/blood-2023-180045
https://doi.org/10.1200/JCO.22.01935
https://doi.org/10.1200/JCO.22.01935
https://doi.org/10.1200/JCO.22.01935
https://doi.org/10.2147/TCRM.S213020
https://doi.org/10.2147/TCRM.S213020
https://doi.org/10.2147/TCRM.S213020
https://doi.org/10.1080/17474086.2025.2520316
https://doi.org/10.1080/17474086.2025.2520316
https://doi.org/10.1080/03007995.2024.2438996
https://doi.org/10.1080/03007995.2024.2438996
https://doi.org/10.1038/leu.2013.163
https://doi.org/10.1038/leu.2013.163
https://doi.org/10.1016/j.leukres.2022.106809
https://doi.org/10.1016/j.leukres.2022.106809

