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Abstract

Introduction: Current treatment for polycythemia vera (PV) is limited and primarily targets 

thrombosis risk. Agents targeting distinct mechanisms of action within myeloproliferation are 

undergoing clinical evaluation to optimize efficacy, improve tolerance and augment long term 

disease complications.

Area covered: This article reviews the current data from completed early phase clinical trials in 

PV, either as monotherapy or in combination with the few currently approved agents.

Expert opinion: There remains an opportunity in PV management to improve efficacy and 

decrease risk of disease progression. Evolving data from use of long acting interferons are serving 

to clarifying the potential front line role of this therapy. JAK2 inhibition has made a significant 

impact on decreasing morbidity in patients with hydroxyurea resistant/refractory disease. New 

approaches may soon expand options including histone deactylase inhibitors (HDACi), either 

as monotherapy or combination therapy, which showed promising activity and symptomatic 

control of pruritus. Drugs targeting new molecular pathways (mammalian target of rapamycin, 

insulin receptor substrates 1/2, MDM2 protein) or the iron metabolism pathway are in early 

phase trial. Further translational studies assessing efficacy, long term complications, survival, and 

constitutional symptom control could pave a way for future success in PV drug development either 

as monotherapy or in combination.
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1. Introduction

1.1. Background

Philadelphia-chromosome negative myeloproliferative neoplasms (MPN) are a group of 

neoplasms defined by hyperproliferative marrow resulting in thrombocytosis (Essential 

thrombocythemia [ET]), erythrocytosis (Polycythemia Vera [PV]), or marrow fibrosis and 
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cytopenias (Myelofibrosis [MF]). In addition to these hematologic findings, patients with 

MPNs are at risk for systemic symptoms ([1]), arterial and venous thrombosis ([2]) and 

bone marrow progression to acute leukemia or secondary myelofibrosis. Myeloproliferative 

neoplasms are associated with mutually exclusive molecular mutations, with the most 

common mutation in the janus kinase 2 tyrosine kinase receptor, JAK2V617 F ([3]), and 

other mutations including MPL and CALR ([4]). While CALR and MPL mutations are 

present in a minority of ET and MF patients, the JAK2V617 F in exon 14 mutation is the 

most common mutation in MPNs and is present in 97% of patients with PV ([5]). The 

remaining PV patients having lesser known JAK2 mutations ([6]). The lesser common JAK2 

exon 12 mutation in PV is associated with a distinct phenotype of younger age at diagnosis 

and laboratory findings of isolated erythrocytosis with less concurrent leukocytosis or 

thrombocytosis. The risk of thrombosis complication or bone marrow progression is similar 

regardless of JAK2 mutation type. ([7])([8]). Incidence of thrombosis in PV ranges from 

23%([9])-39%([10]), with one study of 365 PV patients reporting a significant thrombosis 

history at enrollment, 17% reporting a history of arterial thrombosis and 12% with a history 

of venous thrombosis([11]). Reported thrombosis risk factors include age, thrombosis 

history, cardiovascular risk factors including hypertension, and elevated leukocyte count 

([10])([12])([13]). The reported relevant elevated WBC count associated with increased risks 

of thrombosis ranges from >11 × 109/L ([12]) to >15 × 109/L ([14]). In addition to the 

physical complications of PV, patients are also high risk for constitutional symptoms with 

over 60% of patients endorsing symptoms of fatigue, weight loss, and night sweats ([15]) 

and over 30% having palpable splenomegaly at diagnosis ([16]).

Antiplatelet therapy is initiated in all patients with PV without a contraindication. In 

individuals without a prior history of thrombosis, antiplatelet therapy in the form of 

aspirin 81 mg PO daily has been shown to be effective in preventing arterial and venous 

thromboembolism in PV patients without resulting in a significantly increased risk of 

bleeding ([17]). The consistently identified thrombosis risk factors of prior history of 

thrombosis and age ≥60 years are incorporated into risk stratification regarding PV treatment 

([13]). In the setting of active thrombosis, therapeutic anticoagulation should be utilized, 

similar to individuals with thrombosis without myeloproliferative neoplasms. In most cases, 

double antiplatelet therapy or combination antiplatelet plus anticoagulant therapy are not 

used concurrently due to the increased risk of bleeding with possible exceptions for PV 

patients with both arterial and venous thrombosis events or recurrent thrombotic events 

despite anticoagulation. ([18]).

1.2. Next generation sequencing

In addition to the commonly identified janus kinase mutations in PV, next generation 

sequencing (NGS) has also provided insight into gene sequence variants and mutations 

that can impact prognosis. A study investigating the utilization of NGS in PV patients 

revealed over half (52.6%) demonstrated gene sequence variants in addition to the JAK2 

mutation, with 30% of patients having one gene sequence variant and 20% having two. The 

most common gene sequence variants were IDH2 and KIT. The variants associated with 

inferior survival included SRSF2, ASXL1 and IDH2, with SRSF2 and IDH2 associated with 

decreased leukemia free and MF-free survival. ([19]). Currently, the identification of one or 
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more of these gene sequence variants does not direct therapeutic agent selection, though this 

may change in the future.

1.3. Risk stratification for pv treatment

Treatment for the most common MPN, Polycythemia Vera, ([20]), is based on risk 

stratification to mitigate thrombosis risk through hematocrit control (Table 1). Treatment 

goals for PV include improvement in signs and symptoms of disease including reduction 

in splenomegaly and constitutional symptom improvement (based on the myeloproliferative 

neoplasm symptom assessment form total symptom score, MPN-SAF TSS [21]), normal 

white blood count and hematocrit <45% in the absence of phlebotomy, absence of 

thrombosis or hemorrhage and bone marrow response though this definition is not well 

defined ([22]). Patients who are low risk, based on thrombosis risk, defined as age <60 and 

no prior history of thrombosis, pursue a hematocrit goal <45% through repeat phlebotomy. 

This goal hematocrit level was identified in a randomized study investigating two hematocrit 

endpoints, with a more aggressive hematocrit goal <45% compared to >50% associated with 

decreased cardiovascular death and major thrombosis([11]).

Patients who are high risk, on the other hand, utilize cytoreductive therapy through 

hydroxyurea or interferon-alpha or peginterferon alpha ([23]). These agents have been 

shown to reduce thrombosis complications in PV patients ([24–26]). Hydroxyurea has the 

ease of oral administration but the concern for associated leukemic transformation([27]), 

though this concern has not born out consistently in the literature ([28]). There is also a 

concern of lack of response or lost response with hydroxyurea use. Recombinant Interferon-

alfa has been a long utilized therapeutic agent in PV, but requires subcutaneous injection 

administration and is associated with not-insignificant nonhematologic side effects ([29]). 

The development of pegylated interferon, peginterferon-alfa (PegIFN-alfa) has been shown 

to increase the rate of molecular response in PV by decreasing JAK2 allele burden compared 

to hydroxyurea([30]). A recent phase 2 trial evaluated PegIFN-alfa in 50 PV patients and 

65 ET patients who were resistant or intolerant to hydroxyurea([31]). While adverse events 

were not uncommon, there was an overall improvement in MPN related constitutional 

symptoms and a minority of patients discontinued drug due to adverse events. Interestingly, 

the JAK2 allele burden was significantly lower in individuals who achieved complete 

response, compared to those that did not achieve a response. This study demonstrated 

PegIFN-alfa’s ability to provide effective salvage therapy following hydroxyurea resistance 

or intolerance, and the decreasing JAK2 allele burden suggested therapeutic benefit may 

be predicted based on a molecular response. Long-term follow up is necessary in this 

chronic malignancy, to determine if achievable molecular response is associated with 

decreased risk of bone marrow evolution to leukemia or fibrosis. A monopegylated 

interferon alfa, Ropeginterferon-alfa (RopegIFN), is a novel interferon formulation with 

a longer half-life requiring less frequent administration than the other interferon iterations, 

including weekly regimens or monthly maintenance. RopegIFN, investigated in 254 PV 

patients randomized against hydroxyurea, was shown to be non-inferior to hydroxyurea 

with regards to hematologic response but achieved a greater decrease in median JAK2 

V617 F mutation allele burden([32]). A continuation of this trial was undertaken with 

94 patients continuing on the interferon derivative and 76 patients in the control arm 
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continuing on hydroxyurea or best available therapy. After an additional 24 months of 

therapy the RopegIFN group demonstrated higher complete hematologic response (70.5% vs 

49.3%) and partial molecular response (69.6% vs 28.6%) compared to the best available 

therapy([32]) with a comparable proportion of patients experiencing treatment related 

adverse events. These studies highlight a reinvigorated interest in the optimal front-line 

therapy for PV as well as a paradigm shift in clinical trial outcomes with a focus on the 

clinical implications of molecular response.

1.4. Hydroxyurea resistant pv

Intolerance to hydroxyurea is defined as ongoing need for phlebotomy after hydroxyurea 

dosing at 2grams/day, progressive proliferation of platelet or leukocyte populations, 

absence of splenomegaly reduction or splenic symptom improvement, neutropenia or 

thrombocytopenia or development of unacceptable toxicities including leg ulcerations 

(refer Table 2) ([33]). While treatment for PV is risk stratified by thrombosis risk, this 

complex condition burdens many aspects of patients’ bodies and lives. Ruxolitinib, the 

JAK2-inhibitor, revolutionized therapy in patients with MF with subsequent interest in 

applying this therapeutic agent to PV. A phase 3 clinical trial in 222 PV patients with 

ongoing phlebotomy needs or splenomegaly were randomized to ruxolitinib or best available 

therapy determined by the treating physician. After 32 weeks, the proportion of patients who 

achieved hematocrit control and reduction in splenomegaly was significantly higher in the 

intervention arm (20.9% vs 0.9%). The ruxolitinib group also demonstrated a significantly 

higher improvement of symptoms as assessed by ≥50% reduction on the MPN-SAF TSS 

compared to the control arm (49% vs 5%). ([34]). Long term follow-up, reported on 

72 patients who continued ruxolitinib therapy and 64 patients in the control group who 

crossed over to ruxolitinib, at week 80 showed ongoing benefit. This long term follow 

up demonstrated durable responses, including hematologic and splenomegaly responses, in 

ruxolitinib therapy. The benefit of JAK inhibition was also seen in patients who crossed over 

from best available therapy highlighting this agent’s ability to be effective across multiple 

aspects of PV disease burden in those refractory or intolerant to hydroxyurea treatment.

([35]).

Beyond ruxolitinib and interferon based therapy in hydroxyurea resistant PV, busulfan 

is recommended as second line therapy particularly elderly patients ([23]) based on the 

ability to achieve hematologic response but with the concern for nonsignificant hematologic 

toxicity including leukemic transformation ([36]).

Even with the renewed interest in interferon therapy, and approval for Ruxolitinib, there 

remains a significant therapeutic necessity in patients with PV to avoid undesirable 

side effects, establish deep and durable response and to alter the course of the disease 

instead of merely mitigating complications. Development of novel therapies through varied 

mechanisms of action is underway in PV management providing insight into targets for this 

complex condition (refer to Table 3).
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2. Novel experimental therapies (see table 3)

2.1. Mechanism: targeting genetic transcription

One mechanism of action under investigation is histone deacetylase inhibitors (HDACi), 

which works to limit transcription of cellular DNA. There are multiple mechanisms of 

JAK2 directed hyperproliferation in the bone marrow that may be impeded by HDACi. 

These include JAK2 translocation to the nucleus and phosphorylation of histone H3 ([37]) 

and JAK2 impairment of arginine methyltransferase PRMT5 thus regulating chromatin 

modification ([38]). There is evidence for increased HDAC expression in MPNs ([39]) 

suggesting a potential therapeutic target through inhibition. In vitro investigation of 

combination therapy of an oral HDACi, givinostat, plus hydroxyurea, in a JAK2 V617F 

mutated PV cell line revealed synergistic apoptosis ([40]). Another HDACi, vorinostat, 

proved to inhibit proliferation of JAK2 V617F expressing cells in murine and human 

PV hematopoietic progenitor cells. This HDACi monotherapy improved blood count and 

splenomegaly in the PV mouse model ([41])).

In a pilot study, 29 JAK2V617 mutated MPN patients, including 12 patients with PV 

diagnosis, were treated with HDACi, givinostat. Treatment at 50 mg twice a day was 

planned for 24 weeks, and 18 patients completed the 24 week treatment regimen. Among the 

13 patients with PV or ET, 7 (54%) demonstrated a clinical response based on blood counts 

or spleen size. In patients with PV, a decrease in the mean JAK2 V617F mutant allele burden 

was noted at 12 and 24 weeks. No grade 4 toxicities were noted. ([42])

A phase II study investigated combination therapy of givinostat (either 50 mg or 100 mg 

daily) with hydroxyurea in 44 JAK2 V617F mutated PV patients deemed unresponsive to 

hydroxyurea monotherapy for at least 3 months. Clinical response by the ELN 2009 criteria 

was noted in 50–55% at either drug dosage. A symptom specifically monitored was pruritus 

control, which was achieved in nearly two thirds of patients at either drug dosage. No grade 

4 toxicities were noted. Common toxicities included thrombocytopenia, diarrhea, nausea and 

anemia. ([43])

Another phase II clinical trial evaluated monotherapy HDACi, Vorinostat, in patients with 

ET or PV. There was a high discontinuation rate from the study due to nonhematologic 

adverse effects including fatigue, renal impairment, gastrointestinal symptoms and hair loss. 

Of the 48% of patients who completed the planned 24 weeks of therapy, an intention-to-treat 

analysis revealed 35% response and resolution of pruritus in the 19% of patients who 

endorsed this at baseline. ([44]).

Studies of this mechanism suggest that efficacy and safety vary with agent selection. 

Givinostat studies suggest at least 50% hematologic response and pruritus symptom 

improvement. There is a concern for toxicity particularly with the high therapy 

discontinuation rate seen vorinostat monotherapy. Future studies should investigate clinical 

characteristics or biomarkers that predict rate of response and risk of toxicity of these agents 

to inform medical decision making with these agents.
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2.2. Mechanism: targeting apoptosis

Avoiding apoptosis is one mechanism for malignant cell populations to persist and 

proliferate. One of the main surveillance proteins facilitating appropriate cellular apoptosis 

in humans is the TP53 protein. Laboratory data has shown interferon-alfa upregulates TP53 

activity in vitro in JAK2V617 F mutant polycythemia vera cell lines ([45]). The protein 

MDM2 interacts with and degrades TP53 protein, reducing TP53’s ability to facilitate 

apoptosis. Prior studies revealed MDM2 levels are elevated in PV progenitor stem cells, 

leading to decreased TP53 and decreased cell cycle surveillance and apoptosis ([45]). 

Through inhibition of MDM2, TP53 persists and its apoptotic effects can lead to clinical 

benefits in PV. Inhibition of MDM2 can increase apoptosis in patients with PV, through 

combination therapy with interferon-alfa ([45]) and monotherapy ([46]). A phase 1 clinical 

trial of an oral MDM2 inhibitor, idasanutlin, in 13 high risk JAK2 V617F mutated PV 

or ET patients determined to be intolerant or refractory to prior therapy (hydroxyurea, 

interferon alfa, or anagrelide) were treated with either 100 mg or 150 mg daily, and if no 

response noted by cycle 6 interferon-alfa was added to idasanutlin for subsequent cycles. No 

dose-limiting toxicities were noted, with gastrointestinal adverse events particularly during 

the first few days of each cycle being the most common. Overall response after 6 cycles 

of therapy was 58% (7/12) in the monotherapy group and 50% (2/4) in the combination 

therapy. Improvements were noted in blood counts, splenomegaly and systemic symptoms. 

([47]). A phase 2 study of patients with phlebotomy dependent PV randomized to MDM2 

inhibitor, KRT-232 monotherapy or ruxolitinib is ongoing (https://clinicaltrials.gov/ct2/

show/NCT03669965). While encouraging to note response in the intolerant and refractory 

PV population, the sample size of 13 greatly limits projecting the clinical benefit this agent 

can provide PV patients. As next generation sequencing has revealed the common finding of 

gene sequence variants on the bone marrow complications in PV, identifying biomarkers that 

predict MDM2 efficacy could enrich patient population selection for this emerging therapy.

2.3. Mechanism: targeting iron metabolism pathway

Hepcidin, the main iron metabolism regulator in the body, inhibits the ferroportin receptor. 

In settings of iron deficiency, hepcidin is suppressed, allowing for increased iron absorption 

to facilitate red blood cell production (15). Modulating iron metabolism could provide 

needed benefit to the intricate relationship between chronic hematologic processes and 

iron stores. In a murine model of beta-thalassemia, a nonmalignant hematologic condition 

defined by ineffective erythropoeisis and iron overload, increased hepcidin levels proved 

to improve anemia, red blood cell maturation and splenomegaly([48]). This iron nutrient 

regulator may prove beneficial in PV. The mechanism of phlebotomy to facilitate hematocrit 

control is two-fold. First phlebotomy actively decreases a patient’s red blood cell mass 

at the time of intervention but with hyperproliferation this effect is transient. The second 

effect is through facilitating iron deficiency and limiting further erythropoiesis. A JAK2 

V617F mutated murine model was exposed to a minihepcidin-small molecule to facilitate 

phlebotomy-independent iron restriction and hematocrit control. The subcutaneous biweekly 

injection of the minihepcidin demonstrated hematocrit control, improved splenomegaly and 

reduction of erythroid progenitor cell after 3 weeks of therapy. Prolonged exposure resulted 

in iron deficiency ([49]). A Phase 2 study in patients with PV requiring routine phlebotomy 

is currently enrolling (https://clinicaltrials.gov/ct2/show/NCT04057040). This agent is in the 
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early stages of investigation, but future studies will be needed to define and quantify the 

effect of iron deficiency symptoms and side effects in PV patients. Keeping in mind that 

while phlebotomy impacts hematocrit and platelet count, it does not control white blood 

count, thus the impact of thrombosis must be carefully assessed and eventually compared to 

cytoreductive agents.

2.4. Mechanism: targeting erythroid lineage differentiation

In addition to the JAK/STAT, other cellular signaling pathways are involved in 

myeloproliferative neoplasms including Phosphoinositide 3-kinase (PI3 K)/protein kinase 

B (Akt)/mammalian target of rapamycin (mTOR) pathway ([50]). The PI3 K signaling is 

involved in erythropoietin-independent differentiation erythroid progenitors in PV ([51]). In 

vitro studies of JAK2 V617F mutated cell lines, both human and murine, treated with mTOR 

inhibition demonstrated inhibition of proliferation ([52]). The mTOR monotherapy inhibited 

proliferation through slowed cell cycling while combination therapy of mTOR and JAK 

inhibition increased apoptosis. Future clinical trials in humans will be necessary to assess 

efficacy and safety.

2.5. Mechanism: targeting cytokine

The JAK2-V617 F driver mutation, present in the great majority of PV patients, can increase 

sensitivity or independence of cytokines in PV cells leading to proliferation ([53]). Two 

receptors that interact with JAK2 mutated cells in the myeloproliferative phenotype are 

the insulin receptor substrates (IRS) 1 and 2 ([54]). In vitro investigation of a small 

molecule inhibitor, NT157, has been shown to inhibit expression of IRS1/2 receptors 

and inhibit phosphorylation JAK2 and STAT3/5. Additionally, NT157 has been shown to 

inhibit erythropoietin-independent colony formation in PV and specifically inhibit IRS1/2 

and STAT3/5 in JAK2 mutated cells with decreased proliferation and cell survivability. In 

combination with ruxolitinib, NT157 demonstrated no increase in apoptosis compared to 

monotherapy of ruxolitinib. ([55]). Future clinical trials in humans will be necessary to 

assess efficacy and safety.

3. Post-polycythemia vera

3.1. Antifibrotic agents

Complications of PV include transformation to distinct bone marrow malignancies including 

acute leukemia or myelofibrosis. Transformation to acute leukemia can occur in 4–5.4% 

of PV patients within 10 years. ([56])([19]). Myelofibrotic transformation is a rare but 

significant complication of polycythemia vera, termed post-polycythemia myelofibrosis 

(post-PV MF) associated with progressive splenomegaly, variable cytopenias, and decreased 

survival ([57]). The pathogenesis of this progressive marrow fibrosis is not entirely 

understood and is likely multifactorial including circulating proinflammatory cytokines 

and cellular interactions within the bone marrow environment including the osteoblastic 

cell lineage leading to hematopoietic stem cell dysregulation ([57]). The 15 year risk of 

developing this marrow event is 6% ([58]). While discussion of current and all emerging 

therapies in MF ([59])([60]) is beyond the scope of this article, the emerging data regarding 

antifibrotic agents will be discussed here. It is important to note that while these may 
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be relevant to PV patients these have only been studied in patients with MF. One agent 

that has been shown to decrease bone marrow fibrosis severity in patients with MF is 

PRM-151, a recombinant human pentraxin-2 protein that induces macrophage differentiation 

to either prevent of reverse fibrosis ([61]). In the phase 2 clinical trial of 27 MF patients, 

intravenous PRM-151 therapy alone or in combination with ruxolitinib was well tolerated 

with 6 individuals found to have decreased marrow fibrosis severity on repeat biopsy. It 

has also been shown to be beneficial in other fibrosing conditions including idiopathic 

pulmonary fibrosis ([62]).

4. Conclusion

Hydroxyurea or pegylated interferon in combination with low dose antiplatelet remains 

the cornerstone of front-line therapy for patients with PV. These agents pose a risk of 

resistance in nearly 25% patients or significant adverse events. Thus, there remains an 

unmet clinical need in patients with PV for safer and more effective agents that not only 

improve hematologic laboratory results and reduce the risk of thrombosis, but also mitigate 

the other complications of PV including bone marrow progression to fibrosis or leukemia 

and constitutional symptom mitigation. Research has identified a number of active targets 

ranging from transcription inhibition to iron metabolism, reflecting the complexity and 

variety of disease complications facing PV patients. Additional, larger studies are needed to 

better define efficacy and side effects and ideal patient characteristics for agent selection as 

the therapeutic armamentarium for PV expands.

5. Expert opinion

Treatment for polycythemia vera, the most common myeloproliferative neoplasm, has been 

predominantly focused on thrombosis risk reduction with few randomized controlled trials 

informing medical decision making. In fact, the ideal front-line cytoreductive therapy is 

currently undergoing investigation between oral hydroxyurea therapy vs interferon-alfa. As 

PV is a chronic, incurable malignancy in most patients, long-term follow up to assess 

the therapeutic impact on morbidity, mortality and bone marrow complications based on 

molecular response will take time. This is an important paradigm shift in PV, suggesting 

that science is poised to better answer the short- and long-term consequences of this 

disease by expanding response criteria and outcomes assessed in clinical trials. Since the 

identification of the JAK2 V617 F mutation associated with myeloproliferative neoplasms 

[3]), particularly the high prevalence in PV patients, investigation on the impact of JAK 

inhibitors and alternative mechanisms of action in this disease are being sought both in the 

laboratory and at the bedside. JAK inhibitors are continuing to be developed and assessed 

in myeloproliferative neoplasms, particularly in myelofibrosis and future generations may 

prove increasingly beneficial to PV patients in the post-hydroxyurea setting. As two of 

the most active therapeutic agents in this space, combination therapy of PegINF-alfa and 

ruxolitinib studies are also underway, with the goal of combining the benefits of both. 

One phase 2 study, assessing ruxolitinib in combination with pegIFN-alfa, enrolled 32 PV 

and 18 MF patients, reported preliminary results at 12 months([63]). In the PV patient 

population, no patient achieved a complete response, 9% achieved a partial response and 

44% a complete hematologic response. The JAK2 allele burden did decrease from a median 
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of 47% to 23% at 12 months. Six patients (18%) discontinued therapy due to treatment 

related adverse events with hematologic toxicity being the most common. The authors 

surmised that synergistic effect between the two agents may have increased treatment related 

toxicity and may also increase the durability of molecular response. Future combination 

studies – likely at lower drug doses – should be pursued. The field is innovating within 

established therapeutics to organize and optimize PV management. In addition to continuing 

to aggressively investigate approved agents, the field is also evaluating new mechanisms and 

targets to augment treatment outcomes and provide options for patients.

Most of the novel interventions described above currently under development in early stages 

can be categorized by 3 cell cycle mechanisms:

1. Modulation of genetic transcription

2. Modulation of erythroid cell lineage proliferation

3. Modulation of apoptosis

The major limitation at this time is the significantly early stage of most of these studies, 

with iron metabolism, cytokine regulation and erythroid cell lineage regulation occurring 

in murine models alone. Further studies are necessary to define and describe the efficacy, 

toxicity and tolerance of these agents in PV patients. Following further, larger studies 

quantifying these clinical outcomes, additional questions of timing, combination and long-

term consequences will need to be answered to inform medical decision making between 

patients and treating physicians.

In our view, modulation of apoptosis through MDM2 is one of the most promising therapies 

undergoing investigation in PV. This mechanism of action, unleashing cell regulated 

apoptosis through the MDM2 interaction with TP53, typically downregulated in malignancy, 

is being investigated in other cancers. ([64])([65])([66]. The early phase success of this 

target in PV with multiple endpoints ranging from hematologic to constitutional symptom 

response suggests the ability to meaningfully impact this complex disease. Due to the 

complicated physiological burdens of PV, a therapy with a single dimension of benefit, 

would likely either be inadequate, or require combination therapy to address the multiple 

aspects of the condition. Additionally, for a disease that imparts a high constitutional burden 

at baseline, a reportedly well tolerated agent is an important consideration. Due to the 

non-insignificant occurrence of next generation sequencing gene variants in PV, there is 

a possibility that biomarkers may identify patients with the highest likelihood for MDM2 

benefit. As JAK2 allele burden is being utilized more often as a reported clinical outcome 

in PV studies, the association of NGS variants on outcomes should be increasingly included 

and reported.

The other promising therapy, particularly in low risk patients, is through augmentation of the 

iron metabolism pathway through the pharmacologically derived iron deficiency restrictive 

erythropoiesis through a mini-hepcidin. This could provide ideal hematocrit control without 

the need for phlebotomy particularly for those patients fearful of the procedure, or for whom 

the repeat procedural necessity demands a significant time commitment. Lack of human 

clinical trials limits the ability to discuss key findings at this time. Major issues this agent 
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must answer in future studies include the duration of treatment necessary to effectively 

reduce and control hematocrit compared to traditional phlebotomy. Additionally, long term 

thrombosis risk will need to be assessed and compared to traditional phlebotomy, as the 

thrombogenesis in myeloproliferative neoplasms is not attributable to hematocrit alone.

As described above, future research and medical decision making in PV, will need to 

include predictive biomarkers for the various disease complications including thrombosis, 

constitutional symptoms and bone marrow evolution. This article highlights emerging 

novel therapeutics, and soon, PV patients and treating physicians will have more options 

for therapy selection requiring enhanced and nuanced medical decision making. Future 

treatment algorithms should be reflective of active disease burden. This may mean that those 

with venous thrombosis are best treated with one pharmacological therapy compared to 

those with arterial events. Certain systemic symptoms may be mitigated more effectively by 

one therapeutic agent compared to another, and understanding this agent specific efficacy 

would facilitate true individualization of therapy.

In addition to these pharmacological investigations, further understanding regarding 

improved risk stratification not just for thrombosis but for bone marrow progression is 

needed to better inform health care decision making and treatment selection. Additionally, 

further risk stratification or biomarkers to individualize therapeutic choices, improve 

response rates and minimizing adverse events are necessary as many of these patients 

receive treatment over several years posing a risk of treatment related adverse events in 

addition to the physiologic complications of this chronic malignancy. Future therapies in PV 

should be expected to alleviate the complex symptoms, physiologic risks and bone marrow 

progression to improve quality and length of life.
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Article highlights

• Current management of polycythemia vera (PV) is primarily focused on 

thrombosis risk reduction.

• Other considerations of PV therapy must consider constitutional symptom and 

bone marrow progression mitigation to acute leukemia or myelofibrosis.

• Active investigation into ideal front line therapy of interferon-based agents 

and their impact of decreasing janus kinase 2 allele burden will inform initial 

therapeutic decision making for patients and physicians.

• Combination therapy of current accessible and investigational agents may 

prove synergistic to improve and expand clinical outcomes.

• Early phase PV trials provide opportunities through new mechanisms of 

action to increase therapeutic options for second and third line.

This box summarizes key points contained in the article.
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Table 2.

Hydroxyurea resistance or intolerance in polycythemia vera.

Definition of Resistance/Intolerance to Hydroxyurea Requires only 1 of the following:

 Ongoing phlebotomy Need for ongoing phlebotomy to maintain HCT<45% after 3 months of at least 2 grams/day of 
hydroxyurea

 Myeloproliferation Uncontrolled myeloproliferation defined as both platelet count >400 × 109/L and white blood count >10 × 
109/L) after 3 months of at least 2 grams/day of hydroxyurea

 Splenomegaly Failure to reduce significant splenomegaly by >50% via physical exam or failure to completely resolve 
splenomegaly symptoms after 3 months of at least 2 grams/day of hydroxyurea

 Cytopenias Absolute neutrophil count <1.0 × 109/L; or
Platelet count <100 × 109/L; or
Hemoglobin <10 g/dL
Occurring at the lowest dose of hydroxyurea necessary to achieve a clinicohematologic response

 Nonhematologic Adverse 
Events

Including leg ulcerations, mucocutaneous manifestations, gastrointestinal symptoms, pneumonitis, or 
fever
Occuring at any dose of hydroxyurea
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