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Abstract: Polycythemia Vera (PV) is a chronic myeloproliferative neoplasm characterized 
by exuberant red cell production leading to a broad range of symptoms that compromise 
quality of life and productivity of patients. PV reduces survival expectation, primarily due to 
thrombotic events, transformation to blast phase and post-PV myelofibrosis or to develop
ment of second cancers, which are associates with poor prognosis. Current therapeutic first 
line recommendations based on risk adapted classification divided patients into two groups, 
according to age (< or >60 years) and presence of prior thrombotic events. Low-risk patients 
(age <60 years and no prior history of thrombosis) should be treated with aspirin 
(81–100 mg/d) and phlebotomy, to maintain hematocrit <45%. High-risk patients (age >60 
years and/or prior history of thrombosis), in addition to aspirin and phlebotomies, should 
receive cytoreductive therapy in order to reduce thrombotic risk. Nowadays hydroxyurea still 
remains the cytoreductive agent of first choice, reserving Interferon to young patients or 
childbearing women. During the last years, ruxolitinib emerged as a new treatment in PV 
patients, as second line therapy: it appeared especially effective in patients with severe 
pruritus, symptomatic splenomegaly, or post-PV myelofibrosis symptoms. Currently, in PV 
treatment, several molecules have been tested or are under investigation. At present, the drug 
that has shown the most encouraging results is givinostat.
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Overview
Polycythemia Vera (PV) is one of the chronic myeloproliferative neoplasms 
(MPNs) classified by the World Health Organization (WHO) and is characterized 
by aberrant hematopoiesis of myeloid lineage with exuberant red cell production 
and increased release of pro-inflammatory cytokines.1

In PV patients, a broad range of symptoms influence quality of life and 
productivity. Furthermore, PV reduces survival expectation, primarily due to throm
botic events, transformation to blast phase (BP) and post-PV myelofibrosis (PPV- 
MF) or to development of second cancers, which are associated with poor prognosis 
and modest response to therapy.2

Often, PV is suspected when high hemoglobin and hematocrit levels are dis
played in blood tests run for other clinical reasons.3

At diagnosis, half of the patients presents hypertension and elevated lactate 
dehydrogenase, while about a third shows a palpable splenomegaly, pruritus and 
vasomotor symptoms.4

Quality of life questionnaires reported that mild nonspecific symptoms as 
fatigue, early satiety, abdominal discomfort, bone pain, sexual dysfunction, 
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excessive sweating and itching could compromise the 
everyday routine and reduce quality of life.5,6 Moreover, 
the natural history of the disease may be characterized by 
worsening of these symptoms.

During the course of the disease, thrombosis affect 
29% of PV patients (arterial in 70% of cases),4 while 
progression to PPV-MF and BP about 9% and 3% of 
patients, respectively.

Significant associations between age and leukemia evo
lution or duration of the disease and risk of myelofibrosis7 

have been shown. Moreover, an international study 
demonstrated association between pruritus and superior 
survival, probably because of an earlier symptom-driven 
diagnosis.4

The majority (more than 90%) of PV patients exhibit 
Janus kinase 2 (JAK2) V617F mutation.8 JAK2 V617F is 
an exon 14 guanine to thymidine somatic mutation; how
ever, around 2% of PV patients do not exhibit JAK2 
V617F mutation, but insertions and deletions in exon 12.9

At diagnosis, patients with exon 12 mutations show 
higher hemoglobin levels and lower platelet and leukocyte 
counts; however, incidence of thrombosis, of evolution to 
myelofibrosis or leukemia, and mortality are similar in 
both groups.10

In the last years, several other genes mutations were 
identified by next-generation sequencing (NGS). These 
mutations did not show a diagnostic impact, because of 
their low specificity and frequency, but might be useful to 
recognize a subgroup of PV patients with increased risk of 
leukemic transformation.11

ASXL1, SRSF2, and IDH2 are associated with low 
survival, as independent prognostic factors;11 

a persistently high or a progressive rise of JAK2 V617F 
allele burden during cytoreductive therapy is the strongest 
predictor of myelofibrotic transformation12 even if it is 
more frequent in patients with SF3B1 and IDH1/2 
mutation.

In the present review, we address the treatment land
scape for PV patients with an update on the emerging 
therapeutic approaches. We discuss conventional and inno
vative treatments, focusing on the role they have in current 
therapeutic strategies and the hopes they carry for the 
future.

Diagnosis and Management of PV
The 2016 WHO Classification13 (Table 1) revised the 
previous diagnostic criteria for PV: elevated hemoglobin 
(Hb) and hematocrit (Hct) levels, bone marrow panmye
losis and JAK2 mutations were identified as major criteria 
and suppressed erythropoietin (EPO) level as minor cri
teria. Specifically, the Hb and Hct diagnostic thresholds 
were reduced to 16.5 g/dL and 49% for men, and 16 g/dL 
and 48% for women, respectively, allowing identification 
of a new entity, called “masked PV”, characterized by 
a worse outcome,14 probably due to missed or delayed 
diagnoses with a consequent delay in treatment.

PV treatment main goals are to control symptoms and 
prolong survival by preventing thrombosis, massive sple
nomegaly, and leukemic transformation.

In order to reduce thrombotic risk, treatments should be 
addressed not only to normalize Hb, Hct and leukocytosis 
but also to decrease cardiovascular risk factors, such as 
obesity, diabetes, hypertension, dyslipidemia and smoking. 
Most importantly, hypertension and its management have 
a primary role:15 some studies, in fact, suggest that angio
tensin converting enzyme inhibitors (ACE) inhibitors could 
also give a benefit in terms of reducing erythrocytosis.16,17

The cornerstone of thrombotic events prevention is 
represented by prophylaxis. In the multicenter ECLAP 
(European Collaboration on Low-Dose Aspirin in 
Polycythemia Vera) study, low dose aspirin (70–100 mg 
per day) showed a significant reduction (60%) of com
bined risk of non-fatal myocardial infarction, non-fatal 
stroke, pulmonary embolism, major venous thrombosis 
and death from other cardiovascular causes.18

Table 1 Diagnostic Criteria: All 3 Major Criteria or the First Two and the Minor One Must Be Present for the Diagnosis

Criteria for Diagnosis

Major Criteria Increased hemoglobin level (>16.5 g/dL in men or >16.0 g/dL in women), hematocrit (>49% in men or >48% in women), or 

other evidence of increased red cell volume;

Bone marrow (BM) biopsy showing hypercellularity for age with trilineage growth (panmyelosis) including prominent erythroid, 
granulocytic, and megakaryocytic proliferation with pleomorphic, mature megakaryocytes (differences in size);

JAK2 V617F or JAK2 exon 12 mutation.

Minor Criterion serum erythropoietin level below the reference range for normal
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Furthermore, it was suggested that twice-daily aspirin may 
be more effective than once daily dose in some cases,19 for 
example, in patients who are resistant to once daily dosing or 
considered at higher risk of arterial thrombosis.20

In CYTO-PV21 and PVSG-0122 studies, PV patients were 
treated with phlebotomy and/or chemotherapy (hydroxyurea- 
HU and chlorambucil, respectively) and were evaluated for 
the risk of thrombosis. The phlebotomy group shows longer 
overall survival; specifically, patients that maintained 
Hct<45% exhibited a lower rate of cardiovascular death 
and major thrombotic events than patients with Hct>45%.23 

However, another recent study seems not to support prog
nostic importance of Hct level in preventing thrombo- 
hemorrhagic complications in PV and requires a more 
aggressive control of these parameters.24 Nevertheless, it 
was also demonstrated that antiplatelet therapy, and not 
cytoreductive treatment, was significantly associated with 
lower risk of cardiovascular events.7

Current therapeutic first line recommendations based on 
risk adapted classification divided patients into two groups, 
according to age and presence of prior thrombotic events.

Low-risk patients (age <60 years and no prior history 
of thrombosis) should be treated with aspirin (81–100 mg/ 
d) and phlebotomy, to maintain Hct <45%.18,23

High-risk patients (age >60 years and/or prior history 
of thrombosis), in addition to aspirin and phlebotomies, 
should receive cytoreductive therapy (HU) in order to 
reduce thrombotic risk.21

Although HU is a manageable and well-tolerated drug, 
during the course of disease, almost one-fourth of patients 
becomes resistant (11%) or intolerant (13%) to HU 
therapy.21 Resistance and intolerance to HU have been widely 
studied but just in the contest of clinical trials25–28 (Table 2).

Interferon alfa2 (IFN-α2) or peginterferon alfa2 (peg- 
IFN-α2) and more recently ropeginterferon α-2b (ropeg- 
INF-α-2b) could be considered for specific subgroups of 

Table 2 Criteria for Resistance and Intolerance to the Most Common PV Treatments (Criteria for Ruxolitinib and Interferon Have 
Been Deduced from Approval Trials)

Resistance Intolerance

A) Hydroxyurea24 1. Need for phlebotomy to keep haematocrit <45% after 3  

months of at least 2g/day of Hydroxycarbamide, OR

Presence of leg ulcers or other unacceptable Hydroxycarbamide- 

related non-haematological toxicities, such as mucocutaneous 
manifestations, gastrointestinal symptoms, pneumonitis or fever 

at any dose of Hydroxycarbamide

2. Uncontrolled myeloproliferation, ie platelet count 

>400×109/l AND white blood cell count >10×109/l after 3  
months of at least 2g/day of Hydroxycarbamide, OR

3. Failure to reduce massive (10 cm above costal margin) 
splenomegaly by more than 50% as measured by palpation, 

OR failure to completely relieve symptoms related to 

splenomegaly, after 3 months of at least 2 g/day of 
Hydroxycarbamide, OR

4. Absolute neutrophil count <1·0×109/l OR platelet count 
<100×109/l or haemoglobin <100g/l at the lowest dose of 

Hydroxycarbamide required to achieve a complete or partial 

clinical-haematological response, OR

B) Ruxolitinib25 1. Relapsed: Ruxolitinib treatment for ≥ 3 months with 

spleen regrowth (< 10% spleen volume reduction or < 30% 
spleen size decrease from baseline), following an initial 

response. OR

Ruxolitinib treatment for ≥ 28 days complicated by 

development of red blood cell transfusion requirement (≥ 2 
units per month for ≥ 2 months), or grade ≥ 3 

thrombocytopenia, anemia, hematoma, and/or hemorrhage

2. Refractory: Ruxolitinib treatment for ≥ 3 months with <  

10% spleen volume reduction or < 30% decrease in spleen 
size from baseline

C) Interferon26,27 Unacceptable related non-haematological toxicities, such as 
fatigue, musculoskeletal pain, weakness and headaches, 

depression and cutaneous toxicities.
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patients (ie, younger or pregnant patients,29,30 or in those 
who refuse HU. However, interferons are not currently 
available in all countries.

In refractory or first-line intolerant patients, ruxolitinib 
(RUX) can be used; treatments for advanced disease are scarce 
and chemotherapy, ie, busulfan, may be used as an option.31 

An overview of dosage and schedule of most common thera
pies for PV management are summarized in Table 3.

Response Assessment
The European LeukemiaNet (ELN) and International Working 
Group Myeloproliferative Neoplasms Research and Treatment 
(IWG-MRT) response criteria for PV categorized the disease 
into complete remission (CR), partial response (PR), no 
response, and progressive disease (PD)32 (Table 4). Criteria 
include evaluation of signs and symptoms, peripheral blood 
counts, absence of vascular events, no disease progression and 
no bone marrow histological abnormalities. CR is achieved 
when all these criteria are met; PR is defined if only the first 
two criteria are met. Assessment of JAK2 V617F allele burden 
is not routinely used and does not influence treatment 
decisions.33

Current Treatment Options
Ruxolitinib
As previously described, PV is characterized by mutations of 
JAK2 gene, resulting in constitutive activation of JAK/signal 
transducers and activators of transcription (STAT) pathway. 
Drugs targeting JAK1/2 pathway were primarily evaluated for 
PV second line treatment in patients resistant or intolerant to 
first line available therapies and opened a new MPN therapeu
tic era.

RESPONSE Trial
RUX is the first JAK1/2 inhibitor evaluated in the inter
national, open-label Phase 3 RESPONSE trial, which 

included 215 patients with PV resistant or intolerant to 
HU,34–36 showing phlebotomy-dependence and/or pro
gressive splenomegaly. Patients were randomly assigned 
to receive the best available treatment (BAT) or RUX 
(10 mg twice daily), with the opportunity for the ones 
assigned to BAT to switch to the RUX arm if the response 
achieved at week 32 was not adequate.

Efficacy
The primary endpoint was both Hct control and a reduction 
in spleen volume of at least 35% at week 32 and was 
achieved in 21% of patients in the RUX arm vs 1% in the 
BAT arm (P<0.001).34 Specifically, Hct control was reached 
in 60% of patients treated with RUX vs 20% of those receiv
ing BAT; a 35% reduction in spleen volume was achieved in 
38% vs 1% of patients in the two groups, respectively. 
A complete hematologic remission (CHR) was more fre
quently achieved with RUX (24% vs 9%; P=0.003). 
Efficacy and safety were finally evaluated after 256 weeks 
of treatment.37 The treatment was completed by 65.5% of the 
patients in the RUX group, 1% in the BAT group and 65.3% 
of those who crossed over to the RUX arm. Of the 70 patients 
(63.6%) who reached an overall clinical and hematological 
response at week 32, 21 (30%) had a progression of disease 
by week 256. Among primary responders to RUX 6 of 25 
patients had progressed at the time of the final evaluation. 
Kaplan-Meier analysis estimated a probability of maintain
ing a primary response at week 256 of 0.74 (95% CI, 0.51–
0.88), while the estimated probability of sustained clinical 
and hematological response was 0.67 (95% CI, 0.54–0.77) 
and its median duration was not reached. The estimated 
probabilities of maintaining Hct control and at least 35% 
reduction in spleen size were 0.73 (95% CI, 0.60–0.83) and 
0.72 (95% CI, 0.34–0.91) respectively. The median overall 
survival (OS) by intention-to-treat analysis was similar for 
both arms (hazard ratio [HR], 0.95; 95% CI, 0.38–2.41). The 

Table 3 Dosage and Schedule of Most Common PV Treatments

Drug Dosage

Approved Hydroxyurea 0,5 −2 g/day

Ruxolitinib 10 mg twice day

Interferon-alpha 500,000–1million UI progressively increase to 2–3 million, 3 times weekly

Ropeginterferon alpha 2b Starting dose 45 μg weekly and titrated monthly in 45 μg increments up to a maximum of 180 μg weekly

Phlebotomy To maintain Hct <45%

Aspirin 81–100 mg daily

Busulfan Cycles at 2 mg/day

Under Development Givinostat 100 mg twice daily

Note: Adapted from Iurlo A, Cattaneo D, Bucelli C, Baldini L. New Perspectives on Polycythemia Vera: From Diagnosis to Therapy. Int J Mol Sci. 2020 Aug 13;21(16):5805. 
doi: 10.3390/ijms21165805. PMID: 32823537; PMCID: PMC7461104.78
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survival rates at 5 years were higher than what was reported 
previously in this HU resistant/intolerant PV population.35 

However, due to the extensive crossover of patients from 
BAT, the observed HR from this analysis represents 
a conservative estimate of RUX benefit and warrants further 
exploration.

Safety
65% of patients treated with RUX completed the study, with 
only 15% of patients discontinuing the study drug because 
of an adverse event (AE). Anemia and thrombocytopenia 
were the main hematological toxicities.34,37 Grade 3 or 4 
non-hematologic AEs were in order of frequency infection 
(3.5%), reactivation of Herpes zoster infection included, 
increased body weight (0.7%) and thromboembolic events 
(0.7%). Secondary malignancies rates per hundred patient- 
years of exposure were 7.0% in the RUX arm vs 4.1% in the 
BAT arm, and 4.5% in the crossover population.34,37 It is 
noteworthy that patients in the RUX arm also had longer 
prior exposure to HU at baseline, which could be an under
lying contributing factor for the increased rate of non- 
melanoma skin cancer (NMSC) observed in the RUX 
arm.37,38 Instead, no correlation with disease transformation 
was observed in RUX group.

It is also worth of note that RUX induced molecular 
response39 with sustained reductions in JAK2 V617F allele 

burden was observed in patients who were either randomized 
to RUX or received the drug after crossover from BAT.

RESPONSE-2 Trial
RUX was also evaluated in the RESPONSE-2 trial, 
a phase 3 study comparing RUX with BAT in PV patients 
resistant or intolerant to HU without palpable splenome
galy. A total of 149 patients were enrolled. Analysis was 
performed at week 80 or at discontinuation of the study. 
Primary endpoint was the proportion of patients achieving 
Hct control (<45%) at week 28. Secondary endpoints were 
CHR at week 28, and durability of Hct control and CHR.

Efficacy and Safety
Hct control was reached in 62% of patients in the RUX arm 
vs 19% of patients in the BAT arm (odds ratio [OR] 7.28 
(95% CI 3.43–15.45)). Among patients treated with RUX 
who obtained Hct response at week 28, the probability of 
a sustained response up to week 80 was 78%. Durable CHR 
at week 80 was reported in 24% of patients in the RUX 
group vs 3% in the BAT group. Safety data on RUX con
firmed the safety profile of the drug previously reported.40

Others
PV-related symptoms in patients treated with a stable dose 
of HU were specifically addressed in the RELIEF study. 
Patients with a controlled disease but who still reported 

Table 4 Disease Response Criteria; Sign and Symptoms are Assessed with the MPN-SAF TSS, Durable Resolution/Remission Means at 
Least 12 Weeks

Disease Response

Complete Remission A Durable resolution of disease-related signs including palpable hepatosplenomegaly, large symptoms improvement, AND

B Durable peripheral blood count remission, defined as: platelet count ≤400 ×109/L, WBC count <10 × 109/L, absence of 
leukoerythroblastosis, AND

C Without signs of progressive disease, and absence of any hemorrhagic or thrombotic events, AND

D Bone marrow histological remission defined as disappearance of megakaryocyte hyperplasia and absence of >grade 1 
reticulin fibrosis.

Partial Remission     A Durable resolution of disease-related signs including palpable hepatosplenomegaly, and large symptoms improvement, 
AND

B Durable peripheral blood count remission, defined as: platelet count ≤400 × 109/L, WBC count <10 × 109/L, absence of 
leukoerythroblastosis, AND

C Without signs of progressive disease, and absence of any hemorrhagic or thrombotic events, AND

D Without bone marrow histological remission, defined as the persistence of megakaryocyte hyperplasia

No Response Any response that does not satisfy partial remission

Progressive Disease Transformation into PV, post-ET myelofibrosis, myelodysplastic syndrome or acute leukemia
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symptoms were randomized 1:1 to receive RUX or HU 
with crossover to RUX allowed after week 16. The pri
mary endpoint was the percentage of patients with ≥50% 
reduction in symptoms and it was achieved in significantly 
more patients in the RUX arm. A statistically significant 
reduction in pruritus was also noted in the RUX arm.41

The MAJIC trial is a randomized Phase 2 trial 
of second-line administration of RUX vs BAT in essential 
thrombocythemia (ET) and PV resistant or intolerant to 
first-line treatments. Although the trial includes patients 
with ET, two sub-analyses were recently presented42,43 

that focused on comparing responses between the 2 arms 
in the PV group. The trial allowed comparisons on longer 
follow-up, as populations of both arms were followed up 
until 2.6 years.41,42

A recent systematic review and meta-analysis on RUX 
for prevention of thrombosis in PV were published by 
Masciulli et al showing an overall thrombosis annual inci
dence rate of 4.30% (95% CI, 3.00–5.60); the rate for BAT 
was 5.51% (95% CI, 3.72–7.30), and the rate for RUX was 
3.09% (95% CI, 1.22–4.96). Authors concluded that the 
number of thrombotic events reported with RUX was 
consistently lower than that with BAT, but, globally, the 
difference did not reach significance.44

Interferons
Overview
As known, in MPN, one of the most active downstream 
transduction pathway is JAK/STAT.45 This pathway over
stimulates interferons alpha receptors expression. Due to 
the hyperactivity of JAK mutant proteins in JAK2 mutated 
MPN, MPN cells display high rate of interferons alpha 
receptors.46,47

Also, a possible role of inflammation in the pathogen
esis of MPN has been described, as JAK2 V617F mutation 
increases reactive oxygen species (ROS) levels.48 

Moreover, ROS have been shown to inhibit T-cell func
tion, so, for the JAK2 mutated clone is easier to escape 
from cellular immunity.49

In the last 5–10 years, various studies showed that, in 
MPN, INF-α2 can sustain long hematological and mole
cular responses50,51 that could be maintained until 3 years 
after discontinuation.52 Furthermore, INF-α2 can remodel 
bone marrow architecture:53 in some patients it completely 
reverts the bone marrow PV histological features.

For many years, the main problem connected with the 
use of interferon (INF) has been the high rate of disconti
nuation, due to the numerous AEs.54 Over the last 5–10 

years, pegylated (peg) interferons (peg-INF-α2 and ropeg- 
INF-α-2b) have been developed and studied in MPN: the 
peg-chain protects the molecule from early degradation and 
it can be administered weekly or biweekly. Peg-interferons 
are reported to have a higher tolerability profile27 compared 
to INF-α2; peg-INF-α2 also shows higher molecular 
response rates in PV and ET.51,55

Nowadays, INF-α2 and peg-INF-α2 are being recog
nized as the treatment of choice in early stages of MPN 
disease: in literature, more than 1000 patients have been 
enrolled in single arm clinical studies.50,51,54–57

Many clinical trials showed that a majority of PV 
patients obtained a CHR in the first 6 months of IFN-α2 
therapy, together with a reduction of JAK2 V617F allele 
burden.53,55,58 The decrease of thrombocytosis and the 
reduction of JAK2 V617F allele burden can contribute 
also to lower risks of second cancers.59,60

INF-α2 as BAT in RESPONSE Studies
When IFN was chosen as BAT in the RESPONSE stu
dies, only 19% of patients treated with IFN reached Hct 
control vs 62% of the subjects who received RUX. This 
is consistent with the data observed with other types of 
BAT.40,61 In this population of HU-resistant or intolerant 
patients, RUX consistently outperformed IFN also con
cerning symptom relief, spleen volume reduction, 
decrease phlebotomy necessity and improvement in 
CHR.40,61 Additionally, it was demonstrated that a prior 
IFN use did not affect toxicity profile and efficacy of 
RUX. In fact, the proportion of primary responders (who 
achieved Hct control) in the overall RUX-treated popu
lation (60% and 64% in RESPONSE and RESPONSE-2 
trial, respectively) was comparable with that in the 
RUX-treated patients with IFN exposure before rando
mization (61% and 67%, respectively).40,61

Following crossover to RUX in the RESPONSE stu
dies, patients treated with IFN in the standard arm exhib
ited clinical improvements in hematologic and spleen 
responses and an overall reduction in phlebotomy require
ments. Furthermore, the rates of the most common toxi
cities decreased after crossover to RUX, except for 
infections. Even if the number of IFN-treated patients 
evaluated in this study is quite small (n = 26), the findings 
suggest that treatment with IFN following HU resistance 
or intolerance may not be adequate to fully control PV 
probably due to advanced disease in patients enrolled in 
the RESPONSE studies.61,62
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However, IFN in the RESPONSE studies was adminis
tered in five different forms and at various doses and this 
could have undermined the response rate confronted to the 
homogeneous treatment regimens of other trials. Although 
it is consistent with the low incidence (≈ 9%) of IFN use 
reported in literature,62 the fact that IFN was chosen rarely 
as BAT in both studies (14% of BAT-treated patients) may 
be due to the scarcity of data from randomized phase 3 
trials and poor experience with IFN treatment in the clin
ical setting, probably as a consequence of the lack of IFN 
approval and reimbursement in PV in some countries.62

Others
Silver et al57 analyzed IFN-α2 treatment in 55 PV patients 
previously treated with phlebotomies alone or phlebo
tomies plus HU, with a median follow-up of 13 years. 
CHR were achieved after 1 or 2 years of therapy. 
Disease free survival was 10 years. All patients experi
enced flu-like symptoms (such as fever, muscle aches, 
chills and fatigue) as main AE but only eight patients 
had to discontinue the treatment. It is important to note 
that the 2006 CHR criteria were different from the more 
recent ones:63 in 2006, CHR was defined, among others, 
by platelet count <600 × 109/L whereas the actual criteria 
establish a CHR for platelet count ≤400 × 109/L.

Peg-IFN-α2
Peg-IFN-α2 was studied in a Phase II trial with 7-years of 
follow-up in 83 ET and PV patients, previously treated 
with HU, anagrelide or phlebotomies. Overall hematolo
gical responses were 80% and molecular responses 63%. 
22% of patients discontinued treatment due to therapy 
toxicity. Rates of transformation to myelofibrosis or acute 
myeloid leukemia were similar to the cases used as histor
ical control series.50

In PV patients resistant or refractory to hydroxyurea, 
peg-IFN-α2 can achieve an overall response rate of 60% 
after 12 months of therapy. Patients with CR showed 
a significant reduction of JAK2 V617F variant allele frac
tion compared to PR or NR patients. Treatment was asso
ciated with a significant rate of AE: mainly anemia and 
leucopenia, observed in 25% and 20.3% of patients, 
respectively. The most frequent non-hematological AE 
was fatigue (43.8%), followed by headache (31.3%), nau
sea and pruritus (23.4%).58

MPN-RC 112 was a randomized Phase III clinical trial 
comparing HU and peg-IFN-α2 as first line treatment in high- 
risk PV and ET patients. CR rates at 12 and 24 months were 

similar in the two groups, with no significant differences. 
Higher AE rates were detected in peg-IFN-α2 arm. Similarly 
in both arms, a decrease of karyotypical abnormalities and 
JAK2V617F variant allele fraction (VAF) was shown.64

Being PV a chronic disease, we have to consider the 
general rule of cancer biology: MPN typical molecular 
mutations cause genomic instability and this can easily 
lead to clonal evolution. A new approach, based on the 
evidence that IFN can induce deep and long molecular 
remissions (<1% mutated JAK2V617F alleles), suggests 
that an early treatment could inhibit the malignant clone 
and improve the long-term outcomes of PV patients, even 
after years of therapy discontinuation.53 In a recent study, 
a combination therapy with peg-IFN-α2 and RUX has 
been evaluated in resistant or intolerant to IFN-α2 therapy 
PV and myelofibrosis patients. In PV patients, CHR were 
44% and PR 9%; JAK2 V617F allele burden decreased in 
all responders and hematological toxicity was the main 
AE. Discontinuation rate was about 20%. Further rando
mized studies are needed to confirm these results.65

Ropeg-INF-α-2b
In a prospective phase I/II study, the mono-peg-IFN-α2b 
isoform, ropeg-INF-α-2b, administered every two weeks, 
was studied in 51 PV patients (1/3 of patients was on HU 
therapy and 2/3 of patients were treated with phlebo
tomies). The hematological overall response rate was 
90% (CR 47%, PR 43%); complete molecular responses 
(CMR) were seen in 21% of patients, while partial mole
cular response (PMR) in 47%. There was no correlation 
between dose levels and response rate or duration, sug
gesting that ropeg-INF-α-2b can be used at low doses, 
reducing toxicities. Toxicities were acceptable (only 20% 
of patients experiences flu-like symptoms).66

Phase III randomized clinical trials, PROUD-PV and 
its extension study CONTINUATION-PV, compared 
ropeg-INF-α-2b and HU in 257 PV patients, either new 
to cytoreduction or HU experienced (but neither intolerant 
nor complete responders). A hematologic response was 
observed in 43% (ropeg-INF-α-2b arm) vs 46% (HU 
arm) of patients at 12 months (PROUD-PV) and in 71% 
(ropeg-INF-α-2b arm) vs 51% (HU arm) of patients at 36 
months (CONTINUATION-PV).67

Need for phlebotomy within 3 months dropped from 86% 
to 6%. Almost 37% of patients treated with ropeg-INF-α-2b 
achieved a JAK2 molecular response (PMR or CMR).68 The 
most frequently reported grade 3 and grade 4 AEs were 
increased γ-glutamyltransferase (6%) and increased alanine 
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aminotransferase (3%) in the ropeg-INF-α-2b group, and 
leucopenia (5%) and thrombocytopenia (4%) in the standard 
therapy group. Ropeg-INF- α-2b related serious AEs 
occurred in 2% of patients vs 4% in HU group. (stessa ref)

Recently, Barbui et al showed that supplementing phle
botomy with ropeg-INF-α-2b seems to be safe and effec
tive in steadily maintaining Hct values on target even in 
low-risk PV patients.69

Emerging Treatments
Currently, in PV treatment, several molecules have been 
tested or are under investigation. These novel agents are 
evaluated not only to address the standard goals of PV 
treatment but also with the aim to act directly on the 

malignant clone in order to arrest or delay disease 
progression.70 Unfortunately, many trials have failed to 
reach a significative improvement in terms of response 
rates and symptoms relief (Table 5), but others are still 
ongoing and the results will be available in the next years 
(Table 6). At present, the drug that has shown the most 
encouraging results is givinostat.

Givinostat
Epigenome regulates gene expression; changes to the epi
genome can result in changes to the structure of chromatin 
and changes to the function of the genome. For this reason, it 
has become in the last years an attractive target in cancer. 
Histone modifications play a central role in epigenetics of 

Table 5 Failed Clinical Trials

N° Official Title Phase Status Year Results

NCT03287245 A Study to Evaluate the Efficacy, Safety, 

Pharmacokinetics and Pharmacodynamics of 

IDASANUTLIN Monotherapy in Participants With 
Hydroxyurea-Resistant/Intolerant Polycythemia Vera

2 Terminated 2020 The sponsor decided to discontinue 

the development of idasanutlin in the 

polycythemia vera indication

NCT01998828 A Phase 2, Open-label, Randomized Study to Evaluate 
the Safety and Efficacy of MOMELOTINIB in Subjects 

With Polycythemia Vera or Essential 

Thrombocythemia

2 Terminated 2015 This study was terminated due to lack 
of efficacy

NCT01243073 A Phase II Trial to Evaluate the Activity of 

IMETELSTAT (GRN163L) in Patients With Essential 
Thrombocythemia or Polycythemia Vera Who Require 

Cytoreduction and Have Failed or Are Intolerant to 

Previous Therapy, or Who Refuse Standard Therapy

2 Completed 2015 No results available

NCT01420783 A Randomized Phase II, Open-Label Study of the 

Efficacy and Safety of Orally Administered SAR302503 
in Patients With Polycythemia Vera (PV) or Essential 

Thrombocythemia (ET) Who Are Resistant or 

Intolerant to Hydroxyurea

2 Completed 2014 No results available

NCT01038856 Trial of ERLOTINIB in Patients With JAK-2 V617F 
Positive Polycythemia Vera (OSI-TAR-766)

2 Completed 2014 The study was terminated by the 
sponsor

NCT00586651 An Open-Label Study of Oral CEP-701 in Patients 
With Polycythemia Vera or Essential Thrombocytosis 

With the JAK2 V617F Mutation

2 Completed 2010 Primary outcome (≥15% reduction in 
JAK2-V617F allele burden in 15% of 

patients) not met

NCT00538980 A Phase II, Non-Randomized Study of the Use of 

DASATINIB (Sprycel) in Treating Patients With 

Polycythemia Vera (PV) BMS Protocol Number: 
CA180-104

2 Terminated 2010 This study was terminated due to lack 

of efficacy

NCT01120821 A Phase II Trial of the Treatment of Polycythemia Vera 
With GLEEVEC

2 Completed 2010 No results available
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cancer. Particularly, histone deacetylation, catalyzed by his
tone deacetylases (HDACs), is known to be responsible for 
silencing tumor suppressor genes expression.71

Givinostat is an orally bioavailable, potent inhibitor of 
class I and II HDACs. It has been demonstrated that 
in vitro it induces apoptosis of neoplastic cells and inhibits 
the synthesis of many pro-inflammatory cytokines. It also 
acts directly on the JAK2V617F mutated cells reducing 
their proliferation through a process involving downmo
dulation of JAK2 protein and inhibition of its downstream 
signaling. In addition, givinostat promotes the growth of 
non-mutated over mutated colonies showing the potential 
to restore normal hematopoiesis in PV patients.72,73

The efficacy and safety of givinostat at a starting dose of 
50 mg twice daily were evaluated in a pilot phase IIA study 
enrolling 29 JAK2 V617F-positive MPN patients, 12 of 
whom with PV. In the PV cohort, one complete and six 
partial hematological responses were reached, while 2 
patients discontinued treatment. Seven out of ten PV patients 
(70%) reached a phlebotomy free status; splenomegaly and 
pruritus were resolved in 70% (7/10) and 90% (9/10) of 
patients, respectively. Reduction of JAK2 V617F allele bur
den was also reported. Therapy was safe with no severe 
toxicities recorded.74 In a subsequent randomized phase II 
study including 44 PV patients unresponsive to HU, givino
stat was evaluated at a dose of 50 mg once daily or twice 
daily in combination with HU at maximum tolerated dose 
(MTD). Complete plus partial responses were achieved in 
55% vs 50% of patients treated with 50 and 100 mg/day, 
respectively. Pruritus control was achieved in 64% versus 

67% of subjects, respectively. Grade 3 AEs were recorded in 
low similar percentages (about 4.5%) in both groups, while 
no patients reported grade 4 AEs.75 Subsequently, 
a multicenter clinical trial evaluating long-term efficacy and 
safety of givinostat was performed, allowing PV patients 
achieving clinical benefit from the drug to continue the 
treatment. A total of 45 patients were enrolled and received 
treatment for a median of 4 years, including 32% of patients 
treated for ≥7 years. Complete and partial hematological 
remissions were reported in 11% and 89% of patients, 
respectively. A reduction of Hct below 45% without phle
botomy and a normal spleen size were both observed in 56% 
of patients; control of pruritus was achieved in 89% of 
subjects. The overall incidence of thrombosis was 2.3% 
patients/year. Reduction of JAK2 V617F allele burden was 
reported in 22% of the subjects. Givinostat was well tolerated 
also during long-term treatment with only three grade 3 and 
no grade 4 toxicities observed.76 Recently, a phase Ib/II study 
was developed with the aim to determine the MTD of givi
nostat as monotherapy. The recommended dose identified in 
the first phase of the study was 100 mg twice daily in 4-week 
cycles. Thirty-five patients were then enrolled in the phase II 
part; the overall response rate was 80.6%, 3 patients achieved 
CR after 3 cycles and 1 after 6 cycles. In addition, efficacy in 
terms of symptoms relief and a significant decrease in 
JAK2V617F VAF were observed. The safety of givinostat 
was confirmed, with only two grade 3 toxicities recorded.77 

On the basis of the encouraging efficacy and safety data of 
the early phase trials, a global phase III study that will 
evaluate the efficacy of givinostat versus HU in untreated 

Table 6 Ongoing Clinical Trials

N° Official Title Phase Status

NCT03669965 A Two-Part, Randomized, Open-label, Multicenter, Phase 2a/2b Study of the Efficacy, Safety, and 
Pharmacokinetics of KRT-232 Compared to Ruxolitinib in Patients With Phlebotomy-Dependent 

Polycythemia Vera

2 Active, not 
recruiting

NCT03003325 The Benefit/Risk Profile of PEGYLATED PROLINE-INTERFERON ALPHA-2B (AOP2014) Added to 

the Best Available Strategy Based on Phlebotomies in Low-risk Patients With Polycythemia Vera (PV). 

The Low-PV Randomized Trial

2 Active, not 

recruiting

NCT04182100 Phase 2 Single Arm Study of Efficacy and Safety of P1101 for Polycythemia Vera (PV) Patients for 
Whom the Current Standard of Treatment is Difficult to Apply

2 Recruiting

NCT04262141 Investigator-Initiated Trial of the LSD1 Inhibitor IMG-7289 for the Treatment of Patients With 
Essential Thrombocythemia (ET) or Polycythemia Vera (PV) That Have Failed at Least One Standard 

Therapy

2 Recruiting

NCT02493530 TGR-1202 + Ruxolitinib in Subjects With Myelofibrosis, MDS/MPN, or Polycythemia Vera Resistant 

to Hydroxyurea

1 Active, not 

recruiting
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high-risk JAK2 V617F PV patients has been planned for the 
next future.

ASH2020 News
At the last ASH meeting data from a phase II study with 
idasanutlin on 16 HU-resistant/intolerant patients were 
presented. At week 32, 8 of 16 pts (50.0%) achieved 
a CHR, overall response rates per modified ELN response 
criteria in patients with baseline splenomegaly, patients 
without baseline splenomegaly and in all patients were 
69.2% (9 of 13), 66.7% (2 of 3) and 68.8% (11 of 16), 
respectively; moreover, 6 of 14 pts (42.9%) had a ≥ 50% 

reduction in the Myeloproliferative Neoplasm Symptom 
Assessment Form Total Symptom Score (MPN-SAF-TTS) 
. However, the low-grade gastrointestinal toxicity profile 
of idasanutlin was not effectively mitigated with antie
metic prophylaxis and led to frequent discontinuations, 
greatly limiting the possible use of idasanutlin in these 
patients.75

A phase II trial, evaluating PTG-300, a hepcidin-mimetic, 
in 13 PV patients and ≥3 phlebotomies with or without con
current cytoreductive therapy, showed efficacy in reversing 
iron deficiency and eliminating the need for phlebotomy in 
both low and high-risk patients.76

Figure 1 Flow chart indicating suggest approach to patients with diagnosis of PV. §Use the one which was not used as first line. 
Abbreviations: INF, interferon; HU, hydroxyurea; low risk, age<60 and no history of prior thrombosis; high risk, age >60 and positive history of prior thrombosis
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Conclusions
In conclusion, the main aims in the treatment of PV 
patients are the reduction of thrombosis events and the 
decrease of symptoms burden, both crucial for impairing 
patient’s quality of life. Modern therapies for PV, while not 
curative, can relieve symptoms and prolong survival. As 
summarized in Figure 1, treatment options should be based 
on age and history of thrombosis.

Hydroxyurea remains still nowadays the cytoreductive 
agent of first choice, reserving Interferon to young patients 
or childbearing women, since it is an appropriate thera
peutic option but not available in many countries.

During the last years, ruxolitinib emerged as a new treat
ment in PV patients, as second line therapy: it appeared 
especially effective in patients with severe pruritus, sympto
matic splenomegaly, or post-PV myelofibrosis symptoms.

Many emerging treatments have been evaluated in the 
last years, especially for HU resistant patients. Unfortunately, 
conclusive results are still lacking. At present, givinostat 
seems to be the most promising novel drug and a phase III 
trial is ready to start in the near future. Givinostat complete 
clinical trials results will be available in the next years.

There are still open questions about more consoli
dated PV treatments, for example, studies comparing 
IFN and ruxolitinib might be of interest but are lack
ing. Furthermore, the evolving response criteria make 
it difficult to compare the results of clinical trials con
ducted in different periods of time. For all these rea
sons, further efforts are needed to define the best 
current therapeutic approach in PV patients and to 
find the most promising novel drugs that will be avail
able for the future.
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