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Abstract

Introduction: Polycythemia vera (PV), a Philadelphia chromosome-negative myeloproliferative 

neoplasm, is characterized by panmyelosis, pancytosis and a JAK2 mutation. Patients are at 

increased risk of thrombohemorrhagic events, and progression to myelofibrosis or acute leukemia. 

Current treatments include aspirin, phlebotomy and cytoreductive drugs (most commonly 

hydroxyurea). Givinostat is a potent, class I/II histone deacetylase (HDAC) inhibitor that is in 

phase I/II clinical trials in PV, was well-tolerated and yielded promising clinico-hematological 

responses. A phase III study versus hydroxyurea in high-risk PV patients is planned.

Areas Covered: We present an overview of PV, current treatment guidelines, and the putative 

mechanism(s) of action of givinostat. We discuss the preclinical and clinical studies of givinostat 

in PV and briefly review approved and investigational competitor compounds.

Expert Opinion: HDAC inhibitors have long been known to be active in PV, but chronic 

toxicities can be challenging. Givinostat, however, is active and well-tolerated, and is entering a 

pivotal Phase III randomized trial. It offers the possibility of replacing hydroxyurea as the standard 

first line cytoreductive choice for PV patients. This would transform the current therapeutic 

paradigm and guidelines for PV management. Although surrogate clinical study endpoints may 

suffice for regulatory purposes, thrombosis reduction and the prevention of disease progression are 

most important to patients and clinicians.
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1. Introduction

Polycythemia vera (PV) [1-3], essential thrombocythemia (ET) and primary myelofibrosis 

(PMF) are the three classic Philadelphia-chromosome-negative chronic myeloproliferative 

neoplasms (MPNs) [4,5]. MPNs are caused by clonal proliferation arising at the 

hematopoietic stem cell level, and manifest distinct clinical phenotypes [4]. PMF and ET are 

the most aggressive and indolent classic MPNs, respectively [3]. PV, the most prevalent 

MPN [6], is primarily characterized by erythrocytosis, but leukocytosis and thrombocytosis 

are common. PV is associated with a substantial risk of thrombosis and hemorrhage. The 

survival of patients with PV is significantly inferior to that of an age- and sex-matched 

population (median 18.9 years) [7,8] and the cumulative incidence risk of disease 

progression to post-PV acute myeloid leukemia (AML), the most devastating complication, 

is 5.5-18.7% and 7.9-17% at 15 and 20 years, respectively [9], with or without an 

intervening post-PV MF phase. Progression to post-PV MF, transformation to AML [10,11] 

and major thrombotic events are the leading causes of PV mortality. In addition, patients 

with PV exhibit abnormal levels of inflammatory cytokines and a broad range of symptoms 

[12], including pruritus, fatigue, splenomegaly, and bone pain, which compromise quality of 

life.

The majority of MPN patients harbor the mutation V617F in the pseudokinase domain of the 

Janus kinase 2 (JAK2) gene [13,14]. JAK2V617F is considered a ‘driver’ mutation [15] that 

plays a pivotal role in PV pathogenesis by constitutively activating the JAK-signal 

transducer and activator of transcription 3/5 (STAT3/5) signaling pathway, leading to ligand-

independent proliferation of hematopoietic stem and progenitor cells [13,16,17]. JAK2 
mutations are detected in virtually all PV patients (≈ 95% harbor JAK2V617F in exon 14 and 

~4% bear other JAK2 mutations in exon 12) and 50-60% of PMF/ET patients (all V617F) 

[14]. The pathogenetic role of some non-canonical mutations in JAK2 has been increasingly 

recognized in recent years [18]. Mutations (indels) in exon 13 of JAK2 have recently been 

shown to give rise to a novel MPN characterized by a PV-like phenotype, accompanied by 

eosinophilia [19]. Among the seven DNA-binding STAT proteins regulating transcription of 

genes that are important in cell proliferation and survival upon STAT activation 

(phosphorylation) [20], deregulated STAT5 activation induced by JAK2V617F is absolutely 

necessary for PV pathogenesis [21,22,23,24].

2. Overview of the market

Currently, no curative treatments are available for PV, and therapeutic options are focused on 

prevention of thrombotic/hemorrhagic events, and alleviating symptom burden [3,25]. Strict 

control of the hematocrit to values <45% is a key management goal in PV that was 

established by the seminal CYTO-PV study [26]. Prior history of thrombosis and age ≥60 

years are considered high-risk features in PV. The guidelines from the European 

LeukemiaNet (ELN) [27] and the National Comprehensive Cancer Network (NCCN) [28] 

recommend cytoreductive therapy in high-risk patients, while phlebotomy is typically 

indicated for low-risk patients. In general, all patients with PV should have daily low dose 

aspirin, unless contraindicated (e.g., in patients with acquired von Willebrand’s disease) 

[29]. Cytoreduction may be required in low-risk patients with new thrombosis or disease-
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related major bleeding, progressive leukocytosis, symptomatic thrombocytosis, poor 

tolerance of phlebotomy, intractable symptoms or progressive splenomegaly [28,30].

Hydroxyurea (HU) [27,28] and, more recently, recombinant pegylated interferon-alpha [31] 

have been recommended as frontline cytoreductive treatments for high-risk PV patients. The 

ELN [27] and NCCN [28] guidelines suggest consideration of non-pegylated and pegylated 

interferons in younger patients given concerns for skin cancer and leukemic transformation 

with prolonged HU use. Interferons, which are non-teratogenic, are also preferred in 

pregnancy. However, about 24% of PV patients treated with HU develop resistance [32] or 

intolerance (development of mucocutaneous ulcers, fever or myelosuppression). Interferon 

alpha is an option for HU-resistant/intolerant PV patients [33]; however, the high incidence 

of adverse events has limited widespread or long-term use [34]. Pegylated formulations of 

interferon alpha have been used off-label for PV treatment because they are better tolerated 

and more stable, resulting in lower injection frequencies compared to conventional 

interferon; however, even pegylated interferon alpha-2a has been associated with 

considerable adverse events and relatively high rates of discontinuation [33,34]. Of interest, 

the longer acting ropeginterferon alpha-2b (monopegylated proline interferon), administered 

every 2 weeks, could ultimately replace currently used interferon formulations [35]. A recent 

study showed that ropeginterferon alpha-2b potently targets JAK2V617F+ cells in vivo and in 
vitro [36]. The phase III PROUD/CONTINUATION-PV randomized trial and its extension 

study clearly demonstrated that ropeginterferon alpha-2b was well-tolerated and superior to 

HU at 3 years of follow-up (and beyond, though not at 1 year) for the treatment of high-risk 

PV patients (treatment naïve or minimally treated with HU) [37]. Ropeginterferon alpha-2b 

was significantly superior to HU in terms of complete hematological (CHR) and molecular 

(decrease of JAK2V617F allele burden) responses; and regarding the composite outcome of 

complete hematological responses plus reduction in disease burden (splenomegaly and PV-

associated symptoms) in high-risk PV patients [37]. In February 2019, the European 

Medicines Agency (EMA) approved ropeginterferon alpha-2b (Table 1) for the frontline 

treatment of PV patients without symptomatic splenomegaly.

In December 2014, the U.S. Federal Drug Administration (FDA) approved ruxolitinib (oral 

JAK1/2 inhibitor) as a second line treatment for HU-intolerant/resistant PV patients, on the 

basis of the findings of the RESPONSE trial [38]. The 5-year follow-up of this phase 3 trial 

[39] further underscored the fact that ruxolitinib confers durable and effective hematocrit 

control, and significantly improves splenomegaly, symptoms and overall quality of life in 

PV patients not responding to or intolerant of HU [40,41,42]. Ruxolitinib also demonstrated 

efficacy as a first-line treatment in patients with high-risk PV (in terms of decreasing 

erythrocytosis, phlebotomy, splenomegaly and pruritus) in the ongoing Ruxo-BEAT clinical 

trial that is being conducted in Germany (NCT02577926) [43]. Despite the clinical benefits 

of ruxolitinib in PV, it does not appear to alter the natural history of the disease [44]. 

Furthermore, hard data are still lacking to support a statistically significant reduction by 

ruxolitinib in thromboembolic events in patients with PV [45] although, intriguingly, in the 

laboratory, ruxolitinib impairs neutrophil extracellular trap formation in MPN patient 

samples [46]. Ruxolitinib also controls leukocytosis, which has been found to independently 

predict thrombosis in PV [47], although not all studies have found this to be the case [48].
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The quest for disease-modifying agents in PV, along with the significant unmet needs of the 

subgroup of HU-resistant/intolerant patients (at increased risk of disease transformation and 

death [49]) spurred the exploration of other novel PV treatments. In this respect, alternate 

mechanism-based agents, such as human double minute 2 (HDM2) inhibitors, hepcidin 

mimetics, and histone deacetylase (HDAC) inhibitors have been investigated.

HDM2, the physiologic negative regulator of p53, is upregulated in MPN hematopoietic 

progenitor cells that harbor JAK2V617F and wild-type TP53 [50]. HDM2 inhibitors prevent 

the proteasomal degradation of p53 and thus trigger p53-dependent apoptosis. In preclinical 

studies, activation of p53, achieved through blockade of the p53-HDM2 interaction in 

CD34+ progenitor cells from PV and MPN patients by nutlins, increased apoptosis [50, 51]. 

The oral HDM2 inhibitor KRT-232 is currently in clinical development for HU-resistant/

intolerant patients with phlebotomy-dependent PV [52] (Table 1), following demonstration 

of activity and safety of another HDM2 inhibitor, idasanutlin, in a small, investigator-

initiated study [53]; however, a subsequent global phase II trial of the latter drug 

(NCT03287245) was prematurely terminated. Injectable peptide mimetics of hepcidin, such 

as PTG-300, are also being studied for the treatment of phlebotomy-dependent patients with 

PV (Table 1). The peptide hormone hepcidin, primarily secreted by hepatocytes, is a master 

regulator of iron absorption and metabolism [54]; preclinical studies in PV mice 

demonstrated that exogenous minihepcidin normalized hematocrit levels and improved 

splenomegaly [55].

The interest in HDACs as novel targets for drug development stems from the pleiotropic 

roles they play in neoplastic cells [56], including their regulatory role in the expression of 

numerous genes (for example, HDACs modulate expression of pro-apoptotic or tumor 

suppressor genes), and aberrant activity in many cancer types [57], including MPNs. Besides 

universally activating the JAK/STAT pathway, JAK2V617F can promote myeloproliferation 

by phosphorylating histone H3 after translocating to the nucleus [13,58]. This action, in turn, 

impairs the binding of HP1α to chromatin, ultimately promoting the transcription of 

thousands of genes. Furthermore, significantly upregulated HDAC expression [57] has been 

reported in patients with chronic MPNs; two studies showed that HDAC4, HDAC5, HDAC6, 

HDAC9, and HDAC11 were elevated in patients with PV [59,60]. Splenomegaly was 

associated with increased levels of HDACs in MF patients [60], and progressive increase of 

HDAC6 levels was reported during disease evolution from PV to MF [59]. A recent study 

demonstrated that HDAC11 is required for proliferation and survival of oncogenic JAK-

driven MPN cell lines and MPN patient specimens [61]. Collectively, the involvement of 

HDACs and epigenetic dysregulation in MPN pathogenesis [62,63,64,65] together with the 

critical role of JAK2 and its downregulation by HDAC6 inhibitors via interference with 

acetylation of the chaperone protein heat shock protein 90 (HSP90) [66], spurred interest in 

exploring HDAC inhibitors as a novel treatment for MPNs [57,67,68,69,70].

3. Givinostat

3.1. Introduction

Givinostat (Box 1) is a synthetic, orally bioavailable, potent HDAC inhibitor, bearing the 

hydroxamate group ─CO-NH(OH) [71]. Givinostat inhibits the function of the zinc-
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dependent Class I and II HDACs (there are ten members in classes I and II, namely HDAC 1 

through 10) [69]. The high inhibitory potency of givinostat is attributed to chelation of the 

zinc ion at the HDAC hydrophobic catalytic binding domain by the hydroxamate moiety 

[72,73,74]. The inhibition constants (Ki) of givinostat for HDACs range between 0.004 and 

0.39 μM (givinostat binds strongly to HDAC1, 2, and 6) [73,75]. HDAC inactivation results 

in high acetylation of lysine residues at N-termini of histones, inducing conformational 

changes of condensed chromatin to its open form, and activation of gene transcription [70]; 

therefore, HDACs are prominent drug targets. Deregulated histone deacetylation is 

associated with compact chromatin and transcriptional repression (silencing of tumor 

suppressor genes) [67,70]. HDACs also deacetylate a plethora of non-histone proteins 

(cytosolic and nuclear) that regulate major cellular functions, for example, HSP90, p53, 

GATA1, α-tubulin, and many others [76,77].

3.2. Mechanisms of action

Phosphorylation of JAK2 leads to recruitment of the transcription factors STAT3/STAT5, 

dimerization, and translocation to the nucleus [17]. Beyond pharmacologic inhibition of the 

JAK2 kinase, JAK2/STAT signaling can also be suppressed by interfering with JAK2 

expression. Givinostat downregulates JAK2 by acetylation of the chaperone protein HSP90, 

resulting in disruption of its function (JAK2 is a client of the chaperone protein, HSP90) 

[56,66,69,78]. HSP90 acetylation is regulated by HDAC6 (Class II HDAC) [57], which is 

strongly inhibited by givinostat [73]. Inhibition of HSP90 in MPN cell lines and murine 

models disrupted JAK2 stability, induced proteasomal degradation and depletion of 

JAK2V617F, decreased p-JAK2 and p-STAT5, and inhibited JAK-STAT downstream 

signaling [78,79]. HDACs are also required for STAT5-induced activation of transcription 

[24,56,69,80,81]. Several studies unequivocally demonstrated that STAT5 is essential for 

induction of PV by JAK2V617F, and other hematologic malignancies [21,22,23,24]; 

interference with STAT5 function, thus, represents another mode of HDACi action beyond 

down-regulation of JAK2V617F via acetylation of HSP90.

The activity of givinostat in JAK2-positive MPN cells extends to non-canonical, nuclear 

(epigenetic) effects of JAK2 [17]. Upon translocation to the nucleus, wild-type JAK2 and 

JAK2V617F phosphorylate histone H3 at residue Tyr41; H3Y41 phosphorylation blocks 

binding of the transcription modulator heterochromatin protein HP1α to chromatin, which 

induces changes in gene transcription, and aberrant gene expression (oncogenesis) in 

hematopoietic progenitors [13,82,83]. In the nucleus, JAK2V617F also phosphorylates the 

arginine methyltransferase PRMT5 [84], preventing its interaction with MEP50 and 

decreasing global arginine methylation of histones H2A/H4, thus promoting 

myeloproliferation [82, 83,84].

Givinostat exhibits anti-inflammatory activity similar to other hydroxamic acid-containing 

HDACs [85]. The inhibitory activity of givinostat on pro-inflammatory cytokines and 

systemic inflammation in vitro and in vivo (mice), respectively, was first reported in 2005 

[86]. Pro-inflammatory cytokines have been implicated in MPNs (including PV) 

pathophysiology [12], and their activity is mediated through the JAK/STAT pathway. 

Givinostat inhibits the production/release of the pro-inflammatory cytokines tumor necrosis 
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factor alpha (TNFα), interleukin (IL)-1α, IL-1β, IL-6, IFN-γ, without affecting production 

of anti-inflammatory cytokines [75,86, 87, 88,89], and inhibits the production of vascular 

endothelial growth factor (VEGF), a cytokine with a critical role in tumor angiogenesis 

[68,88]. TNFα enhances clonal expansion of JAK2 V617F+ cells from PV, ET, and MF 

patients (JAK2 V617F allele burden correlates with TNFα expression) [90]. The lowest 

values of TNFα, IL-1β, IL-6, and IFN-γ were noted 4h after the administration of 50/100 

mg doses of givinostat in healthy humans [87]. Additionally, givinostat upregulated the 

endogenous cyclin-dependent kinase (CDK) inhibitor p21 in multiple myeloma and AML 

cells [68,88], and induced apoptosis in human Ph+ B-cell ALL cells [91].

4. Clinical development

4.1. Inhibitory activity of givinostat on JAK2 V617F+ cell lines and preclinical studies in PV

Rambaldi et al. pioneered the preclinical and clinical development of givinostat in PV [71]. 

In the first preclinical study, givinostat inhibited the clonogenic activity of JAK2V617F+ cells 

from PV/ET patients at 100- to 250-fold lower concentrations (IC50 in the range of 

10−3-10−2 μM) as compared to JAK2 wild-type cells (K562) [92]. Inhibition occurred 

through specific and significant down-modulation of JAK2V617F, phosphorylated 

JAK2V617F, as well as STAT5 and STAT3 in human erythroleukemia (HEL) cells, which are 

homozygous for the V617F mutation; however, high levels of phosphorylated wild-type 

JAK2 were not affected in cells of PV patients and K562 cells (not harboring JAK2V617F), 

and expression of JAK2V617F mRNA was not modulated in granulocytes from PV patients 

(i.e., inhibition occurred at the post-translational level) [92]. In another report, givinostat 

inhibited proliferation and induced apoptosis of JAK2V617F MPN cells at approximately 

threefold lower concentrations compared to JAK2 wild-type myeloid leukemia cells [93]. In 

the same report, givinostat downregulated the hematopoietic transcription factors NFE2 

(overexpressed in MPN cells and patients) and C-MYB (myeloblastosis gene product), at the 

mRNA and protein levels, in JAK2V617F+ MPN cell lines (global gene expression analysis 

showed that givinostat down-modulated 33 genes implicated in hematopoiesis in HEL and 

UKE1 cells); and proliferation and erythroid differentiation were inhibited in freshly isolated 

CD34+ cells from MPN patients [93]. Similar findings were noted in a small cohort of MPN 

patients who exhibited downregulated NFE2 mRNA and normalized platelet counts after 84 

days of treatment with givinostat [94]. NFE2 has an important role in the control of 

erythroid progenitor cell proliferation and differentiation, and is overexpressed in MPN 

patients [93]. In NFE2 transgenic mice (exhibiting MPN features), the level of acetylation 

was restored in hypo-acetylated H3 histones upon treatment with the HDAC inhibitor [94]. 

Furthermore, givinostat enriched acetylated H3 histones at lysine 9 on the NFE2 promoters 

in UKE1 and SET2 cells, and inhibited JAK2/STAT5-extrcellular signal-regulated kinase 1/2 

(ERK1/2) phosphorylation in JAK2V617F+ MPN cells [93]. Inhibition of JAK2 and STAT5 

phosphorylation in JAK2V617F+ HEL and UKE1 cell lines by givinostat alone as well as in 

combination with HU was shown in another study [95]. Givinostat in combination with HU 

demonstrated strong synergistic activity in inducing apoptosis of JAK2V617F+ HEL and 

UKE1 cell lines, which occurred through inhibition of the JAK2/STAT5 pathway, caspase 3 

activation, and p21 (CDKN1A) downregulation (HU prevented p21 upregulation by 

givinostat) [95]. Low concentrations of givinostat inhibited STAT5 phosphorylation and 
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JAK/STAT pathway gene expression in B-cell precursor acute lymphoblastic leukemia (pre-

B-ALL) CRLF2-rearranged cell lines (harboring JAK2R683G and JAK2I682F) [96]; and 

induced apoptosis in SUP-B15 (Ph+ B-cell ALL) [91], T-ALL [97], AML [88], and 

glioblastoma [98] cell lines. Finally, givinostat strongly hyperacetylated histones H3/H4 and 

α-tubulin (mediated via HDAC6 inhibition) in leukemic cell lines [88,89].

4.2. Clinical trials

4.2.1. Pharmacokinetics and metabolism.—In a phase I clinical trial conducted in 

healthy volunteers, givinostat demonstrated dose-dependent (linear) pharmacokinetics. The 

study tested a single dose of 600 mg, and repeat doses of 50, 100, or 200 mg for 7 

consecutive days. Givinostat was quickly absorbed, and the maximum plasma concentration 

(Cmax) was recorded within 2.1-2.6 h (time to maximum plasma concentration, Tmax) after 

oral administration (50-200 mg/day); the drug did not accumulate in the body [87]. In this 

trial, the half-life of givinostat was approximately 6-7 h, indicating that twice daily dosing is 

appropriate for clinical use. A dose-dependent decrease in platelet counts was noted (on day 

9, platelets dropped by 17, 25, and 35% below baseline in the cohorts receiving 50, 100, and 

200 mg/day, respectively); the effect was transient, and platelet counts partially and fully 

recovered in 2 and 4 weeks, respectively [87].

In a recent clinical study, Rambaldi et al. characterized the pharmacokinetics of givinostat in 

PV patients [99]. The plasma parameters recorded in 34 patients after a single dose at the 

maximum tolerated dose (MTD, 100 mg twice daily) during part B of the study were the 

following: Tmax = 2 h, Cmax = 71.5 ± 34.4 ng/ml, and time to last detectable concentration 

(Tlast) = 7.42 ± 1.61 h; repeat-dose plasma pharmacokinetic parameters on day 28 of cycle 2 

(8 weeks) for 17 patients were: Tmax = 2 h, Cmax = 90.8 ± 33.5 ng/ml, and Tlast = 8.00 ± 

0.0340 h [99]. The median Tmax for givinostat was 1.5 – 4 h, and steady state was reached 

by day 28 of cycle 1 [99]. Givinostat has two main metabolites in the plasma (ITF2374 and 

ITF2375) [87,99].

4.2.2. Clinical trials of givinostat in patients with MPNs.—The aforementioned 

promising preclinical studies showing anti-proliferative activity of givinostat in JAK2V617F+ 

MPN cells [92,93,95] led to three clinical trials in patients with MPNs, primarily PV, that 

have been completed so far [99-103] and one long-term clinical trial, which was expanded 

and is ongoing [104] (Table 2).

4.2.2.a. Phase IIA, pilot study of givinostat in JAK2V617F+ MPN patients [100].: In a 

phase IIA, multicenter, open-label, pilot non-randomized study (NCT00606307), the 

efficacy and safety of givinostat was assessed in 12 PV, 1 ET, and 16 MF patients refractory/

intolerant to HU; all patients were JAK2V617F+. The starting dose was 50 mg twice daily; 

escalation to 50 mg three times daily was permitted if required [100]. The enrolled patients 

had platelet counts >100×109/L, required cytoreductive treatment, and were intolerant/

refractory to HU per ELN criteria [32]. The cohort comprised heavily pretreated patients 

except for 5 who joined the trial to avoid front-line treatment with HU.

Among 13 patients with PV/ET, the complete response rate was 54% (intention-to-treat 

analysis) according to ELN criteria [105]: one PV patient had a complete response (CR), 6 
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had partial responses, and 2 discontinued treatment. Splenomegaly and pruritus were 

resolved in 70% (7/10) and 90% (9/10), respectively, of evaluable PV patients at 24 weeks 

(Table 2). The rate of complete resolution of pruritus that givinostat induced is striking, 

given that this symptom is often debilitating and responds poorly to conventional treatments 

(the effect of givinostat on pruritus is likely attributed to the reduction of inflammatory 

cytokines) [71, 87]. Seven out of ten PV patients (70%) became phlebotomy-independent on 

treatment. A major response was documented in 3 (19%) MF patients (2 post-PV MF and 1 

post-ET MF), and spleen size decreased in 5/14 (31%). A progressive decrease of the 

JAK2V617F allele burden was recorded in the PV/ET patients with givinostat treatment: 55% 

(mean) at study entry versus 47% and 41% after 12 and 24 weeks, respectively; in the PV 

patient who achieved CR, the JAK2V617F allele burden mean decreased from 39% to 18% in 

24 weeks [100]. In the MF cohort, the mean JAK2V617F allele burden remained unchanged 

(56%) at 24 weeks compared to baseline.

4.2.2.b. Phase II study of givinostat combined with HU in JAK2V617F+ PV patients 
[101]: In a subsequent phase II, multicenter clinical trial, the efficacy of givinostat (50 or 

100 mg/day) in combination with HU was evaluated in 44 JAK2V617F+ PV patients in need 

of cytoreductive therapy and not responding to the MTD of HU monotherapy, administered 

for at least 3 months (NCT00928707), according to ELN criteria [32]. Forty-four patients 

were randomized into two arms and received 50 or 100 mg givinostat/day combined with 

their individual MTD of HU. At baseline, all patients had hematocrit ≤ 45% (achieved with 

phlebotomies if necessary). At the time of the primary response assessment (12 weeks) 

according to ELN criteria [105], the overall response rates (ORR) were 55% and 50% (2 

CR) in the subgroups receiving 50 and 100 mg/day, respectively (Table 2) [101]. Similar to 

the pilot trial of givinostat monotherapy, pruritus control was notable: 7/11 (64%) and 8/12 

(67%) achieved complete resolution in the subgroups treated with 50 and 100 mg/day, 

respectively. Thrombocytopenia and gastrointestinal disorders were the most common 

(grade 2) adverse events (Table 2) [101].

4.2.2.c. Phase Ib/II study evaluating safety and efficacy of the maximum tolerated 
dose of givinostat in PV patients [99,102,103]: Rambaldi et al. recently reported the results 

of the phase Ib/II, international, open-label, non-randomized trial evaluating givinostat in 

JAK2V617F+ adult PV patients with active/uncontrolled disease (NCT01901432) [99]. In part 

A (Phase Ib) of the trial, the MTD was determined at 200 mg/day (100 mg twice daily) 

[99,102,103], whereas in part B (Phase II) of the trial, the safety, efficacy and tolerability of 

givinostat at this dose were evaluated after 3 and 6 cycles [99]. To be eligible, patients had to 

have hematocrit ≥ 45% or < 45% with phlebotomy, platelet count > 400 ×109/L, and white 

blood cells (WBC) > 10 ×109/L; exclusion criteria included absolute neutrophil count 

(ANC) < 1.2 ×109/L and previous treatment with JAK2 or HDAC inhibitors. After 12 and 24 

weeks of treatment, in parts A and B of the trial, 72.7 and 80.6% of the intention-to-treat 

populations, respectively, had complete or partial responses (Table 2) per ELN response 

criteria [105], and givinostat was well-tolerated [99,102,103]. The majority of the patients 

achieved normal hematological parameters (Table 2); in part B of the study, nearly 20% of 

the patients experienced ≥35% spleen volume reduction (SVR); a good proportion (~40%) 

exhibited reduction of severe pruritus. Microvascular symptoms and pruritus were 
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eliminated in 13% and 19% of the intention-to-treat population, respectively, compared to 

baseline, after Cycle 6 (Part B) [99]. After 3 and 6 cycles of treatment, the JAK2V617F allele 

burden exhibited a moderate reduction compared to baseline, and differential gene 

expression was observed (HDAC3, GLRX, and STAT4 were upregulated, and MYC was 

downregulated) in part B of the study [99].

4.2.2.d. Long-term phase II study of givinostat in JAK2V617F+ PV patients 
[104].: Eligible patients with JAK2V617F+ chronic MPNs who tolerated givinostat treatment 

and had achieved clinical benefit at the end of the core protocols (and/or while participating 

in a compassionate use program) were given the opportunity to continue treatment in a long-

term, multicenter, international study (NCT01761968). Patients continued givinostat 

treatment at their last tolerable dose and schedule [104]. The highest dose that was 

administered for long-term treatment of JAK2V617F+ PV patients was 100 mg twice daily, 

and the median time on treatment was 4 years (range 6 months to 9 years); evaluations were 

performed quarterly, and 73% of the patients were still receiving treatment at the time of the 

last assessment (July 2017). Interim data from this long-term phase II study were presented 

at the 59th Meeting of the American Society of Hematology (ASH) [104]. The interim 

analysis showed that 11% of PV patients had a complete response and 89% of them had a 

partial response, according to the ELN response criteria [105], after treatment for a median 

of 4 years (Table 2) [104]. The hematocrit was normal without phlebotomy in 56% of PV 

patients, whereas platelet and WBC counts were normalized in 78% and 56% [104]. 

Furthermore, after a median of 4 years, 56% of the patients exhibited a normal spleen 

(evaluated by palpation and/or imaging), pruritus was eliminated in 89% of the patients, and 

no patients reported headaches or microvascular symptoms [104]. The JAK2V617F allele 

burden was reduced by 22% compared to baseline after a median of 4 years of treatment. 

During the treatment period, 4 patients developed 5 thrombotic events (3 deep vein 

thromboses of the legs, 1 myocardial infarction, and 1 transient ischemic attack); the overall 

incidence of thrombosis with givinostat was 2.3% [104], which compares favorably to the 

5.8% and 3% patients/year reported with phlebotomy and HU, respectively [30]. The 

promising clinical efficacy and good tolerability of long-term treatment with givinostat in 

patients with PV observed in this study serves as the basis for the pivotal phase III clinical 

trial that will evaluate the efficacy/safety of givinostat as compared to HU in JAK2V617F+ 

PV patients; this study will be launched in the near future.

4.3. Safety and tolerability

Over the course of nearly 10 years, more than 500 patients have been treated with givinostat 

on more than 20 clinical trials [71]. As noted above, a phase I trial was conducted in healthy 

volunteers (doses ranged between 50 and 600 mg administered once or twice daily) to 

determine the safety of givinostat in 2011 [87]. That trial showed that 100 mg twice daily 

was a safe and well-tolerated dose in healthy individuals [87]. In part A of the phase Ib/II 

study (NCT01901432), Rambaldi et al. also determined the MTD of givinostat in PV 

patients to be 100 mg twice daily [99]. The safety of this dose (100 mg twice daily) was 

additionally confirmed in the long-term clinical trial (NCT01761968) [104].
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Overall, givinostat was well tolerated and did not present any major safety concerns in any 

of the clinical studies that evaluated the drug in adult PV patients (Table 2) [99,100,102, 

103,104], as well as in juvenile patients with idiopathic arthritis [106]. No hemorrhagic 

effects, organ toxicities, or deaths occurred [71,87,99,100,102, 103,104]. The most common 

drug-related adverse events in healthy volunteers [87] and PV patients [71,99,100,104] were 

thrombocytopenia and gastrointestinal disorders (Table 2), which were generally mild to 

moderate, and reversible with discontinuation of the drug. In the study that Furlan et al. 
conducted in healthy individuals, the mean platelet counts reached their nadir 9 days after 

treatment (17, 25, and 35% below baseline corresponding to daily doses of 50, 100, and 200 

mg, respectively) but recovered back to baseline within 2-3 weeks after drug discontinuation 

[87].

In the pilot phase IIA study of givinostat in PV patients (NCT00606307), mild 

gastrointestinal side effects were the most common; grade ≤ 2 anemia and thrombocytopenia 

were noted in 21% and 10% of the patients, respectively, but there were no grade 4 drug-

related adverse events (AEs) [100]. In the more recent phase II clinical trial 

(NCT01901432), the majority of drug-related AEs were grade 1 or 2, and they were noted 

during the first three treatment cycles; the most common ones were thrombocytopenia 

(45.7%), diarrhea (51.4%), and increased serum creatinine (37.1%), except for one case of 

grade 4 thrombocytopenia and two cases of grade 3 dyspepsia that were noted during phase 

A of the trial [99]. In the long term phase II study in PV patients (NCT01761968), givinostat 

was well tolerated, and no drug-related grade 4 AE occurred; one drug-related grade 3 AE 

(anemia) that resolved in 8 days and two other drug-related grade 3 AEs (QTc prolongation 

and asthenia) were recorded [104]. A few episodes of QTc prolongation (a known “class” 

effect with HDACis) [107] have been noted in PV patients but not in healthy individuals 

[71].

4.4. Regulatory affairs

The EMA granted orphan drug designation to givinostat for treatment of PV in September 

2017.

5. Conclusions

Givinostat is an orally bioavailable, potent inhibitor of Class I and II HDACs that exhibits 

antineoplastic activity against several hematologic malignancies, and is under clinical 

development for PV. Preclinical studies clearly demonstrated that givinostat decreases JAK2/

STAT5 phosphorylation, attenuates JAK2/STAT5 signaling, and induces apoptosis of 

JAK2V617F+ MPN cell lines at very low concentrations. The clinical experience shows that 

givinostat is well-tolerated and efficacious in PV patients. The phase Ib/II trial established 

the MTD of givinostat in PV patients (100 mg twice daily); the majority of the patients in 

this trial had normalization of hematological parameters and symptom improvement 

(particularly of pruritus and microvascular symptoms) compared to baseline [99]. The long-

term phase II clinical trial established the durability of response to givinostat and its long-

term tolerability in JAK2V617F+ PV patients [104]. The great majority of the patients 

maintained at least a partial response for more than 4 years on treatment (and 11% was in 
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CR) [104]. Givinostat reduced symptoms, particularly pruritus, and the overall incidence of 

thrombotic events compared to historical controls treated with HU or phlebotomy (2.3% 

patients per year with givinostat versus 5.8% with phlebotomy and 3% patients per year with 

HU [30]). A global phase III trial that will evaluate the efficacy of givinostat versus HU in 

high-risk (≥ 60 years old and/or with history of thrombosis) JAK2V617F+ PV patients has 

been planned for the near future based on these encouraging efficacy and safety data.

6. Expert Opinion

Drug development for indolent malignancies such as PV is difficult. In the absence of 

disease-modifying agents, the main goals of therapy are reduction of thrombohemorrhagic 

complications and alleviation of symptoms. HU represents the mainstay of frontline therapy 

for high risk PV, although ropeginterferon alpha-2b was recently approved in the first-line 

setting in Europe for patients without symptomatic splenomegaly and may receive FDA 

approval in the US. The FDA recently accepted a Biologics License Application for 

ropeginterferon alpha-2b as a treatment for PV patients without symptomatic splenomegaly, 

based on the findings of the phase III PROUD-PV/CONTINUATION-PV studies [37]. Data 

support the use of pegylated interferon alpha in the frontline setting as well, although 

discontinuation rates can be high due to toxicity. Ruxolitinib is the only licensed agent after 

failure of HU, although pegylated interferon alfa is also efficacious in this setting. In a 

disease with a long natural history such as PV, a good safety and tolerability profile for an 

investigational agent is imperative: a global, multi-center, phase 2 trial of the HDM2 

inhibitor idasanutlin (NCT03287245) was recently terminated owing to concerns over 

gastrointestinal toxicities, despite this being an active drug.

HDAC inhibitors, which have pleiotropic anti-neoplastic effects, have long been of interest 

for development as anti-cancer drugs. Despite extensive study over many years across 

diverse tumor types, agents of this class are currently approved only for the treatment of 

peripheral and cutaneous T-cell lymphomas and, in the case of panobinostat, multiple 

myeloma. Interest in developing these agents for myeloid malignancies diminished after 

negative results in large phase III trials in acute myeloid leukemia and myelodysplastic 

syndromes [108,109]. Within MPNs, where the ability of HDAC inhibitors to acetylate 

HSP90 and disrupt its chaperone function, thereby down-regulating JAK2, is particularly 

appealing, the experience in myelofibrosis has been disappointing, with chronic, low-grade 

long-term toxicities often precluding long-term delivery, necessary for disease-modifying 

effects to appear [110,111]. However, givinostat (formerly ITF2357) has stood out as an 

HDAC inhibitor with good tolerability and clear evidence of efficacy, particularly in PV, an 

almost universally JAK2-driven disease.

As discussed in this review, givinostat has produced high response rates (albeit partial in the 

majority of cases) in early phase trials in PV. The drug appears to be particularly effective 

for pruritus, a “cytokine cluster” symptom also responsive to ruxolitinib. The key question as 

to what extent givinostat may reduce thromboembolic events remains to be answered, and 

requires a randomized trial. Of note, clear data supporting a reduced risk of thrombosis are 

not available thus far either for ruxolitinib in the second-line setting or for ropeginterferon 

alpha-2b in the upfront/early setting [37]. Hopefully, the planned phase 3 head-to-head 
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randomized clinical trial of givinostat versus HU will be adequately powered to assess this 

very important endpoint. Other (as yet elusive) goals of therapy in PV include prevention or 

delay of progression to MF and transformation to AML. Owing to the long-term nature of 

these complications, extended follow-up of the planned phase 3 randomized clinical trial 

will be required to establish benefits in these respects.

Other approaches/mechanisms of action continue to be pursued in this space. The oral 

HDM2 inhibitor KRT-232 is being studied in the HU-resistant/intolerant setting and, once a 

safe and efficacious dose/schedule is identified, KRT-232 may be compared head-to-head 

against ruxolitinib, using a study design and endpoints very similar to those employed in 

RESPONSE (NCT03669965). PTG-300 is a hepcidin-mimetic that is being studied in 

phlebotomy-requiring patients who continue their baseline cytoreductive therapy on the trial 

(NCT04057040); while this approach could generate preliminary evidence of activity of this 

novel drug class in PV, a registration-directed strategy is not apparent yet. In comparison, 

givinostat has been in clinical trials in patients with PV for a much longer period, and given 

the efficacy and safety data available so far, a pivotal trial in the frontline setting versus HU 

appears reasonable and justified. Most importantly, after decades of no new drug approvals 

in PV apart from that of ruxolitinib in December 2014, it is gratifying to see multiple 

potentially disease-modifying agents of different classes enter the clinic. Hopefully, 

givinostat will expand our frontline options for treating high risk PV beyond HU and various 

interferon formulations.
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Article Highlights

• Polycythemia vera (PV) is a chronic myeloproliferative neoplasm, 

characterized by trilineage myeloproliferation and JAK2 mutations in 

approximately 99% of patients. While considered an indolent malignancy, 

survival in PV is inferior to that of an age- and sex-matched population. The 

main clinical concerns in patients with PV are thrombohemorrhagic 

complications, troublesome symptoms, progression to myelofibrosis and 

transformation to acute myeloid leukemia (AML).

• There is a major unmet need for drugs that can prevent PV progression to 

myelofibrosis and AML.

• Givinostat is a potent histone deacetylase inhibitor that is under clinical 

development for treatment of patients with PV. Givinostat has been evaluated 

in several phase I/II clinical trials in patients with myeloproliferative 

neoplasms (MPNs), primarily PV, where it showed the highest efficacy.

• Givinostat down-regulated JAK2 and STAT5 phosphorylation, reduced JAK2/

STAT5 signaling, and selectively induced apoptosis of JAK2V617F+ MPN cell 

lines at very low concentrations.

• The maximum tolerated dose of givinostat was determined to be 100 mg 

twice daily. The overall response rate to givinostat in a phase II study 

evaluating its efficacy in JAK2V617F+ patients with PV was 80.6% and all 

hematological parameters normalized in the majority of the patients, at the 

end of 3 and 6 treatment cycles. Reduction of severe pruritus was noted in 

40% of the intention-to-treat population, and the symptom was completely 

resolved in 19%, compared to baseline, after 6 treatment cycles. Givinostat 

was well-tolerated; the most common adverse effects being grade 1/2 

thrombocytopenia and gastrointestinal disorders.

• Long-term results of the phase II clinical trial demonstrated 11% complete 

and 89% partial response rates with significant clinical (phlebotomy 

independence) and molecular responses (reduction in JAK2V617F+ allele 

burden compared to baseline), considerable reduction in pruritus and a lower 

incidence of thrombotic events compared to historical controls treated with 

hydroxyurea; and good tolerability in JAK2V617F+ PV patients.

• A global, phase III clinical trial, evaluating the efficacy and safety of 

givinostat compared to hydroxyurea in JAK2V617F+ high-risk PV patients, has 

been planned to start in 2021.
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Box 1.

Drug summary
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