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Abstract: Myelofibrosis (MF) is a myeloid malignancy associated with a heavy symptomatic
burden that decreases quality of life and presents a risk for leukemic transformation. While there
are limited curative treatments, the recent discovery of the Janus kinase/signal transducer and
activator of transcription (JAK/STAT) pathway dysregulation has led to many clinical investiga-
tions for new treatment approaches. This review provides practical knowledge on the disease state,
an overview of treatment options, and specifically focuses on the efficacy and safety of pacritinib
in the management of MF. Pacritinib is a novel selective inhibitor of JAK2 and FMS-related
tyrosine kinase 3 (FLT3) currently in Phase III trials for the treatment of MF. Thus far, studies have
demonstrated clinical efficacy in reducing splenomegaly and constitutional symptoms. Common
adverse events were gastrointestinal in nature, while hematologic toxicity was limited. However,
it was announced that all ongoing clinical trials on pacritinib have been placed on hold by the
US Food and Drug Administration in February 2016, due to concerns for increased intracranial
hemorrhage and cardiac events. With comprehensive risk-benefit analysis of clinical trial data,
the utility of pacritinib in the management of MF may be more clearly defined.
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Introduction

Myelofibrosis (MF) is a clonal hematopoietic stem cell disorder that is characterized
by ineffective erythropoiesis, abnormal proinflammatory cytokine expression, bone
marrow fibrosis, and extramedullary hematopoiesis in organs such as the spleen and
the liver. MF, along with polycythemia vera (PV) and essential thrombocythemia (ET),
are myeloid malignancies that comprise a subgroup of Philadelphia chromosome-
negative myeloproliferative neoplasms. MF can arise de novo as primary myelofibrosis
(PMF) or evolve from preexisting PV or ET (post-PV/ET MF). Its pathogenesis is
driven by multiple somatic mutations in the Janus kinase/signal transducer and activator
of transcription (JAK/STAT) signaling pathway. Understanding the various genetic
mutations linked to MF is an area of active research that may provide prognostic value
to guide treatment decisions as well as lead to novel therapeutic targets.

In the initial phase of MF, dysregulation of granulocyte and megakaryocyte prolifera-
tion results in abnormal cytokine and growth factor production. As the disease evolves,
bone marrow fibrosis develops and is followed by progressive bone marrow failure
and extramedullary hematopoiesis. Ultimately, the unchecked growth of differentiated
myeloid cells may enable transformation into acute myeloid leukemia (AML).!

The hallmark clinical manifestations of MF include abnormal blood counts, hepa-
tosplenomegaly, and constitutional symptoms. Anemia is present in approximately
50% of patients at the time of diagnosis, which can be accompanied by either throm-
bocytopenia or thrombocytosis and either leukopenia or leukocytosis.! The majority
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of MF patients develop splenomegaly due to extramedullary
hematopoiesis and suffer from abdominal distension, early
satiety, and left upper quadrant pain. An increased production
of selected proinflammatory cytokines and growth factors in
MF leads to a hypercatabolic state, causing constitutional
symptoms in patients, including fever, night sweats, weight
loss, pruritus, fatigue, and bone pain. These debilitating
symptoms negatively impact the quality of life, and along
with the risk of AML transformation, contribute to the low-
ered life expectancy of patients with MF compared with the
healthy population.' The rate of leukemic transformation
is estimated to be 3.9%-20%, and is associated with dis-
mal median survival of 6 weeks for patients who received
only supportive care and 7 months for treated patients.?
The most common causes of death in patients with MF are
leukemic transformation, thrombosis, hemorrhagic events,
and infection.*

Epidemiology and prognosis

Based on data from 2008 through 2010, the annual age-ad-
justed incidence rate for all MF in the USA is between 2 and 3
per 100,000, and 1 per 100,000 for primary MF. The median
age at diagnosis ranges from 61 to 66 years, with more males
than females (53% vs 47%) diagnosed each year.’ There is a
high degree of heterogeneity in clinical presentation, disease
evolution, and overall prognosis. Median survival can range
from more than 10 years in patients with indolent MF to less
than 2 years in patients with aggressive disease.’

Several models and scoring systems have been devel-
oped to incorporate patient- and disease-related prognostic
factors to guide treatment decisions. The Dupriez system
(also known as Lille score) uses only hemoglobin (Hgb)
level and white blood cell count at time of diagnosis. As the
understanding of MF pathogenesis evolves and data from
large multicenter studies become available, the International
Working Group for Myelofibrosis Research and Treatment
(IWG-MRT) proposes the use of the International Prognostic

Scoring System (IPSS) at time of diagnosis and the Dynamic
IPSS (DIPSS) as disease progresses (Table 1).5® The latest
DIPSS-Plus algorithm incorporates three additional risk
factors: red blood cell (RBC) transfusion requirement, plate-
let count, and unfavorable karyotypes (Table 2).> Although
these prognostic scoring systems have been developed for
patients with PMF, studies have not shown any prognostic or
therapeutic differences between PMF or post-PV/ET MF.
Unfavorable cytogenetics are associated with increased
risk for cytopenias, circulating blasts, and higher risk for
leukemic transformation. On the other hand, patients who
present with favorable cytogenetics (eg, normal karyotype,
13g—, 20q—, 49, chr 1 translocation/duplication) benefit
from a significantly higher 5-year overall survival rate of
51% vs 8% in those with unfavorable karyotypes.'® Specific
genetic mutations may also have prognostic values in MF.
A large international study examined the mutation status
of five genes (ASXLI, EZH2, SRSF2, IDHI, and IDH?2)
in 797 patients with PMF. These somatic mutations have
been identified to exert an adverse prognosis independent
of the IPSS and DIPSS-Plus scores. Patients with at least
two mutated genes had the lowest median survival of 2.6
years, compared with 7 years for patients with one mutation
and 12.3 years for patients with no mutations.!! Conversely,
patients who harbored mutations in calreticulin (CALR)
had lower DIPSS-Plus scores, higher platelet counts, and
lower risk of anemia and leukocytosis. These patients also
had longer overall survival compared with patients with
mutations in oncogenes MPL (hazards ratio [HR] =1.7) and
JAK?2 (HR =2.6). Additionally, “triple negative” patients
who had wild-type JAK2, MPL, and CALR were deemed to
have high risk of disease, with overall survival of 2.5 years
(HR =3.6) compared with 8.2 years in patients with CALR
mutation.'> However, these patients were not stratified by
CALR mutation variant: type 1 vs type 2. In a different study
of 532 PMF patients, 131 patients were CALR-mutated
cases: 110 patients were classified as type 1/type 1-like, and

Table | Primary myelofibrosis: Dupriez, IPSS, and DIPSS scoring algorithms

Risk factors Point value Risk score* (median survival, years) Risk group
Dupriez IPSS DIPSS Dupriez IPSS DIPSS

Hgb <10 g/dL | | 2 0(7.8) 0(11.3) 0 (not reached) Low

WBC <4 or >30x10°/L | - - 1(22) - - Intermediate

WBC >25x10°/L - | |

Age >65 years - | | - 1(7.9) 1-2 (14.2) Intermediate-|

Constitutional symptoms® - | | - 2(2) 344 Intermediate-2

Peripheral blasts =1% - | | 2 (1.1 3-5(23) 5-6 (1.5) High

Notes: *Risk score is determined by the sum of the point value assigned to each risk factor. *Constitutional symptoms, defined as weight loss over 6 months, unexplained

fever, and night sweats.

Abbreviations: IPSS, International Prognostic Scoring System; DIPSS, Dynamic International Prognostic Scoring System; Hgb, hemoglobin; WBC, white blood cell.
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Table 2 Primary myelofibrosis: DIPSS-Plus scoring algorithm

RBC transfusion requirement

Risk factors Point value Risk score® Risk group
(median survival, years)

DIPSS intermediate- | | 0 (15.4) Low
DIPSS intermediate-2 2 1 (6.5) Intermediate-|
DIPSS high risk 3 2-3(2.9) Intermediate-2
Platelet <100x10°/L | 4-6 (1.3) High

|

|

Unfavorable karyotype®

Notes: “Risk score is determined by the sum of the point value assigned to each risk factor. *Unfavorable karyotype, defined as complex karyotype (3) chromosomal
abnormalities, or 1-2 abnormalities that include +8, —5/5q—, —=7/7q—, i(17q), 12p—, inv(3), or 11q23 rearrangement.
Abbreviations: DIPSS, Dynamic International Prognostic Scoring System; RBC, red blood cell.

21 patients were type 2/type 2-like. Survival was shorter in
patients with type 2/type 2-like (median 3.5 years) vs type 1/
type 1-like CALR mutations (median 13.7 years) (P=0.003;
HR =2.5, 95% confidence interval [95% CI] =1.4-4.5).13
Thus, specific types of CALR mutations have differing prog-
nostic implications, with type 1 having a better prognosis.
It is likely that genetic profiles along with other patient- and
disease-related factors, such as circulating cytokines and
ferritin levels, will be incorporated into prognostic scoring
models for MF in the future.'

Conventional treatment options

Allogeneic hematopoietic stem cell transplantation
(alloHSCT) remains the only potentially curative treatment
for MF to date. In an analysis of 289 PMF patients (median
age 47 years) who received myeloablative alloHSCT between
1989 and 2002, the 5-year overall survival rates were 37%,
30%, and 40%; and 100-day mortality rates were 18%, 35%,
and 19% for human leukocyte antigen-identical sibling, unre-
lated, and other related transplants, respectively.'> Successful
treatment with nonmyeloablative conditioning transplant has
also been reported. In a group of 103 patients (median age
55 years) who received reduced-intensity busulfan/fludara-
bine conditioning, the 5-year overall survival rates were 74%
and 38% for matched and mismatched transplants respec-
tively, with nonrelapsed mortality rates of 12% and 38%.!¢
Unfortunately, MF is a disease of the elderly, and few patients
are eligible for transplant due to high risk for toxicities from
conditioning chemotherapy and post transplant complications
such as infection, graft failure, and graft-versus-host disease.
An ad hoc analysis was performed in 190 PMF patients who
received alloHSCT compared with 248 patients treated with
conventional therapies. Patients with DIPSS intermediate-2
or high-risk disease had a lower relative risk (RR) of death
(0.55 and 0.37, respectively) compared with patients with
low-risk disease (RR of death 5.6)."” Thus, with careful
screening for adequate performance status and no significant

comorbidities, alloHSCT may benefit patients who present
with higher-risk MF.

Patients who are not stem cell transplant candidates
often require various therapies to manage MF-related
symptoms.'¥2° Splenectomy may alleviate splenomegaly-
related symptoms, but is associated with high morbidity
and mortality rates of 31% and 9%, respectively, because
of perioperative bleeding, thrombosis, and infections.?!
Approximately 40% of patients treated with hydroxyurea
achieve clinical improvement in leukocytosis, thrombocyto-
sis, and splenomegaly, with response lasting 13.2 months.?
Symptomatic anemia may be managed with blood transfu-
sion, erythropoietin-stimulating agents (ESAs), androgens,
or immunomodulating drugs. The use of ESAs in this setting
may be limited by the potential concern for splenomegaly
exacerbation.” Danazol is a synthetic androgen that can help
achieve RBC-transfusion-independence and increase Hgb,
with the most frequent toxicity being moderate transaminitis
reported in 27% of patients.”* Immunomodulating agents
such as thalidomide, lenalidomide, and pomalidomide,
with or without prednisone, have been studied for man-
agement of splenomegaly, cytopenias, and constitutional
symptoms. Anemia improved in 19%-30% of patients,
but many required dose reduction or interruption due to
sedation, constipation, and paresthesias, especially with
thalidomide.” Furthermore, a Phase III study comparing
pomalidomide to placebo failed to demonstrate a difference
in RBC-transfusion-independence rate.? These conventional
drug therapies offer only modest response rates in MF-related
symptoms, and none have been shown to change the natural
course of disease progression or provide survival benefits to
patients with MF.

Molecular pathogenesis: JAK/STAT
pathway

In 2005, a single activating point mutation in the tyrosine
kinase JAK?2 was found to correlate highly with dysregulation
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of the JAK/STAT signaling pathway in the majority
of patients with PV, ET, and PMF (Figure 1). The four
members of the JAK family are JAK1, JAK2, JAK3, and
tyrosine kinase 2 (TYK2). They are intracellular tyrosine
kinases that interact with various cytoplasmic receptors
for cytokines, including erythropoietin, thrombopoietin,

'l'llil'l‘!ll'li‘!l‘il
Hn t';'t“fs'n uu'fn't"fl

Figure | JAK/STAT pathway and potential therapeutic targets.
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granulocyte-macrophage colony-stimulating factor, interleu-
kins (ILs), and interferons (IFNs). The binding of ligands to
the cytokine receptors phosphorylates JAKs, which in turn
activate downstream signaling molecules such as STAT, RAS,
mitogen-activated protein (MAP), and phosphoinositide 3-ki-
nase-Akt (PI3K-Akt). The transduction of signals regulates the
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Abbreviations: DNA, deoxyribonucleic acid; EPO, erythropoietin; IL, interleukin; JAK, Janus kinase; PI3K, phosphoinositide 3-kinase; P*, phosphorylation; MAPK, mitogen-
activated protein kinase; mTOR, mammalian target of rapamycin; SOCS, suppressor of cytokine signaling; STAT, signal transducer and activator of transcription; TNF, tumor

necrosis factor.
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transcription of genes that play a role in normal hematopoietic
cell differentiation (JAK2), inflammatory response (JAK1),
and innate and adaptive immunity (J4K3).2¢%

The upregulation of the JAK/STAT pathway has been
observed in various solid tumors and hematologic malig-
nancies such as breast, lung, Hodgkin’s lymphoma, and
high-risk AML. It is also implicated in mediating resistance
to BCR-ABL kinase inhibitors in chronic myelogenous
leukemia (CML).?® The point mutation JAK2V617F, in
which valine is substituted with phenylalanine at codon
617, occurs in the autoinhibitory JH2 pseudokinase domain
of the JAK?2 protein, leading to a constitutively active JAK/
STAT pathway without the need for cytokine or growth
factor ligand binding. The mutation also confers resistance
on negative regulation by suppressor of cytokine signaling
(SOCS3) protein, which may lead to cytokine hypersensitiv-
ity and resistance to apoptosis.?®?®

Plasma levels of various proinflammatory and profibrotic
cytokines and growth factors are elevated in MF patients.
These include IL-2R, IL-8, IL-10, tumor necrosis factor
(TNF-0), hepatocyte growth factor (HGF), IFN-a., and IFN-y
inducible protein (IP-10). Overexpression of these cytokines
is believed to be responsible for MF-related leukocytosis
(IL-2R, HGF), thrombocytopenia (IP-10), transfusion-depen-
dent anemia (IL-2R, IL-8, IL-10), splenomegaly (HGF), and
constitutional symptoms (IL-8). Elevated levels of IL-2R or
IL-8 may also have prognostic value for inferior overall and
leukemia-free survival. The production of these cytokines
in patients with MF has been shown to be downregulated
through the inhibition of JAK1 and JAK2.77-?

It is unclear how cytokine expression, molecular muta-
tions, and signaling pathways lead to the diverse clinical
phenotypes observed in MF patients. Nonetheless, targeting
of the JAK/STAT pathway, especially JAK2, becomes a
major focus of attention in the development of novel targeted
therapeutic agents for MF.

Approved JAK inhibitor

Ruxolitinib is a cyclopentylpropionitrile-derived small mole-
cule that inhibits both JAK1 (half-maximal inhibitory concen-
tration [IC, ] =3.3 nmol/L) and JAK2 ([IC, ] =2.8 nmol/L),
with less specificity for JAK3 and TYK2.2° The safety and
efficacy of ruxolitinib in the treatment of MF was evaluated
in two Phase III clinical trials: Controlled Myelofibrosis
Study with Oral JAK Inhibitor Treatment (COMFORT-I) and
COMFORT-IL.**3! Both studies enrolled patients with IPSS
intermediate-2 or high-risk PMF or post-PV/ET MF, with
platelet count =100x10°/L, Eastern Cooperative Oncology

Group performance status of =3, and palpable splenomegaly.
Patients were included regardless of J4K2 mutation status.
COMFORT-I was a double-blind, placebo-controlled trial
in which 309 patients were randomized in a 1:1 ratio. In the
ruxolitinib group, 41.9% of patients reached the primary
endpoint of =35% reduction in spleen volume as assessed
by magnetic resonance imaging (MRI) at 24 weeks, vs 0.9%
in placebo group (P<<0.001). Spleen volume response was
maintained in 67% of patients at 48 weeks, and ruxolitinib
was shown to improve total symptom burden at 24 weeks
compared with placebo (45.9% vs 5.3%, P<<0.001). A 2-year
follow-up analysis reported durable spleen volume reduction,
improved quality of life, and survival advantage at 102 weeks
compared with placebo (HR =0.58, 95% CI =0.36-0.95;
P=0.03), with 2-year survival probabilities of 82% and 73%,
respectively.”> COMFORT-II was an open-labeled trial in
which 219 MF patients were randomized in a 2:1 ratio to
receive ruxolitinib or best available therapy (BAT). The
majority of patients in the BAT group received hydroxyurea
(47%) and glucocorticoids (16%), while 33% received no
active treatment. Only patients in the ruxolitinib group met
the primary endpoint of =35% reduction in spleen volume
at 48 weeks (28% vs 0% in BAT, P<<0.001). Ruxolitinib
group demonstrated reduced MF-associated symptoms and
improved overall survival compared with the BAT group
at 144 weeks (HR =0.48, 95% CI =0.28-0.85; P=0.009).*
An ad hoc analysis comparing ruxolitinib-treated patients in
the COMFORT-II trial with historical controls from a multi-
center database who received solely conventional therapies
confirmed the survival advantage of ruxolitinib (HR =0.61,
95% CI =0.41-0.91, P=0.0148).>* The COMFORT-I and
COMFORT-II data also showed a reduction in circulat-
ing inflammatory cytokine levels (eg, TNF-o and IL-6).
Interestingly, clinical response rates were similar between
patients with wild-type J4K2 and those with JAK2V617F.
Furthermore, only a modest reduction in JAK2V617F allele
burden was measured over time (7%—22% reduction at
week 48).333

The rates of nonhematological toxicities were similar
between ruxolitinib and placebo/BAT groups. Headache, diz-
ziness, diarrhea, and ecchymosis occurred more frequently in
the ruxolitinib group vs placebo group, but overall incidence
of grade 3/4 toxicities was low. Incidence of infections was
50% during the first 6 months of ruxolitinib treatment. Recent
in vitro and in vivo data demonstrated decreased matura-
tion and activation of T-cells and natural killer (NK) cells
in ruxolitinib-treated patients.’*3’ The immunosuppressive
property of ruxolitinib may contribute to increased viral
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reactivation and atypical infection. The majority of rux-
olitinib patients experienced hematological toxicities,
specifically anemia (all grades 96%; grade 3/4 42%-45%)
and thrombocytopenia (all grades 68%—70%; grade 3/4
8%—13%), which were managed with dose modifications and/
or blood product transfusion. The rate of ruxolitinib discon-
tinuation due to hematological toxicities was low at <1%.
Based on these two Phase III clinical trials, ruxolitinib was
approved in November 2011 for the treatment of patients
with IPSS intermediate- and high-risk MF. The starting dose
of ruxolitinib is determined by the baseline platelet level of
the patient: 20 mg orally twice daily (platelets >200x10°/L),
15 mg orally twice daily (platelets 100-200x10°/L), or
5 mg orally twice daily (platelets <100x10°/L). Treatment
is relatively well tolerated, but is often complicated by the
development of cytopenias. Other JAK inhibitors with vari-
ous pharmacokinetics and safety profiles have since been
studied for the treatment of MF, including pacritinib, which
will be the focus of this review.

Pacritinib

Pacritinib, SB1518, is a novel oral tyrosine kinase inhibitor
with dual activity against JAK2 and FMS-related tyrosine
kinase 3 (FLT3) under investigation for the treatment of
various myeloid and lymphoid hematological malignancies.
In August 2014, this small molecule received Fast Track
designation by the US Food and Drug Administration (FDA)
for the treatment of intermediate and high-risk MF. The
drug candidate is currently in Phase III trials: PERSIST-1
and PERSIST-2 (ClinicalTrials.gov ID: NCT01773187 and
NCT02055781).

Chemistry/molecular design

Pacritinib was designed using computational chemistry to be
an adenosine triphosphate-site competitive kinase inhibitor
of JAK2.% It has a low molecular weight of 472.58 g/mol;
its chemical formula is C ;H,)N,O, and chemical structure
is 11-(2-pyrrolidin-1-ylethoxy)-14,19-dioxa-5,7,26-triaza-
tetracyclo(19.3.1.1(2,6).1(8,12))heptacosa-1(25),2(26),3,5,
8,10,12(27),16,21,23-decaene.* The compound is classified
as a macrocycle, a ring structure of at least 12 atoms, and
contains a pyrimidine core (Figure 2).

The molecular structure of pacritinib allows for hydro-
gen bonding with JAK2, which contributes to its selectivity
and potency of the JAK2 tyrosine kinase.** It selectively
inhibits wild-type JAK2 ([IC, ] =23 nmol/L) and the mutant
JAK2V617F ([IC, ] =19 nmol/L); but not JAK1, JAK3, or
TYK2 ([1C,,] of 1,280, 520, and 50 nmol/L, respectively).

Figure 2 Molecular structure of pacritinib.

Pacritinib also inhibits both wild-type FLT3 and the
mutant form FLT3D835Y, with [IC_ ] of 22 and 6 nmol/L,
respectively. 04!

Pharmacokinetics, pharmacodynamics,

and metabolism

In vitro studies have provided information on pharmacody-
namics and metabolism of pacritinib.* Results from metabolic
studies suggest that pacritinib is metabolized mainly by cyto-
chrome P450 CYP3 A4 and does not inhibit the CYP isozymes
(3A4, 1A2, 2C9, 2D6, 2C19). Findings from a bidirectional
Caco-2 permeability assay established that pacritinib has high
permeability and a low efflux ratio, and thus is unlikely to be
a substrate for P-glycoprotein. Plasma protein binding assays
have also demonstrated that pacritinib is more than 99%
bound to plasma proteins. A study to assess the effect of food
on drug bioavailability was performed using a single 200 mg
dose of pacritinib in healthy volunteers. The mean plasma
concentrations, peak plasma concentrations, and area under
the curve were slightly higher, although not significantly
higher, under fed conditions than fasted conditions. Therefore,
it was concluded that there was no food effect on pacritinib.
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Phase I studies of pacritinib in MF have provided
pharmacokinetic data demonstrating that the drug is rapidly
absorbed and does not accumulate with repeated cycles.
In a Phase I study of pacritinib in myeloid diseases, including
31 patients with MF and five patients with AML, the mean
time to peak concentration (7' ) ranged from 3 to 5 hours,
.») Was 2-3 days.** The
other Phase I study with 20 MF patients produced similar

and the mean elimination half-life (¢

results: 7 ranged from 3 to 6 hours, while ¢, , was 22-55
hours.*” In both studies, pacritinib was administered orally
once daily in 28-day cycles at doses ranging from 100 to
600 mg. Pharmacologically active levels were achieved
at all doses. A dose-related linear increase in area under
the concentration—time curve was observed with no drug
accumulation.

Clinical efficacy in myelofibrosis

Phase II trials focusing on pacritinib for the treatment of
MF demonstrated encouraging results. One study treated
33 patients with primary or secondary MF who had sple-
nomegaly of at least 5 cm below the left costal margin and
were not suitable for standard therapy.*# Pacritinib was
administered orally as 400 mg daily in 28-day cycles. The
primary endpoint was spleen response rate as measured
by MRI from baseline up to week 24. Out of 30 patients,
29 (97%) patients had spleen volume reduction, and 17 (57%)
patients had a reduction of =25%. Out of 31 patients assessed
by physical exam, 12 (39%) patients had =50% spleen length
reduction with seven (23%) patients having 100% reduc-
tion. In patients on treatment for 6 months, the intensity of
disease-related symptoms decreased by 40%—65%. Another
single-arm, open-label Phase II study of pacritinib in 34
patients with newly diagnosed intermediate and high-risk

disease or previously treated MF was conducted.* According
to DIPSS classification, 34% of patients were intermediate-1
risk, 37% were intermediate-2 risk, and 20% were high risk.
This trial evaluated the primary endpoint of spleen response
using pacritinib at the same dosing schedule. Out of 26
patients assessed by MRI, eight (31%) patients had =35%
reduction in spleen volume. Out of 33 patients assessed by
physical exam, 14 (42%) patients had =50% spleen length
reduction. Fifteen (48%) patients had =50% reduction in
total symptom score as assessed by the Myelofibrosis Symp-
tom Assessment Form.

Two large randomized, controlled, open-label interna-
tional Phase III trials of pacritinib for the treatment of MF
are currently ongoing (Table 3). The primary endpoint for
both studies is the proportion of patients achieving =35%
reduction in spleen volume from baseline to week 24 by MRI
or computed tomography. PERSIST-1 compares pacritinib
400 mg daily, randomized in a 2:1 ratio, vs BAT, which
may include any physician-selected treatment agent except
ruxolitinib, in 327 patients with primary and secondary
MF regardless of platelet count.*’ Positive findings from
PERSIST-1 were recently announced: pacritinib resulted
in a significantly higher percentage of patients with spleen
volume reduction and improvement in disease-related symp-
toms compared with BAT.*® The spleen volume reduction
rates at week 24 were 19.1% for pacritinib vs 4.7% for
BAT in the intent-to-treat group and were 25% vs 5.9%
in the evaluable population. It was observed that patients
with the lowest platelet counts had the greatest efficacy
with pacritinib. In patients with platelets <100x10°/L
and <50x10?/L, spleen volume reduction rates were 23.5%
and 33.3% in the pacritinib group, respectively. No patients
in the BAT group with baseline platelets <100x10°/L

Table 3 Comparison of Phase Il trials for pacritinib in myelofibrosis

PERSIST-1

PERSIST-2

Title
myelofibrosis
ClinicalTrials.gov identifier NCTO01773187
Design
trial
Participants N=327; no platelet requirements

Treatment arms

Primary outcome
24 by MRl or CT
Secondary outcome
on MPN-SAF TSS

Oral pacritinib vs best available therapy to treat

Randomized (2:1), open-label, multinational controlled

Pacritinib 400 mg once daily vs BAT excluding ruxolitinib

=35% reduction in spleen volume from baseline to week

=50% reduction in total score from baseline to week 24

Oral pacritinib vs best available therapy to treat
myelofibrosis with thrombocytopenia

NCT02055781

Randomized (2:1), open-label, multinational controlled
trial

N=300 (estimated); platelets =100x10°/L

Pacritinib 400 mg once daily vs Pacritinib 200 mg twice
daily vs BAT including ruxolitinib

=35% reduction in spleen volume from baseline to week
24 by MRl or CT

=50% reduction in total score from baseline to week 24
on MPN-SAF TSS

Abbreviations: BAT, best available therapy; MRI, magnetic resonance imaging; CT, computed tomography; MPN-SAF TSS, Myeloproliferative Neoplasm Symptom

Assessment Form Total Symptom Score.
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achieved the primary endpoint at week 24. PERSIST-2 has
completed enrollment of approximately 300 patients with
MF and baseline platelets =100x10°/L.* Treatment-naive
or previously treated patients are randomized into three study
arms, pacritinib 400 mg daily, pacritinib 200 mg twice daily,
and BAT including ruxolitinib. This study could demonstrate
the utility of pacritinib as first-line or second-line treatment
in patients with MF and baseline cytopenias, either due to
disease or prior therapy.

On February 9, 2016 the US Food and Drug Administra-
tion placed all ongoing studies of pacritinib in myelofibrosis
on a full clinical hold due to concerns about increased mortal-
ity due to intracranial hemorrhage and cardiac events among
pacritinib-treated patients. Data are currently being collected
from the PERSIST clinical trials and will be submitted to
the FDA before a final decision will be rendered as to the
potential for resumption of the trials.

Safety and tolerability
Prior to the recent FDA notification of concern over increased
intracranial hemorrhage and cardiac events, pacritinib was
considered well tolerated with manageable gastrointestinal
(GI) symptoms and minimal myelosuppression and other
hematologic adverse effects. In a Phase I dose-escalation
trial of pacritinib, out of 36 patients with MF and AML,
the main adverse events were grade 1/2 diarrhea (33%)
and nausea (13%).*> Grade 3 diarrhea (4%) and grade 3/4
thrombocytopenia (4%) were also noted. Dose limiting
toxicities (DLTs) were only observed at the 600 mg dose, in
which three of six patients developed GI toxicities requiring
treatment interruption. In the other Phase I dose-escalation
trial with 20 MF patients, the most common drug-related
adverse events were diarrhea (89%), nausea and vomiting
(39%), abdominal pain (22%), fatigue (22%), rash (17%),
and dysgeusia (17%).* Overall, most events experienced
were grade 1/2. Grade 3 toxicities were reported at the higher
daily doses of 500 or 600 mg: diarrhea (11%), nausea (6%),
abdominal pain (11%), and fatigue (11%). No DLTs were
observed at the lower doses of 100, 200, or 400 mg. However,
at the 600 mg daily dose, two of four patients experienced
DLTs due to GI toxicities. Three patients in the 500 mg
group also required treatment interruptions after cycle 1 due
to diarrhea, dizziness, and elevated alanine aminotransferase,
respectively. Thus, on the basis of tolerability profile and
clinical efficacy, the suggested dose of pacritinib for Phase II
trials was 400 mg daily.

The safety profile of pacritinib in MF was further
examined in Phase II trials. Consistent with Phase I results,

the most frequent adverse events were due to GI toxicity.
One Phase II trial enrolled 33 MF patients, in which 32
were evaluable for safety.*# Diarrhea (81%), nausea (41%),
vomiting (22%), fatigue (9%), rash (6%), and abdominal/
extremity pain (6%) and insomnia (6%) were reported. These
symptoms were readily manageable with supportive care,
antidiarrheal, and antiemetic agents. There were minimal
grade 3/4 toxicities, including grade 3 diarrhea (6%) and
grade 3 rash (3%). Significant neutropenia and thrombocy-
topenia were uncommon, with no grade 3/4 events. Eighteen
patients had adverse events requiring dose interruption or
reduction, mostly due to diarrhea. There were three deaths
reported; however, none were related to the study drug.

The other Phase II study enrolled 34 patients and observed
similar nonhematological toxicities: diarrhea (77%), nausea
(46%), fatigue (37%), and vomiting (31%).% Most adverse
events were grade 1 or 2, though grade 3/4 events were also
reported: fatigue (12%), diarrhea (9%), abdominal pain
(6%), dehydration (6%), and aspartate aminotransferase
increase (6%). Hematologic abnormalities such as anemia
(all grades 34%:; grade 3/4 26%) and thrombocytopenia (all
grades 23%; grade 3/4 21%) were also noted. However, many
patients had baseline cytopenias of Hgb <10 g/dL (40%) and
platelets <100x10°/L (43%). During the study period, mean
Hgb levels remained steady, and platelet levels modestly
decreased. Only three patients required dose interruption
due to thrombocytopenia. Pacritinib was discontinued in
nine patients (26%); however, only six cases were reasons
related to the study drug including adverse reactions such
as nausea, pruritus, hypersensitivity, thrombocytopenia,
hyperbilirubinemia, and subdural hematoma. There were
five deaths; two were due to disease progression, while three
were due to severe adverse events, including one subdural
hematoma possibly related to pacritinib and two sepsis cases
considered unrelated to the study drug.

In the recently announced results of the Phase III
PERSIST-1 trial comparing pacritinib and BAT, adverse
events continued to be consistent with prior studies.*® The
most common adverse events were diarrhea, nausea, and
vomiting (grade 3 were <5%, <1%, <1%, respectively).
Hematologic adverse events were similar between the two
treatment groups.

However, the concern that increased deaths among pac-
ritinib-treated patients are being investigated and pacritinib
treatment has been discontinued among all trial patients
until further notice from the FDA. Subsequent to the initial
announcement, compassionate use has been granted to certain
patients who were felt to have been benefiting from the drug.
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Discussion

The clinical application of pacritinib in the treatment of MF
remains uncertain. Current data have demonstrated thera-
peutic benefits of decreasing splenomegaly and improving
quality of life in patients with intermediate- or high-risk
disease. In MF, it is believed that constitutional symptoms
are linked to elevated plasma levels of proinflammatory
cytokines; however, the effect of pacritinib on circulating
cytokine levels via JAK inhibition is currently unknown. It
also remains to be seen whether pacritinib confers survival
benefits or modulates the natural course of disease progres-
sion in terms of mutation allele burden, bone marrow fibrosis,
and AML transformation.

Although expected toxicities from pacritinib such
as GI complaints are manageable, recent concerns over
an excess of intracranial hemorrhage and cardiac events
raise the possibility that unexpected adverse effects
may complicate its use. Increased risk of infection and
immunosuppression has not been described in currently
available data. Significant drug-related hematological
toxicities appear to be less common with pacritinib than
with less selective JAK inhibitors, which is advantageous
for MF patients who often present with baseline anemia
and thrombocytopenia. The potential for pacritinib to have
enhanced efficacy when used in combinatorial strategies,
prior to alloHSCT or as an anti-leukemic therapy relies
completely on analysis of the final toxicity and survival
results from the PERSIST trials.

Besides pacritinib, other JAK?2 inhibitors that target the
dysregulated JAK/STAT pathway have been under investi-
gation. However, the clinical development of many agents
has been terminated because of significant adverse events.
For example, XL0O19 was halted in a Phase I trial owing to
peripheral neuropathy despite dose reductions.® Phase III
trials of fedratinib (SAR302503) found significant neurotox-
icity, specifically Wernicke’s encephalopathy,’! while studies
with lestaurtinib (CEP701) reported higher toxicities than
therapeutic benefits.> Momelotinib (CYT387) is the only
other JAK inhibitor still in development for the treatment
of MF. This JAK1/2 inhibitor has also demonstrated clinical
responses in splenomegaly, constitutional symptoms, and
anemia in Phase I/II studies.” It is currently in a Phase III
trial vs ruxolitinib for treatment of MF patients who are JAK
inhibitor-naive.**

While the JAK/STAT pathway is the target of many
investigational therapeutic agents for MF, it is just one of
many components underlying the molecular pathogenesis
of the disease. This is known in part because even though

JAK2V617F mutation results in JAK/STAT dysregulation,
it alone does not lead to the development of clinical MF
and only 40%—-60% of patients are JAK2V617F-positive.
Furthermore, blast cells of transformed JAK2 V61 7F-positive
MF patients are often JAK2 V61 7F-negative, suggesting that
the mutation is not crucial to the leukemic transformation
process.” Other members of the JAK family may play a
key role in the manifestation of disease symptoms. For
example, inhibition of JAK1 reduces levels of circulatory
proinflammatory and proangiogenic cytokines, which may
contribute to the improvement of symptoms reported by
patients. Somatic mutations in other cell proliferation pro-
tein have been described in MF patients. Gain of function
mutations in the thrombopoietin receptor myeloproliferative
leukemia virus oncogene (MPL) is reported in approximately
5% of PMF patients who are JAK2V617F-negative.*® Loss-
of-function mutations in JAK/STAT pathway inhibitors
SH2B3 or CBL genes have been identified as well.?** The
interaction of these other signaling pathways with JAK/
STAT provides additional therapeutic targets and treatment
options for MF. Some current agents under investigation
include mammalian target of rapamycin inhibitors (eg,
everolimus), histone deacetylase inhibitors (eg, givinos-
tat), pegylated IFN alpha (eg, PEG-IFN-02a), proteasome
inhibitors, PI3K inhibitors, and Hedgehog inhibitors. Vari-
ous combinations of chemotherapy agents, hypomethylating
agents, JAK inhibitors, and other pathway inhibitors are also
being studied.'®

Conclusion

MF is a chronic hematological condition with a broad spec-
trum of disease symptoms that often lead to a poor quality
of life with a risk of AML transformation. Although treat-
ment options are currently limited, the novel class of JAK2
inhibitors has demonstrated disease response, as measured
by improvement in splenomegaly and symptom burden.
Current data on the clinical benefits and safety profile of
pacritinib in the treatment of patients with MF are eagerly
awaited, particularly in light of the unexpected toxicities
seen with other JAK inhibitors resulting in cessation of
further development. Full enrollment was achieved in
PERSIST-1 and PERSIST-2 prior to the FDA clinical hold;
once toxicities are clarified and resolved and it is determined
whether the hold will be lifted, we may more clearly define
the role of pacritinib in the management of MF.
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