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Abstract: Anagrelide (ANA) hydrochloride is an oral imidazoquinazoline registered as an
orphan drug in Europe. It is indicated as a second-line agent for the reduction of thrombocytosis
in high-risk essential thrombocythemia (ET) in Europe and in any myeloproliferative neoplasm-
associated thrombocytosis and for the amelioration of thrombo-hemorrhagic events in the context
of myeloproliferative neoplasm in the USA and Japan. The compound has been in clinical use for
almost two decades with approval in the European Union (EU) for over a decade. The licensed
indication encompasses the apparently specific action of the drug to reduce the platelet count;
however, the precise mode of action of ANA remains unclear. Here, we review the current data
from two large phase 3 studies, PT-1 and ANAHDRET, and a phase 4 post-approval observational
study EXELS. All of these studies were conducted in the EU and therefore pertain to ET as the
only licensed indication. Data from these studies suggest that ANA is on the whole as effective
as the most commonly used agent hydroxycarbamide (HC). Although ANA, when compared
to HC, appears to be slightly less effective in preventing arterial thrombosis and myelofibrotic
transformation, it is associated with lower risk of venous thrombosis. Since the initial data from
the PT-1 study, a caution has been recommended for the combined use of ANA and aspirin as this
may provoke excess hemorrhage. ET is a clinically and biologically heterogeneous condition,
and these biological variations may in part explain some of the clinical differences observed in
various studies in response to specific treatments. No new toxicities of ANA have emerged in
the past decade, which means that clinicians and patients can be reassured about the efficacy
and safety of this agent, which is of particular importance in a chronic condition such as ET.
Keywords: anagrelide, essential thrombocythemia, PT-1, ANAHYDRET, EXELS

Introduction
Essential thrombocythemia (ET) is a clonal myeloproliferative neoplasm (MPN)
with an incidence of 0.5-2.5 per 100,000 population per year and a slight female
predominance. It is characterized by a sustained platelet count >450x10°/L, without
evidence of reactive causes, iron deficiency and exclusion of other MPNs, but equally
of importance in making the diagnosis is the exclusion of myelodysplasia and chronic
myeloid leukemia. The current diagnostic criteria for ET according to the 2016 World
Health Organization (WHO) classification! and recently updated British Committee
for Standards in Haematology (BCSH) guidelines? are shown in Table 1.
Approximately 50—-60% of ET cases harbor a somatically acquired mutation in
the JAK2 gene. The activating point mutation V617F in exon 14 is the most common
mutation across all MPNs; more rarely, insertions or deletions are identified in exon
12 of JAK2, which are almost exclusively associated with a diagnosis of polycythemia
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Table | Comparison of the revised 2016 WHO' and proposed 2014 BCSH diagnostic criteria® for ET

WHO diagnostic criteria for ET

BCSH diagnostic criteria for ET
Diagnosis requires A1-A3 or Al+A3-A5

Major criteria

Platelet count >450x10°/L

BM biopsy showing proliferation mainly of the megakaryocyte
lineage with increased numbers of enlarged, mature megakaryocytes
with hyperlobulated nuclei. No significant increase or left shift in
neutrophil granulopoiesis or erythropoiesis and very rarely minor
(grade |) increase in reticulin fibers

Not meeting the WHO criteria for BCR-ABLI CML, PV, PMF,
MDSs or other myeloid neoplasms

Presence of JAK2, CALR or MPL mutation

Minor criterion

Presence of a clonal marker or absence of evidence for reactive
thrombocytosis

Diagnosis of ET requires meeting all four major criteria or the first
three major criteria and the minor criterion

Al Sustained platelet count >450%10°/L

A2 Presence of an acquired pathogenetic mutation (eg. in the JAK2,
CALR or MPL genes)

A3 No other myeloid malignancy, especially PV, PMF, CML or MDS

A4 No reactive cause for thrombocytosis and normal iron stores

AS BM aspirate and trephine biopsy showing increased

megakaryocyte numbers displaying a spectrum of morphology
with predominant large megakaryocytes with hyperlobulated
nuclei and abundant cytoplasm. Reticulin is generally not
increased (grades 0-2/4 or grade 0/3)

PV: excluded by a normal hematocrit in an iron-replete patient
PMF: indicated by presence of significant BM fibrosis (greater
than or equal to grade 2/3 or 3/4 reticulin) and palpable
splenomegaly, blood film abnormalities (circulating progenitors
and tear-drop cells) or unexplained anemia

CML: excluded by absence of BCR-ABLI fusion from BM or
peripheral blood

MDS: excluded by absence of dysplasia on examination of blood
film and BM aspirate

Note: Data from Arber et al' and Harrison et al.2

Abbreviations: WHO, World Health Organization; BCSH, British Committee for Standards in Haematology; ET, essential thrombocythemia; BM, bone marrow; CML,
chronic myeloid leukemia; PV, polycythemia vera; PMF, primary myelofibrosis; MDS, myelodysplastic syndrome.

vera (PV), a related MPN.? Twenty to thirty percent of
JAK2-unmutated ETs are associated with insertion/deletion
mutations in exon 9 of the CALR gene. Overall, 3-5% of ET
patients have mutations in the thrombopoietin receptor, also
known as the MPL protein, and the remainder are considered
triple-negative without a known genetic defect.*> Recent
work suggests that these patients may either have hereditary
thrombocytosis or harbor as yet less well-described mutations
in MPL or JAK2.%8

Patients with ET are commonly asymptomatic, but may
throughout the course of the disease develop microvascular
(headache, dizziness, erythromelalgia), thromboembolic or
hemorrhagic complications. Disease progression to myelofi-
brosis (MF), termed post-ET myelofibrosis (PET-MF), in ET
is thought to be uncommon particularly when strict interpre-
tation of the WHO diagnostic criteria is applied, making the
distinction between the so-called true ET and prefibrotic MF.

This is a contentious issue, and experts in the field remain
divided as to its utility. It is important to note, however, that
the WHO classification places considerable emphasis on bone
marrow morphology as a key feature. Training in the use of
these criteria was shown in a Danish publication to increase

reproducibility and interobserver variation in applying the
WHO criteria, but even after such training, there is still sig-
nificant lack of agreement.'® This is in contrast to the current
BCSH criteria, which similar to the previous Polycythemia
Vera Study Group (PVSQG) classification has a greater focus
on the exclusion of other subtypes of MPNs or myelodys-
plastic syndromes.!! In a recent analysis, Gisslinger et al'
demonstrated equivalence of the WHO and BCSH criteria
when each were correctly applied in terms of predicting
overall survival and progression to PET-MFE.!* As noted in
correspondence associated with this analysis, it is likely that
improved understanding of the molecular disease-driving
mechanisms will better improve risk stratification and effec-
tive management.'3

As a clonal disorder, ET shows a weak propensity to
transform to acute myeloid leukemia (AML).'* Exact figures
are skewed by environmental factors and the use of potentially
leukemogenic agents in the treatment of ET. However, accord-
ing to data from the Swedish registry, 25% of patients whose
disease ultimately transformed to AML were untreated, thus
supporting the idea that the risk of transformation is at least
in part intrinsic to the disease." It is likely that the observed
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transformation rate is not a true reflection of actual risk, as
the lag period to transformation, of any kind, is usually long.
This means that accurate data, regarding risk of PET-MF and
secondary leukemia and any negative or positive treatment-
related modifiers, are extremely difficult to accurately
quantify and study.

Although at present ET is a disease that is regarded as
incurable, life expectancy appears to be almost comparable
to age-matched peers at least for the initial decade of dis-
ease, but beyond that, there is a degree of uncertainty. Risk
stratification in ET is used to determine which patients should
receive cytoreductive therapy (CRT) to prevent thrombosis;
it should be noted that such therapy has not been shown to
prolong survival. Here, older patients (age >60 years) and/
or those who have already experienced thromboembolic
events are deemed to be at high risk. Formal risk stratification
tools such as the international prognostic score for the risk
of thrombosis in ET (IPSET-thrombosis) lack prospective
validation limiting their use.'* It is generally recommended
that patients identified to be at high risk should receive
platelet-reductive therapy and aspirin (ASA).!%!7 Effective
treatment is regarded as one that achieves platelet count
reduction, minimizes thrombo-hemorrhagic events and con-
trols microvascular symptoms without adversely increasing
risk of disease progression or causing major side effects. Of
note, recent attention has focused upon leukocytosis as a
risk factor for thrombosis, although there is little consensus
on reducing the leukocyte count. Response criteria for ET
have been produced by the European LeukemiaNet (ELN),'®
but these have not been designed for standard clinical use;
instead, they are suggested for use in clinical trials. Moreover,
the utility of some aspects such as molecular and histological
responses has been questioned.

Therapy for ET must therefore include anti-aggregatory
therapy, targeted treatment of cardiovascular risk factors
and in selected patients cytoreduction to achieve platelet
number normalization (<400x10°/L), a normal spleen size
and a white blood cell (WBC) count of <10x10°L with no
disease-related symptoms.

Current evidence suggests that hydroxycarbamide (HC) in
combination with ASA is the most efficacious and most cost-
effective treatment for high-risk ET. However, in patients who
are treatment refractory or are intolerant to HC, anagrelide
(ANA) is licensed as second-line treatment in the European
Union (EU); itis also licensed as first-line treatment in Japan
and the USA. The number of other cytoreductive agents
for patients with ET is limited to interferon alpha (IFN «),
which is unlicensed, and a handful of older drugs with more

significant leukemogenic potential such as busulfan, pipobro-
man or radioactive phosphorus. Experimental therapies cur-
rently being explored in ET include JAK inhibitors, histone
deactylase inhibitors and the telomerase inhibitor imetelstat."

This review is an update on studies evaluating the use of
ANA in the treatment of thrombocytosis in the context of
MPNs with particular emphasis on its use in high-risk ET.
Current evidence suggests an important role of ANA in the
treatment of individuals for whom HC is inappropriate or
inadequate, or might be associated with long-term toxicity,
such as younger patients.

ANA and ET

ANA hydrochloride monohydrate Xagrid® (Shire, Dublin,
Ireland), Thromboreductin® (AOP Orphan Pharmaceuti-
cals, Vienna, Austria) and Agrylin® (Shire) are oral imid-
azoquinazolines registered as orphan drugs in Europe.
ANA is indicated for the reduction of thrombocytosis in
high-risk ET, as a second-line agent, in Europe, and in any
MPN-associated thrombocytosis and for the amelioration of
thrombo-hemorrhagic events in the context of MPN in the
USA. High-risk ET is defined as having one or more of the
following risk factors: age >60 years, platelets >1500x10°/L,
previous thrombo-hemorrhagic events and additional cardio-
vascular risk factors."”

ANA received its primary marketing authorization in the
USA in 1997 for ET and subsequently for other MPNs. It was
initially developed as an inhibitor of platelet aggregation®
but found to have value as a platelet-lowering agent for the
treatment of ET.?'*? Unlike many other treatments used in
MPN, ANA is non-mutagenic, has no effect on angiogenesis
and does not increase risks of leukemia, which make it a
particularly useful drug for young patients with a longer
natural history of ET.

ANA mechanism of action

The mechanism of action of ANA is not fully characterized.
In vitro studies suggest that the platelet-lowering effect results
from impaired megakaryocyte maturation and reduction in
pro-platelet formation (PPF).? ANA and its active metabolite
3-hydroxy-ANA specifically, reversibly and dose-depend-
ently block the maturation of late-stage megakaryocytes. ET
is associated with hyperproliferation of megakaryocytes, with
increased cell size and ploidy. In ET patients, ANA induces
left-shifted maturation and reduces both megakaryocyte size
and DNA content.?*?” ANA’s effect on megakaryocytes has
not been completely elucidated and appears to be specific
to humans, limiting pharmacodynamic studies of the drug.?
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A postulated route is through primary inhibition of TPO/c-
mpl receptor-mediated events in megakaryocytes, including
GATA 1 and FOG-1 expression.? This might be consistent
with the apparently platelet-selective effects of ANA without
effect on erythropoiesis and granulopoiesis. ANA appears
to have no effect on hemopoietic stem cells and does not
cause DNA damage.* Both ANA and its active metabolite
3-hydroxy-ANA elicit a marked effect on megakaryocyte
growth with similar specificity and potency in vitro.?! ANA
appears to normalize different aspects of platelet function in
ET, including platelet coagulant activity and endothelial func-
tion.>>* The inhibitory effect of ANA on platelet aggregation
in ET occurs at significantly higher doses than required for
platelet reduction, which may be important when considering
patients with bleeding risk.

Aside from its effect on megakaryocytes, ANA also
inhibits cyclic adenosine monophosphate (cAMP) phospho-
diesterase (PDE) activity. 3-Hydroxy-ANA is nearly 40 times
more potent at inhibiting PDE than the parent compound. The
potent inhibition of PDE is likely to contribute significantly
to the observed cardiovascular side effects of ANA.3!

Pharmacodynamics and

pharmacokinetics
ANA is very well absorbed independent of concurrent food
intake (>70%) with a bioavailability of around 50%.> The
pharmacokinetic properties of ANA are linear in the dose
range 0.5-2 mg, without plasma accumulation with repeated
administration. ANA reaches peak plasma concentrations
(C_,) in 2 hours and has a terminal half-life of 1.7 hours
in patients with ET.* Case reports of intentional overdoses
describe patients presenting with sinus tachycardia and vom-
iting, which resolve with conservative management.

However, platelet reduction from ANA is dose-dependent
in humans. Overdose could therefore induce spontane-
ous bleeding related to severe thrombocytopenia. ANA
undergoes extensive first-pass metabolism via CYP1A2 to
generate the active metabolite 3-hydroxy-ANA, which is
further metabolized via CYP1A2 to the inactive metabolite,
2-amino-5,6-dichloro-3,4-dihydroquinazoline. The latter is
mainly excreted in urine. Less than 1% of ANA is recov-
ered in the urine, and even severe renal impairment (CrCl
<30 ml/min) does not appear to have a significant impact on
ANA pharmacokinetics.>

Exposure to ANA in moderate hepatic impairment is
eightfold, and its use in patients with moderate—severe
hepatic impairment is contradicted. Caution is advised in
patients with mild hepatic impairment. ANA should only be

used if the benefit of its treatment clearly outweighs the risk.
In patients with mild hepatic impairment, dose reduction
is required and careful monitoring for cardiovascular side
effects is advised. ANA is not recommended in patients with
elevated transaminases (>5 times the upper limit of normal).*

In patients with known or suspected cardiac disease, the
use of ANA must be carefully considered. It is recommended
that ANA should be used with caution in any patient with
known risk factors for prolongation of the QT interval, such
as congenital long QT syndrome, a known history of acquired
QTec prolongation, use of medicinal products that can prolong
QTc interval and hypokalemia.’

Since ANA is at least in part metabolized by CYP1A2,
other substances that have an inhibitory effect on CYP1A2
such as grapefruit juice and fluvoxamine and enoxacin should
be avoided. There is a theoretical risk that other inotropic
PDE inhibitors such as theophylline and milranone could
exacerbate the cardiovascular side effects of ANA. 3536

Clinical efficacy

ANA is a highly effective platelet-reducing agent with
response rates ranging between 76% and 94%. The reported
differences are most likely related to variable response criteria
used in different studies.*”** When used as a second-line
agent after HC failure, complete response rates are around
50%.%

It is important to note however that response to CRT
according to the ELN criteria does not seem to correlate
with thrombotic risk reduction in ET.***" In that respect,
Hernandez-Boluda et al did not observe any significant
clinical benefit in ET patients achieving complete response
with ANA.*

Perhaps not surprisingly, there are no placebo-controlled
studies investigating the effect of ANA on thrombotic events.
The ameliorating effect of ANA on thrombosis risk has been
inferred from studies using historical controls and appears
to be superior to no cytoreductive agent and similar to that
of HC. There are however some important and clinically
significant differences, which have been reported in the only
two randomized studies comparing HC and ANA, and these
studies are discussed as follows.

Primary Thrombocythemia | (PT-1) study
The United Kingdom Medical Research Council PT-1 study
was an open-label randomized phase 3 study comparing HC
and ASA against ANA and ASA in patients with high-risk
ET.* This independent academic study involved 809 patients
meeting the PVSG diagnostic criteria for ET with high-risk
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features including at least one of the following: age >60 years,
platelet count >1000x10°L, and history of thrombo-hemor-
rhagic events, hypertension or diabetes mellitus. It may be
important to note that these patients were diagnosed using
PVSG criteria and that the definition of high-risk disease in
this study was slightly different from that currently used.

Patients received HC (initial dose 0.5—1 g/day; n=404)
or ANA (initial dose 0.5 mg twice daily; n=405), with doses
adjusted to maintain a platelet count <400x10°L. Treatment
failure was defined as failure to achieve a platelet count of
<600x10°L after 3 months of therapy. All patients received
ASA 75-100 mg once daily, or in case of intolerance,
clopidogrel or dipyridamole. At the time of the primary
analysis, the median observation time was 39 months (range:
12-72 months). The composite end point of the study was
thrombosis, major hemorrhage, transformation or death
from thrombosis or serious hemorrhage. The secondary end
points were time to first arterial/venous thrombosis, serious
hemorrhage, time to death, incidence of fibrotic, leukemic
and myelodysplastic transformation and transformation to
PV and control of platelet count.

Although the platelet count control was quicker with
HC than ANA, it was equivalent in the long term (ie. after
6 months). The primary composite end point occurred more
frequently in patients treated with ANA (16% in the ANA
group versus 11% in the HC group at 5 years), and the
secondary end point arterial thrombosis was almost twice
as common in the ANA group compared to the HC group.
This difference was mainly related to an increased number
of transient ischemic attacks (TIAs) in patients receiving
ANA and ASA. The reported frequency of TIAs might have
been related to known cardiac side effects. However, another
theory suggests the possibility of microbleeds rather than
actual ischemic events in patients receiving a combination of
ANA and ASA.% No evidence of the so-called microbleeds
was seen on any scans in this study, so such conjecture seems
unfounded. Furthermore, there were significantly higher rates
of serious hemorrhage, with gastrointestinal hemorrhage
being particularly common. This observation is thought to
be due to synergistic anti-aggregatory activity of ANA and
ASA, which is now cautioned against in the summary of
product characterization (SPC) of ANA.> The rate of death
due to thrombo-hemorrhagic events was comparable in both
groups. In contrast, the rate of venous thromboembolism in
the ANA group was approximately one-quarter of that in
the HC group, with a corresponding significantly lower rate
of deep-vein thrombosis, but no increase in the occurrence
of pulmonary emboli or hepatic vein thrombosis. Although

the study reported an increase in arterial events in the ANA
compared to the HC arm, the investigators reported that ANA
had an ameliorating effect on arterial thrombotic risk. This
is supported by evidence from studies comparing HC to pla-
cebo in the treatment of high-risk ET, where reported arterial
thrombosis rates in the placebo group®! were significantly
higher than in patients treated with ANA in the PT-1 study.

Interestingly, and controversially, the study observed a
significant increase in transformation to PET-MF in patients
treated with ANA compared to HC, which formed the basis
for premature study closure. The estimated actuarial risk
of MF at 5 years after trial entry was 2% for the HC group
compared to 7% for the ANA group. There was no statisti-
cally significant difference in myelodysplastic or leukemic
transformation between the study arms at the time of the
primary analysis. Patients withdrew more frequently from
ANA compared to HC therapy. This was related either due
to side effects or less frequently due to the development of
a study end point or serious adverse events.

The results from the PT-1 trial were clearly in favor of
combination therapy of HC and ASA over ANA and ASA
for patients with high-risk ET. However, there are some
critical points that warrant further discussion. The reason for
increased rate of MF in the ANA arm compared to HC was
not conclusively explained.

The study used the PVSG criteria for the diagnosis of
ET, which do not necessitate a bone marrow assessment.
Therefore, patients may have had varying degrees of estab-
lished reticulin/collagen fibrosis at baseline. This could
have concealed the important distinction between true ET
and prefibrotic MF, which is likely to have influenced the
reported rate of myelofibrotic transformation. However,
the randomized nature of the study should have mitigated
against such bias. Stratified randomization did not achieve
perfect balance between the two arms of the trial, since the
published supplemental data showed an imbalance in the
disease duration, favoring the HC arm possibly skewing the
fibrotic transformation rate in the ANA arm; a higher pro-
portion (6%) in the ANA arm also received prior busulfan
(3%) than in the HC arm. Furthermore, a third of patients
in the ANA arm had previously been treated with HC. It is
possible that ANA does not actually affect progression of
early fibrosis to classical MF, but that HC is a more effective
agent at halting fibrotic progression. Therefore, the reported
rate of myelofibrotic transformation in the ANA arm may
not be treatment related. Subsequent studies and previously
reported data support the notion that ANA does not hinder the
rate of myelofibrotic progression.’ But there is lack of clarity
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regarding the potential of ANA to accelerate fibrosis. Finally,
it can be argued that the statistical power of the PT-1 study
should be protective against a randomly uneven distribution
of patients with an inherently higher propensity for MF
between treatment arms. However, since the event number
was so low overall (n=21), there is a theoretical potential
for problems with completeness of event reporting and a
significant effect produced by even a minor flaw.

Concerning thrombosis, the superior effect of HC over
ANA on arterial thrombotic risk may be partly related to its
overall myelosuppressive effect, with reduction in white cell
count and reduction in hematocrit.”> HC also has a modu-
latory effect on endothelial function and acts as a nitrous
oxide donor. All of these aspects may potentially explain the
apparent superiority of HC.3>

In a study, 806 ET patients including 776 from the original
PT-1 study were tested for JAK2 mutation status. The purpose
of the study was to determine a pattern between J4K2 muta-
tion status, clinical phenotype and differential response to
HC compared to ANA. Those with JAK2-positive ET had a
greater resemblance with PV patients with features of pan-
myelosis and increased venous thrombosis.> J4K2-positive
ET patients responded better to HC than ANA, than those
who were JAK2 negative. Similar data were also recently
reported on the PT-1 cohort suggesting that features of PET-
MF including anemia developed more frequently in patients
with CALR or MPL mutations when treated with ANA versus
HC.% These data argue that in the future, ET therapies may
be chosen on the basis of clinical and molecular features
specific to the individual patient.

Anagrelide compared with
Hydroxyurea in WHO-classified ET
(ANAHYDRET) study

This prospective randomized, single-blind phase 3 trial was
designed to demonstrate that the selective platelet-lowering
therapy with ANA is non-inferior to HC in the prevention
of thrombo-hemorrhagic events in high-risk ET diagnosed
according to the WHO criteria (WHO-ET).’” The study
included 259 patients with untreated high-risk WHO-ET for
an observation time of 36 months. Patients were randomized
to receive ANA (n=122) or HC (n=137) with or without the
addition of antiplatelet therapy. The two treatment arms com-
pared platelet-, hemoglobin- and white cell count-lowering
effects, ET-related complications and safety and tolerability
parameters. The diagnosis of WHO-ET was confirmed by
histopathological examination of the bone marrow at study

entry and later reexamined in a blinded fashion at a pathol-
ogy reference coordinating center. A proportion of the cohort
(n=199) were also assessed for the JAK2V617F mutation as
an additional thrombophilic marker. ANA was commenced
at 1 mg/day and HC started at 1.5 g/day, and titrated to a dose
to achieve a target platelet count <450x10°/L.

There was no relevant difference in platelet- or hemoglo-
bin-lowering effect between the groups, but a significantly
lower white cell count in the HC group. In contrast to the
results from the PT-1 study, there was no apparent difference
in major clinical events; specifically no significant difference
in arterial or venous thrombosis. Subanalysis of the cohort for
JAK2V617F mutation status showed no statistical difference
in thrombotic events or event-free survival between patients
with mutant or wild-type J4K2. There were also slightly
more minor rather than major bleeding events in the ANA
arm, half of which were associated with concomitant use
of ASA. This discrepant result compared to the PT-1 study,
which reported more major bleeding events in the ANA
with ASA arm, may have been due to restrictive use of ASA
with ANA and comparative lack of statistical power of the
ANAHYDRET study.

Adverse events including serious adverse events and those
leading to treatment discontinuation were equally distributed
between the two study arms. However, there were relatively
more cardiovascular events in the ANA group and more
significant leukopenia and minor infections in the HC group.

The ANAHYDRET study also included a retrospective
analysis for the development of PET-MF, mainly based on
clinical and biochemical surrogate parameters (constitutional
symptoms, anemia, leukoerythroblastosis, splenomegaly,
high serum lactate dehydrogenase) rather than bone marrow
assessment for reticulin/collagen fibrosis. According to these
criteria, only one patient in the HC and two patients in the
ANA arm developed PET-MF over a 9-year follow-up period,
with none of the patients developing more than one of the
surrogate markers. Clonal evolution with transformation to
leukemia or myelodysplasia was not observed.

The authors concluded that in this homogeneous study
population of WHO-ET, ANA was non-inferior to HC in
the prevention of ET-related thrombo-hemorrhagic events
with comparable tolerability and safety characteristics.
The exceptions were bleeding risk and cardiovascular side
effects with ANA. It was suggested that the former could
be minimized by avoiding concomitant use of ASA, and the
latter by dose reduction according to tolerance. Consistent
with previous reports, patients with WHO-ET in this study
had low JAK2V617F allele burden.
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Contrary to the results from the PT-1 study, the smaller
ANAHYDRET study did not show a significant difference
in thrombosis risk reduction between the two study arms,
while there was a marked reduction in arterial thrombosis
in the HC and ASA arm when compared to the ANA and
ASA arm in the PT-1 study. In the PT-1 study, patients were
diagnosed according to the PVSG criteria (PVSG-ET). Con-
sequently, the cohort was more heterogeneous and likely to
have included both patients with true ET and patients with
prefibrotic MF. It is possible that patients with prefibrotic ME,
who appear to have an inherently higher arterial thrombosis
risk, respond better to the unselective cytoreductive effect of
HC, with superior arterial thrombosis risk reduction, than to
megakaryocyte-selective ANA and that this may in part be the
reason for the different results from PT-1 and ANAHYDRET.

The authors from the ANAHYDRET study suggest that
the conclusions drawn from the PT-1 study may not be gener-
ally applicable to patients with WHO-ET and that distinction
between WHO-ET and prefibrotic MF may play an important
role in choosing an appropriate cytoreductive agent. But there
are still considerable concerns regarding reproducibility and
different histopathologists being able to clearly distinguish
between the two entities, as discussed earlier.!%!>!° Nonethe-
less, the proposal that treatment recommendations for WHO-
ET may not apply to patients with PVSG-ET is intriguing.
However, the non-inferiority design of the ANAHYDRET
study is a clear limitation with inadequate statistical power
to permit universal treatment recommendations.

The Evaluation of Xagrid®
Efficacy and Long-term Safety

(EXELS) study

The EXELS study is the largest prospective study in ET so
far. It is a phase 4 post-approval commitment observational
multicenter study designed to monitor efficacy, safety and
pregnancy outcomes in ET patients treated with ANA or
other CRTs in routine clinical practice. The study sponsor
was Shire Pharmaceuticals.

A total of 3649 high-risk ET patients were recruited
from May 2005 to April 2009, in 13 European countries.
Data including predefined clinical events (PDCEs) were
collected at registration and every 6 months thereafter for
5 years. Efficacy assessment involved evaluation of platelet
reduction, incidence of thrombo-hemorrhagic events and
drug utilization patterns. The results presented here are
from a scheduled datacut in September 2011, 2.5 years
after registration of the last patient and the preliminary final
data presented by Birgegard et al at the American Society

of Hematology annual conference in 2014.%® Final results
including data on platelet response and pregnancy outcomes
are still awaited; the authors understand that a final analysis
of the study including analyses for major events is underway.

ET patients, diagnosed according to the PVSG and WHO
criteria, whichever was used by the recruiting center, with at
least one high-risk feature (as described earlier) previously
treated or commenced on CRT were eligible for inclusion
in the study. As a non-interventional study, the choice of
CRT was determined prior to study entry, and patients were
managed according to local policy. This study gives valuable
insight into the real-world management patterns of ET. As a
result, there is considerable variation in treatment strategies,
making analyses of differences in treatment-determined out-
comes highly complex. The size of the EXELS study however
means that it is extremely important and potentially provides
very powerful data.

Most patients had already been treated with CRT (80.6%),
and were therefore not treatment naive. A large proportion
(69.8%) received anti-aggregatory therapy at the time of
study enrollment. The two most common cytoreductive
monotherapies were HC (65.1%) and ANA (22.2%). The
remaining patients received IFN o, busulfan, pipobroman,
phosphorus-32 or a combination of HC with ANA. Many
patients switched therapy during the course of the study.

Importantly for analyzing the results of EXELS and reflect-
ing real-life practice, here a significant number of younger
patients (<60 years) received ANA (59.3%) or IFN with only
a small proportion receiving HC (19.3%) or another CRT.
This observation is in accordance with current international
recommendations to avoid CRT with mutagenic potential in
patients <40 years of age. Some country-specific differences
did emerge reflected due to national guidance and also reim-
bursement patterns across the EU.* In the older age group
(>60 years), HC was by far the most commonly used agent,
and only a few very elderly patients (>80) received ANA,
most likely due to concern over cardiovascular side effects
and potential bleeding risk. An analysis of ET therapy in the
very elderly has been published already from the EXELS
database.®® The most frequently reported PDCEs were car-
diovascular symptoms including palpitations, tachycardia,
headaches, hypotension, lightheadedness, dizziness, syncope,
exertional dyspnea and peripheral edema in patients receiving
ANA alone or in combination with another CRT. Concerning
disease-related complications, the overall reported thrombotic
events were low and partly in line with the results from the
ANAHYDRET study. Arterial thrombosis rates were similar
in the ANA and other CRT groups. Hemorrhagic events on
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the other hand were highest in the ANA group, especially in
patients also receiving anti-aggregatory therapy, resonating
the results from the PT-1 study. Thus, the EXELS study also
supported the difference in venous versus arterial thrombosis
previously seen in the PT-1 study.

Disease transformation to MF (n=105) and acute leuke-
mia (n=62) was observed in all treatment groups and one of
the more frequent PDCEs (3.5%), an important observation
when determining disease treatment strategy. The rate of
PET-MF was higher in patients receiving ANA compared
to other CRTs, whereas the rate of leukemic transformation
was higher in patients receiving CRTs other than ANA.
This difference in fibrotic and leukemic transformation
remained apparent when ANA and HC monotherapies were
compared with each other. Interestingly, all patients who
had ever received ANA and transformed to acute leukemia
had previously also received HC. The incidence of death and
transformation was higher in patients with a WBC count
>15x10%L at any time during the study. Further analyses of
these events and also other non-hematological malignancies
which appear to be higher in the other CRT group than the
ANA group are awaited, and an analysis with EU cancer
registries is planned.

The EXELS study provides a real-world insight into com-
mon prescribing practices in the management of high-risk ET.
Although it is not a standard recommendation, combination
therapy with ANA and HC was being utilized in approxi-
mately 10% of patients, in order to improve cytoreductive
efficacy without increasing toxicity, and data concerning this
combination was published from the study and is in line with
other experience.®' Further studies might help to determine
for which patient group, combination therapy might be most
appropriate. Similar to the PT-1 study, the patient cohort in
the EXELS study was heterogeneous including patients with
WHO-ET and PVSG-ET. Additional data are not expected
with regard to molecular subtypes of ET since these were
not collected in the EXELS study, but multivariate analyses
allowing further dissection of the data and removing some
of the age imbalance bias are planned.

Side effect profile and tolerability

The extended ANA study group described the tolerability
profile of ANA at a mean dose of 2 mg/day in 942 patients
and a further non-comparative study of 3660 patients. These
are outlined in the manufacturers’ prescribing information
and include headache (44% in ET), palpitations (26%), diar-
rhea (26%), fluid retention (21%), asthenia (22%), nausea
(17%), generalized abdominal pain (16%), dizziness (15%),

tachycardia and chest pain (8%).’” These side effects were
also more frequently described in the EXELS study and in
the ANA arm of the PT-1 study.*>! It has been suggested that
most side effects are mediated by ANA and the potent effect
of'its metabolite 3-hydroxy-ANA on PDE and cAMP, causing
vasodilation and a positive inotropic effect. Patients treated
with ANA may experience some of these effects in the first
few weeks of therapy. There have been conflicting reports on
whether side effects due to ANA resolve with time.*? Seri-
ous, but rare (0.1-0.01%) noncardiac adverse events include
pleural effusions, pulmonary infiltrates, pulmonary fibrosis,
hypersensitivity pneumonitis, renal tubular injury, pancreati-
tis, hepatitis, stroke, TTA, myelofibrotic transformation and
bleeding, although these are unlikely to occur in patients on
ANA monotherapy.

The reported rate of discontinuation from ANA therapy
due to adverse events ranges between 20% and 40%. PT-1
study reported a drop-out rate due to adverse events 0f 22%.%
Adverse effects related to ANA are dose-related, and com-
mon side effects such as headaches can be managed with
dose titration and simple analgesia and often subside with
time. However, administration of high enough doses of ANA
to achieve a target platelet count of <400x10°%L may not be
possible without causing excessive toxicity especially in older
patients. Cardiovascular side effects have been a concern and
are specifically addressed as follows.

Cardiovascular side effects

The most commonly reported non-thrombotic cardiovas-
cular side effects of ANA are palpitations, tachycardia and
fluid retention. More serious cardiovascular adverse events
including congestive cardiac failure, hypertension and tachy-
arrhythmia are uncommon (0.1-1%), and angina, myocardial
infarction, pericardial effusion, postural hypotension and
cardiac syncope are reassuringly very rare (0.1-0.01%).
These results were also seen in the EXELS study where
serious adverse cardiovascular events were rarely reported
in patients treated with ANA.® There have been case reports
of patients with reversible ANA-associated cardiomyopathy
with full restoration of left ventricular function after discon-
tinuation of ANA.

The outcome of a prospective observational single-center
study did not support in-depth cardiovascular risk factor
assessment prior to commencement of ANA to help predict
and prevent ANA-induced cardiovascular side effects.®
However, from a safety perspective in managing an individual
patient, this is still recommended. The manufacturers’ SPC
recommends that all patients commencing on ANA should
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have a baseline electrocardiogram and echocardiogram
considered.*

Recently, promising data from a phase 2 pilot single-arm,
open-label, multicenter study evaluating the efficacy and
safety of ANA controlled-release (CR) GALE-401 (Galena
Biopharma, San Ramon, CA, USA) in subjects with throm-
bocytosis secondary to ET and other MPNs has been pub-
lished.®* According to the preliminary report, ANA-CR has
superior tolerability characteristics with less cardiovascular
side effects than ANA immediate release (IR). It has been
suggested that the peak plasma concentration of ANA-IR may
be too high, causing excessive PDE inhibition and leading to
increased side effects. GALE-401 showed favorable pharma-
cokinetic characteristics of ANA and 3-hydroxy-ANA with
a significantly reduced C__, while maintaining good overall
plasma exposure. The compound shows promising platelet-
reducing efficacy (overall response rate 70—80%) comparing
favorably to previous reports on ANA-IR.*7 GALE-401 is
expected to decrease the frequency and severity of side effects
in comparison to the IR formulation, improving tolerability
and effective dose titration. AOP has also developed an ANA
slow-release compound. Results from the two phase 3 tri-
als conducted in Austria and eastern Europe assessing the
treatment effect of ANA retard against placebo and against
Thromboreductin (ANA-IR) are still pending.

Differential response of patients
with ET according to gene mutation

status

Improved understanding of the role of driver mutations in
the pathophysiology of MPNs and their effect on clinical
phenotype has prompted studies investigating the differen-
tial impact of ANA on ET according to MPN gene mutation
status.

Several studies have observed the difference in clinical
phenotype between JAK2 mutation-positive ET and JA4K2
wild-type ET. Those with JAK2-positive ET show relatively
higher hemoglobin levels, white cell counts, lower serum
erythropoietin levels and lower platelet counts.” The diag-
nosis of ET was not based on the WHO criteria resulting in
a more heterogeneous cohort. Although the observed dif-
ferences were statistically significant, they were clinically
small. Since then a large retrospective study in patients
with ET (n=867) with 20-year retrospective follow-up did
not show a statistical difference in thrombosis rate between
JAK2-positive and JAK2-negative ET patients;® three meta-
analyses have been published supporting the contrary.®-¢8

The level of JAK2 mutant allele burden in true ET is much
lower than in PV with the majority of cells harboring a het-
erozygous JAK2 mutation. Furthermore, there is evidence
supporting an increased risk of myelofibrotic progression
in patients with ET or PV with an evolving or high stable
JAK? allele burden.

Calreticulin is a highly conserved multifunctional endo-
plasmic reticulum protein with partly unknown function. In
2013, two variant insertion/deletion mutations in the CALR
gene were found to be present in approximately 20-30%
patients with ET and primary MF.>* Although it does not
aid distinction between ET and MF, the presence of a CALR
mutation appears to be almost mutually exclusive with the
presence of either a JAK2 or an MPL mutation. Clinically,
of patients with CALR-mutated ET seem to have a distinct
clinical phenotype from those with a J4K2 mutation. Such
patients are younger and have a higher platelet count, lower
white cell count, a relatively lower hemoglobin and a lower
risk of thrombosis.*” This is consistent with the observation
that both CALR-positive ET and MF patients have lower risk
disease.* It is conceivable that both a high white cell count
and high hematocrit contribute to the increased thrombosis
risk in JAK2-positive ET. Although evidence supporting the
correlation between a higher white cell count and throm-
bosis risk in ET is conflicting, an association was found
in the PT-1 study.*® It is reasonable to assume that a higher
white cell count increases the risk of thrombosis, but not
overwhelmingly so.

There have been a few small studies recently, investigating
the impact of status of JAK2, CALR and MPL mutations on
treatment response to ANA in patients with ET.

The first was a hypothesis-generating study of 47 (n=46
included in the analysis) patients with high-risk WHO-ET
who were intolerant or refractory to first-line therapy.”
JAK?2 mutation-positive and wild-type patients had a good
overall platelet response (67-77%), with J4K2-positive
ET patients being more responsive to ANA than wild-type
patients; however, the numbers were too small to permit a
conclusive statement. A more recent Italian study reviewed
the impact of status of JAK2, CALR and MPL gene mutations
on response to ANA in 21 consecutive patients, diagnosed
between 1983 and 2014." The results suggest a high hemato-
logical response in patients with a J4K?2 and triple-negative
mutational status versus those with the CALR mutation. It has
been demonstrated that the C-terminus of the CALR-mutated
protein loses capacity to bind calcium, in turn affecting a
variety of cellular functions.” The authors hypothesize that
because ANA exerts its effect on megakaryocyte adhesion
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and PPF in a calcium-dependent manner,?*” patients with the
CALR mutation are less sensitive to ANA platelet-reducing
effect.” The number of patients in this study was again too
small, and the cohort was likely to have been fairly hetero-
geneous to draw a convincing conclusion. Additionally, and
in conflict to the data discussed earlier, a different long-term
follow-up (median 110 months) study of 47 WHO-ET
patients with JAK2, CALR and MPL mutation frequen-
cies of 46.3%, 28.3% and 1.5%, respectively, treated with
ANA did not show a differential response to ANA among
molecular subsets.”

Finally, prospective data on disease characteristics and
treatment response of different molecular subtypes in the
PT-1 study patient cohort was recently presented at the
annual European Hematology Association congress.> In
this cohort, JAK2, MPL and CALR mutations were present
in 53%, 4% and 26% of patients with ET, respectively. These
were almost entirely mutually exclusive, but 1% of patients
harbored more than one mutation and analysis of hemopoietic
colonies showed that somatic mutations within these genes
can co-occur in the same tumor subclone.

CALR and MPL mutations affected males and females
equally, while J4K2 mutation and triple-negative mutation
status predominated in females. In terms of age distribu-
tion, patients who were triple negative were youngest,
followed by patients with a CALR and then patients with
JAK?2 or MPL mutations. Consistent with historical reports,
CALR-mutated ET patients presented with lower hemoglo-
bin levels and total white cell counts, and higher platelet
counts. Additionally, venous thrombotic events occurred
most frequently in the J4K2-mutated subgroup, while
CALR-mutated ET patients suffered increased rates of
myelofibrotic transformation. There was no suggestion that
these events were precipitated or influenced by exposure to
either ANA or HC. Platelet count control was equivalent
after treatment with either HC and ASA or ANA and ASA
among all molecular subgroups of patients with high-risk
ET. However, CALR-mutated and MPL-mutated patients
were more likely to develop a lower hemoglobin level in
response to treatment with ANA, independent of ANA dose.
These results support the notion that driver mutations cause
distinct clinical subtypes.

The specific interaction of these mutations in triggering
and leading to disease progression remains to be elucidated.
Improved understanding of their specific role may help to
guide management decisions in the future and may be more
meaningful and reproducible than nuances of megakaryocyte
morphology as the cornerstone of the WHO criteria.

Conclusion

ANA is a megakaryocyte-specific platelet-lowering agent
used in the management of high-risk ET. Data from two sig-
nificant prospective phase 3 randomized studies comparing
ANA to the most commonly used first-line agent HC have
provided valuable information on the efficacy, tolerability
and safety of ANA. While ANA was shown to be a highly
effective platelet-lowering agent with a considerable effect
on overall thrombosis risk reduction, results also showed that
ANA was less effective than HC in arterial thrombosis reduc-
tion, though it had a superior effect on venous thrombosis
risk. The PT-1 study also showed a greater myelofibrotic
transformation risk in patients treated with ANA compared
to HC, which led to premature study closure. The latter
observation may have been related to ANA’s inability to halt
myelofibrotic transformation rather than promoting it, at
least in a subset of patients with ET. ANA in combination
with ASA also resulted in a greater major hemorrhage risk,
which caused the manufacturer to caution against the use of
ANA with ASA.

Another prominent feature observed in these studies was
the frequency of cardiovascular side effects associated with
ANA, which is thought to be mainly related to its potent
PDE inhibition. Although side effects such has headache,
palpitations and dizziness were common, more serious car-
diovascular side effects were reported very rarely.

These results were also corroborated in the largest
prospective study in ET so far. The EXELS phase 4 post-
approval commitment observational multicenter study was
designed to monitor efficacy, safety and pregnancy outcomes
in ET patients treated with ANA or other CRTs in routine
clinical practice. Minor cardiovascular side effects were by
far the most commonly reported predefined clinical event
in patients treated with ANA. Results from a recent phase 2
study assessing the efficacy of ANA-CR are interesting and
promise greater tolerability due to improved pharmacokinetic
characteristics.

Disease transformation to MF was also not an infrequent
observation in the EXELS study, but was reported in all
treatment groups. Similar to results from the ANAHYDRET
study, EXELS did not confirm the difference seen in arterial
thrombosis in patients treated with ANA compared to other
CRTs. Bleeding risk with ANA appeared to be increased in
this patient cohort, which like in the PT-1 study may have
been confounded by the concurrent use of ASA.

These variations in outcome in patients with high-risk
ET treated with ANA may have been influenced by the
clinical and pathological heterogeneity of patients with ET,
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particularly in the PT-1 and EXELS study where patients
were diagnosed according to the PVSG or WHO criteria
for ET.

The study populations may have included patients with a
high inherit propensity to fibrotic transformation and greater
arterial thrombosis risk. However, considering the statisti-
cal power of these large studies, this observation remains
speculative.

Recent studies have highlighted the importance of dif-
ferentiating between patients with true ET and those with
prefibrotic MF. It appears that patients from these different
entities have a very different natural history with variation
in clinical phenotype and the former patient group display-
ing a far more indolent disease course. There has been an
increasing interest in the role of driver mutations in ET and
other MPNs and their role in influencing clinical phenotype
and response to treatment.

The current evidence still supports HC as a highly
effective first-line agent in the management of high-risk
ET. However, ANA is a good second-line alternative, and
its lack of mutagenic potential supports the use of ANA in
younger patients with less cardiovascular risk and a prolonged
disease course.
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