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Thrombocytosis is a common feature of chronic myeloproliferative disorders (MPD) and may be
asymptomatic or associated with transient microvascular vaso-occlusive symptoms or large vessel
arterial or venous thrombosis. Failure of either the hematocrit or the platelet count to correlate
with thrombotic events is a peculiar conundrum of the MPDs. Asymptomatic thrombocytosis
in young MPD patients with no cardiovascular risk factors does not require treatment. It is also
undisputed that lowering the platelet count reduces the incidence of microvascular events in
MPD patients. At the same time, no study to date has demonstrated that platelet count reduction
prolongs survival in MPD patients. Agents such as hydroxyurea, busulfan, IFN-o and anagrelide,
have been used to reduce an elevated platelet count and decrease thrombohemorrhagic events
in at-risk patients with thrombocytosis associated with an MPD. When treatment is required, it
makes sense to use drugs that are not myelotoxic or mutagenic. Based on the Primary
Thrombocythaemia 1 study, hydroxyurea is the treatment of choice for thrombocytosis-associated
transient ischemic attacks. However, hydroxyurea does not prevent venous thrombosis, is not
more effective in preventing arterial thrombosis than anagrelide and its long-term safety is not
established. Therefore, unless curative therapy is planned, one should use the least myelotoxic
agent when platelet count reduction is required. In this regard, anagrelide can be considered a
first-line drug. With regard to long-term safety of anagrelide, the EMEA has required close
monitoring of the safety points identified in future Periodic Safety Update Reports and in a Post
Authorisation Safety Study in the EU, which will focus especially on cardiovascular events and
acute leukemia. In this article, we review anagrelide pharmacology, the physiology of
thrombopoiesis, the differential diagnosis of thrombocytosis and the management of patients
with an elevated platelet count.

KEeyworbps: anagrelide e essential thrombocytosis ® myeloproliferative disorder

Platelets constitute the first line of defense
against hemorrhage when the integrity of the
vessel wall has been compromised. As a corol-
lary, a decrease in platelet number or impair-
ment of platelet function, if severe, creates a
hemorrhagic diathesis. Paradoxically, a marked
increase in platelet number in a myeloprolifera-
tive disorder (MPD), such as polycythemia vera
(PV), primary myelofibrosis (PMF) or essential
thrombocytosis (ET), can also create a hem-
orrhage diathesis by consumption of circulat-
ing high-molecular-weight von Willebrand
multimers (1], while paradoxically also caus-
ing microvascular spasm or transient obstruc-
tion [2], leading to syndromes such as eryth-
romelalgia [3], ocular migraine [45] or transient
ischemic attacks [6]. However, to date, no study
has shown a definite correlation between the
height of the platelet count and major vessel
thrombosis, although this association is fre-
quently imputed clinically. Thrombocytosis is

far less common than thrombocytopenia, and
the means for establishing its etiology, as well as
the mechanisms for its vascular effects and their
management, are still matters of debate. Until
two decades ago, when the imidazoquinazoline,
anagrelide, was introduced (7], chemotherapy or
plateletpheresis were the only means for reduc-
ing platelet number. However, despite two
decades of scrutiny, there is still no consensus
regarding the role of anagrelide in the manage-
ment of thrombocytosis. In this article, we dis-
cuss anagrelide pharmacology, the physiology
of thrombopoiesis, the differential diagnosis
of thrombocytosis and the therapeutic use of
anagrelide based on published experience with
this drug over the past 20 years.

Chemistry

Anagrelide (6,7-dichloro-1,5-dihydroimidazo
[2,1-B] quinazolin-2 (1H)-one; molecular weight:
256) is a hydrochloric imidazoquinazoline
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Anagrelide (active)

6,7-dichloro-1,5-dihydroimidazo[2,1-f]quinazolin-2(1H)-one
Chemical formula: C, H.CI,N,O
Molecular weight: 256.09

3-hydroxy anagrelide (active)

5,6-dichloro-3,4-dihydroquinazolin-2-amine

Figure 1. Anagrelide and its metabolic pathway in healthy volunteers.

(Fieure 1), which was initially developed in 1979 (7). It is non-
hygroscopic, water insoluble and poorly soluble in organic solvents
(except dimethylsulfoxide and dimethyl fumarate).

Compounds containing an imidazoquinazolin nucleus not only
exhibit platelet aggregation inhibitory activity [201] but also positive
inotropic [8,202,203] and bronchodilatory effects [204].

Anagrelide is primarily metabolized in the liver and excreted
mainly through the kidneys. Its two major metabolites are
3-hydroxy anagrelide (6,7-dichloro-3-hydroxy-1,5-dihydro-
imidazo[2,1-B]quinazolin-2-one) and 2-amino-5,6-dichloro-3,4-
dihydroquinazoline (Ficure 1), which is made after dissociation of
the two carbonyl groups (C2 and C3) [9.301]. 3-hydroxy anagrelide
is equipotent with the parent drug in its iz vitro effects on mega-
karyocytopoiesis and platelet count reduction but is 40-times
more potent as a phosphodiesterase (PDE) III inhibitor and,
therefore, as an inotrope, chronotrope and vasodilator [9].

Pharmacology

Pharmacokinetics

An intravenous formulation of anagrelide was never developed,
presumably because of the chronic nature of essential thrombo-
cytosis. This has precluded direct measurement of its absolute
oral bioavailability. However, there are studies that have provided
valuable insights into anagrelide metabolism. Oral administra-
tion of a single dose of “C-anagrelide, equivalent to 1 mg of free
base, in five healthy, fasting men, resulted in approximately 70%
absorption from the GI tract and recovery in the urine, mainly
as metabolites [10].

Based on limited data, between doses of 0.5 and 2 mg,
anagrelide kinetics are linear 302]. In fasting healthy subjects,
1 mg of anagrelide was rapidly absorbed witha C__of 5 ng/ml at
approximately 1 h (t__ ), which decreased rapidly during the first
6-8 h,and then declined more slowly, with an estimated termi-
nal elimination half-life of approximately 3 days [10]. The plasma
half-life was short (1.3-1.5 h). Anagrelide does not accumulate in
plasma after repeated administration [303].

When the drug was taken with food, bioavailability (based on
the AUC from time zero to infinity [AUC_]) was reduced by 14%
on average, C_ decreased by 45%, t___was delayed to 2 h and
half-life increased to 1.8 h [11].

Anagrelide’s pharmacokinetics were different between healthy
volunteers and ET patients. Mean AUC_ was 11 ng.h/ml for
healthy volunteers as opposed to 19.5 ng.h/ml for ET patients.
Both C__ and t__ were higher in ET patients compared with
healthy volunteers (C_ : 6.2 ng/ml;t_:2hvsC_ :5 ng/ml;
t__: 1.3 h) (12}, however, the reasons for this are unknown.
Metabolism
Less than 1% of anagrelide is recovered in the urine, and severe
renal impairment (creatinine clearance <30 ml/min) had no sig-
nificant effects on anagrelide pharmacokinetics (303]. The mean
recovery of the 2-amino-5,6-dichloro-3,4-dihydroquinazoline
metabolite (Ficure 1) in urine was approximately 18-35% of the
administered dose [302].

Anagrelide undergoes significant first-pass hepatic metabolism
to form its active metabolite, 3-hydroxy anagrelide (Ficure 1) [301]. A
single 1-mg oral dose of anagrelide in ten subjects with moderate
hepatic impairment revealed a 2.2-fold increase in half-life (half-
life of 3.3 vs 1.5 h) and an eightfold increase in AUC_ (83.8 vs
10.8 ng/h/ml) (301]. Since anagrelide is primarily metabolized by
cytochrome P450 (CYP)1A2, its elimination can be slowed by
CYP1A2 inhibitors, such as grapefruit juice.

Pharmacodynamics
In vitro studies
Essential thrombosis is associated with an approximately three-
to fourfold increase in the megakaryocytic mass as a result of the
increase in both megakaryocyte (MK) volume and number. MK
diameter, cell ploidy and mean platelet turnover rate were also
increased [13]. Anagrelide reversibly disrupts MK maturation in a
dose-dependent fashion by influencing the post-mitotic phases of
MK development. Inhibitory effects in vitro were observed on MK
ploidy, size and cytoplasmic maturation [14,15]. / vitro, anagrelide
and its active metabolite 3-hydroxy anagrelide (Ficure 1), independent
of PDE III inhibition, specifically target the MK differentiation
program [9]. MK number may also be decreased by anagrelide [13] but
not to the degree, for example, caused by hydroxyurea in vitro [16].
Studies of the effects of anagrelide metabolites on MK behav-
ior have been inconclusive. A water-soluble anagrelide metabolite,
2-amino-5,6-dichloro-3,4-dihydroquinazoline (Ficure 1), which

38

Expert Rev. Anticancer Ther. 9(1), (2009)



Anagrelide: 20 years later

lacks an imidazo side-group, at concentrations ranging from 10 to
500 ng/ml, blocked in vitro MK migration by 20-40%. It also
selectively inhibited 77 vitro MK maturation, resulting in a 50%
decrease in the total number of CD41* MK [17] and compared with
anagrelide, the metabolite was 50-times more potent. However, in
another side-by-side comparison of the effects of anagrelide and its
2-amino-5,6-dichloro-3,4-dihydroquinazoline metabolite (Ficure 1),
on human cord blood-derived CD34* cells stimulated with
thrombopoietin (TPO), the metabolite at concentrations up to
430 ng/ml showed no evidence of activity on the expression of the
MK differentiation marker CD61, MK size or polyploidization. In
sharp contrast, anagrelide was active at doses as low as 2.5 ng/ml,
with half maximal inhibition (IDSO) observed at 25 ng/ml [13].

It has been suggested that anagrelide, in a dose-dependent
manner, reduced MK proliferation by specific inhibition of
thrombopoietin-mediated intracellular signaling since it failed
to inhibit IL-3 stimulated MK proliferation in the same cells [19].
Anagrelide’s effects also appear to be species-specific because the
drug failed to inhibit murine thrombopoiesis [19].

At in vitro doses of 1 pM, much higher than those required
for platelet count reduction (10 nM), anagrelide blocked platelet
aggregation by inhibition of platelet cAMP-PDE III [9].

In vivo studies

The lack of animal models for the thrombocytopenic effect of
anagrelide has limited 77 vivo pharmacodynamic studies [20]. In
ET patients, anagrelide reduced the platelet turnover rate but did
not affect platelet survival [13.21]. Proliferation of megakaryocytic-
committed progenitor cells (CFU-M) 77 vivo was not affected by
anagrelide, although high concentrations of anagrelide inhibited
CFU-M in vitro [21]. In a study of the effect of anagrelide on
in vivo MK proliferation and maturation in ET, it was found
that anagrelide exerted its selective thrombocytopenic effect by
decreasing both MK proliferation and size [13]. In another study
of in vivo megakaryocytopoiesis, anagrelide caused a reduction
in MK number and volume with modal ploidy of 16N, resulting
in a 50% reduction in MK mass [22].

A comparative immunohistochemical and morphometric
study of MK in 20 early-stage primary myelofibrosis patients
with thrombocytosis, taking either hydroxyurea or anagrelide,
demonstrated the frequent occurrence of promegakaryoblasts
and micromegakaryocytes in both treatment groups. These were
identified by CD61 expression in pre- and post-treatment bone
marrow biopsies. However, hydroxyurea, but not anagrelide, was
associated with significant dysplastic changes [23).

In a prospective study, 17 PMF patients received anagrelide
for a median of 2 years with bone marrow examinations at base-
line and after 6 and 12 months of treatment. Regardless of the
platelet count reduction by anagrelide, bone marrow MK number
increased in 12 patients who had bone marrow cellularity adequate
enough to estimate MK number after 6 months of therapy. MK
expression of TGF-B and PDGF, as assessed by histochemistry,
was not consistently affected. No patient had a grade change of
two or more in either bone marrow fibrosis or osteosclerosis. The
authors concluded that anagrelide interfered with MK maturation

rather than proliferation. No patient had a clinically appreciable
benefit on the basis of treatment with respect to anemia, trans-
fusion requirements or organomegaly, and the lack of a clinical
therapeutic effect was presumed to be due to anagrelide’s inability
to alter MK expression of TGF-3 or PDGF [24].

On the other hand, in a study in ET patients, anagrelide nor-
malized VEGF and platelet factor 4 [25], as well as markers of
platelet-related endothelial activation, prothrombin fragment 1
plus 2, plasmin/a2-antiplasmin complex, plasminogen activator
inhibitor-1 and tissue factor pathway inhibitor [26].

In another study, decreased platelet PDGF-A and PDGEF-B,
increased TGF-B1, and normal basic FGF (bFGF) mRNA levels
were reported before treatment. During treatment, mRNA levels
remained decreased for PDGF-A, were increased for PDGF-B and
normal for TGF-B1. In untreated patients, protein expression of
PDGF paralleled its mRNA levels, while different patterns of
RNA and protein were found for TGF-f1 and bFGF [27).

Owing to PDE Ill-inhibitory effect, anagrelide causes positive
inotropic effects and vasodilation by decreasing peripheral vascular
resistance [15] and increasing microvascular area [28]. This undoubt-
edly explains some of anagrelide’s side effects, such as headache,
fluid retention, dizziness, orthostatic hypotension, tachycardia,
arrhythmias and, occasionally, congestive heart failure.

Clinical efficacy

Platelet-lowering efficacy

Anagrelide was initially developed as a platelet-specific anti-aggre-
gating agent. However, its ability to reduce the platelet count at
doses lower than its anti-aggregating effect and its safety profile led
to US FDA approval in 1988 as an orphan drug for the treatment
of MPD patients with thrombocytosis.

Several small-to-moderate-size, nonrandomized, retrospective
and prospective observational studies [20,29-43] have documented
the platelet-reduction effect of anagrelide in ET, PV, PMF and
chronic myelogenous leukemia (CML). In most studies, one-
to two-thirds of the patients had received prior therapy with
hydroxyurea, busulfan, chlorambucil, IFN-a, pipobroman or
radiophosphorus (**P). Although some patients were symptom-
atic, a number of trials also included a large number of asymp-
tomatic patients. Anagrelide was generally started at 1-2 mg/day
at divided doses and maintenance doses were adjusted to achieve
the target platelet count. In general, response was defined as a
reduction in platelet count to less than 500-600 x 10°/1 or a
greater than 50% decrease in platelet count. The platelet-lowering
efficacy was 60-90% in ET, and the response was rapid with most
patients reaching the treatment goal within a few weeks.

In a large prospective, multi-institutional Phase II study
(Anagrelide Study Group), 577 MPD patients with thrombo-
cytosis (335 with ET, 68 with PV, 114 with CML and 60 with
undifferentiated MPD) were enrolled, and 424 were treated
with anagrelide (0.5-1.0 mg four-times a day) for more than
1 month [44]. In total, 88 of the 424 patients received hydroxyu-
rea and anagrelide concomitantly. Response rates (a reduction of
the platelet count from pretreatment levels by 50% or to below
600 x 10°/1) were reported to be 94 and 85% in evaluable patients
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with ET and PV, respectively. However, out of 335 ET patients,
only 262 (78%) were actually evaluable and, of these, 247 (73%)
responded to treatment. In the PV group, out of 68 patients, 47
(69%) were evaluable and 40 (59%) responded to treatment. The
median time to response after starting anagrelide was 11 days in
ET patients and 15 days in PV patients.

The Anagrelide Study Group continued accrual and subsequently
reported on 942 MPD patients (546 with ET and 113 with PV)
who had been treated with anagrelide for a minimum of 4 years [45].
Taeee 1 shows their response to anagrelide. A better platelet reduction
response to anagrelide in ET than PV was a common finding in
this and many other trials of this drug [20,37.40.41].

A retrospective analysis of an open-label, multicenter, inter-
national trial of 3660 anagrelide-treated patients was performed
to assess efficacy and long-term safety and specifically the leuke-
mogenic potential 46]. Of the patients enrolled, 81% had previ-
ously received other myelosuppressive agents. With maximum
follow-up over 7 years, anagrelide achieved platelet control in
over 75% of patients and did not increase the conversion to acute
leukemia during the treatment interval.

Essential thrombocytosis is very rare in the pediatric age range
but in a small study of three children, anagrelide achieved ade-
quate control of thrombocytosis with acceptable toxicity during
long-term use [47].

Reduction of symptoms

The most common symptoms in ET are of microvascular origin
and include headache, visual disturbances, light-headedness,
acral dysesthesia and erythromelalgia. There are a few non-
randomized studies demonstrating effective symptom reduction
in ET by anagrelide [26,35]. In one study, a successful platelet
count reduction was associated with normalization of plate-
let coagulant and endothelial function and disappearance of
erythromelalgia [26]. In a prospective study of 17 ET patients,
microvascular thrombotic and hemorrhagic symptoms also dis-
appeared with the normalization of platelet count in all cases,
and persisted with a long-term continuous anagrelide treatment
with a follow-up period of between 2 and 6 years. However,
ET-related symptoms reappeared in three patients, coinciding
with an increased platelet count up to 600 x 10°/1 associated
with anagrelide dose reduction [35].

Table 1. Response to anagrelide by diagnosis.

Reduction of thrombohemorrhagic complications

In a multicenter, open-label, prospective study, 97 thrombocytosis
patients (69 females, 28 males; median age: 59 years), 79 with ET,
16 with PV and two with PMF received anagrelide at a starting
dose of 0.5 mg twice daily followed by individual dose adjust-
ments [40]. After 6 months of treatment, the overall rate of major
thrombotic complications (i.e., stroke, myocardial infarction,
peripheral arterial disease, ileofemoral venous thrombosis, pulmo-
nary infarction, thrombosis of the portal vein and Budd—Chiari
syndrome) decreased from 5 to 2% (p = 0.26). However, for ET
patients, the reduction of major thromboembolic complications
was significant (p = 0.046). The rate of minor thromboembolic
complications (e.g., transitory ischemic attacks [TIAs], angina
pectoris, erythromelalgia or other microcirculatory disturbances
and superficial thrombophlebitis) decreased from 25 to 14%
(p = 0.03). Despite platelet count control, minor bleeding events
were observed in 13% of patients who took anagrelide in combi-
nation with low-dose aspirin, compared with 2% of patients who
took anagrelide alone.

PT1 study

To date, there is only one randomized, controlled, prospective
clinical trial involving anagrelide, the PT1 trial 48]. PT1 was an
open-label study in high risk ET patients that compared hydroxyu-
rea (initial dose of 0.5-1.0 g/day; n = 404) with anagrelide (initial
dose of 0.5 mg twice daily; n = 405) for a median of 39 months.
Patients were considered high risk if they met one or more of the
following criteria: aged over 60 years; platelet counts greater than
1000 x 10°/1; a history of ischemia, thrombosis, embolism or
hemorrhage; or hypertension or diabetes requiring therapy.

The dose of both drugs was adjusted to maintain the plate-
let count at less than 400 x 10°/1. Treatment was considered to
have failed in patients whose platelet count was not less than
600 x 10°/1 after having received the assigned therapy for at
least 3 months; these patients were removed from the study.
All patients received aspirin at a daily dose of 75-100 mg daily
(n=792) or, if aspirin was contraindicated, dipyridamole (n = 13)
or clopidogrel (n = 4).

Although the diagnosis of ET was made using Polycythemia
Vera Study Group ET criteria [49], red-cell-mass studies were not
performed in all patients. This is not a trivial issue since a recent
study demonstrated that, when a red-cell-
mass study was performed, 44% of ET
patients actually had PV and when the
ET patients were JAK2 V617F-positive,
64% had PV [s0]. Newly diagnosed and

previously treated patients were eligible

ET 546 398 (73) 47 (9) X -

- _— 76 (66) 5(8) for the trial. Approximately 30% had pre-
viously been treated with hydroxyurea and

CML 179 112 (63) 18 (10) 18% had received no prior treatment. In

Others 108 79 (73) 11 (10) the anagrelide group 23 (6%) patients

“Reduction in platelet count to less than 600 x 10%I, or to 50%, or less of pretreatment level for at least

4 weeks.

¥20-50% reduction in platelet count from pretreatment level for at least 4 weeks.
CML: Chronic myelogenous leukemia; ET: Essential thrombocytosis; PV: Polycythemia vera.

Data from [45].

had received busulfan compared with 13
(3%) in hydroxyurea group. The median
disease duration was also longer in the
anagrelide group.
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The composite primary end point was death from thrombosis
or hemorrhage; or occurrence of arterial or venous thrombosis or
serious hemorrhage. Secondary end points were the time to the first
arterial or venous thrombosis, or to the first serious hemorrhage,
the time to death, the incidence of transformation to myelofibrosis,
acute myeloid leukemia (AML), myelodysplasia or PV and control
of the platelet count.

Anagrelide and hydroxyurea, administered concomitantly with
aspirin (or other antiplatelet-aggregating agents) to high-risk
patients, reduced the platelet count similarly by 9 months after
trial entry and afterwards. However, at 3 and 6 months, platelet
counts were significantly higher in the anagrelide group. Since
there was no significant heterogeneity between the odds ratio for
events in the first 9 months, the authors concluded that differ-
ences in the platelet count between the two arms during the first
9 months were unlikely to be of clinical significance.

The median leukocyte count was also significantly and persis-
tently lower in the hydroxyurea group starting at 3 months after
trial entry [48]. An increased leukocyte count in ET at diagnosis
has recently been associated with an increased risk for thrombosis
during follow-up [51.52].

In the PT1 study, the primary end point (i.e., death, arterial or
venous thrombosis or serious hemorrhage) occurred more often in
the anagrelide group than in the hydroxyurea group (55 vs 36; odds
ratio 1.57; 95% confidence interval [CI]: 1.04-2.37; p = 0.03) [48].
The estimated risk of the primary end point at 5 years was 16%
in the anagrelide group and 11% in the hydroxyurea group but
with overlapping Cls (95% CI: 12-21 vs 7-14).

Overall, arterial thrombosis occurred significantly more often in
the anagrelide group than the hydroxyurea group (37 [9%] vs 17
[4%]). However, among the individual end points of the various
types of arterial thrombosis, including unstable angina, myocardial
infarction, stroke or arterial embolus of the lower or upper limbs,
there was no significant difference between the two groups. Only
TTAs occurred significantly more frequently in the anagrelide plus
aspirin group than in the hydroxyurea plus aspirin group (14 [3.5%)]
vs 1 [0.25%]; p < 0.001) [48]. This can be explained by the nitric
oxide donor effects of hydroxyurea [53-56]. It has also been speculated
by others that the higher TIA incidence in the anagrelide group was
caused by microbleeds and not by thrombotic events [57].

Venous thromboembolism, in general, occurred significantly
less often in the anagrelide group compared with the hydroxyurea
group (3 [1%] vs 14 [4%]; p = 0.006). Among the individual end
points making up the total venous thromboses, there was no sig-
nificant difference between the two groups in pulmonary embo-
lism and hepatic vein thrombosis. Deep vein thrombosis hap-
pened significantly less often in the anagrelide group (1 [0.25%)]
vs 9 [2.2%]; p = 0.009) [48]. The overall logical evidence-based
message from the aforementioned data for clinical practice would
be to use anagrelide in ET patients with history of deep vein
thrombosis, or aspirin with hydroxyurea in the high-risk ET
patients with a previous TIA. However, given the relatively low
event rates and uncertainty with respect to disease diagnosis since
venous thrombosis is not a prominent feature of ET, absolute
therapeutic recommendations are difficult to make.

Serious hemorrhage (particularly GI tract bleeding (13 [3.2%)] vs
3 [0.7%]) occurred significantly more often in the anagrelide plus
aspirin group. The rate of death due to the thrombohemorrhagic or
malignant hematological events was similar between the two groups.
In addition, it was reported that anagrelide accelerated myelofibrosis
as a composite clinical diagnosis in comparison to hydroxyurea,
which formed the basis for early study closure. However, the pub-
lished supplemental data showed an imbalance in disease duration
between the two groups that favored the hydroxyurea arm.

In a subsequent publication, the authors of the PT1 study
determined the presence of the JAK2 V617F mutation in 806 ET
patients, including 776 from the PT1 study. Mutation-positive
patients had multiple features resembling PV, including a signifi-
cantly increased hemoglobin level, neutrophil count, bone mar-
row erythropoiesis and granulopoiesis, and more venous throm-
boses. JAK2 V617F-positive individuals were also more sensitive
to hydroxyurea therapy compared with anagrelide than those
without the JAK2 mutation [53].

Safety & tolerability

The most common adverse reactions of anagrelide based on the
extended Anagrelide Study Group (942 patient cohort) [45], which
was used by the manufacturer in the prescribing information, were
headache (37% in all patients and 45% in ET), palpitation (26%),
diarrhea (25%), fluid retention (22%), asthenia (22%), nausea
(17%), abdominal pain (16%) and dizziness (15%). Headache
was generalized and usually controlled by acetaminophen. It has
been speculated that most anagrelide side effects are due to its
positive inotropic and vasodilatory effects.

In the PT1 study, headache (51 [12.5%] vs 8 [2%] in the anagre-
lide and hydroxyurea groups, respectively), palpitation (63 [16%]
vs 7 [2%]), diarrhea (18 [4.5%] vs 6 [1.5%]), edema (25 [6%] vs 5
[1%]), asthenia (41 [10%)] vs 12 [3%]) and abdominal pain (9 [2%]
vs 1 [0.25%]) were significantly more common with anagrelide than
hydroxyurea. Ulcers, leg (9 [2%] vs 20 [5%]) or mouth (1 [0.25%]
vs 8 [2%]), not surprisingly, were significantly more common with
hydroxyurea [48].

Dropout rates

There are conflicting reports on whether anagrelide’s side effects
abate with time. In a retrospective study of younger patients (aged
<50 years) with a median of a 10-year follow-up, the incidence
of the common side effects subsided in the long term [37]. By
contrast, in a prospective study, half of the study population
dropped out within 2 years for a variety of reasons including
adverse events.

The reported dropout rates also varied among different trials,
which may reflect study size. A large retrospective study reported a
dropout of 47% [4¢]. In the initial Anagrelide Study Group, 34%
of the patients discontinued the treatment, whereas in a small
prospective study, only five out of 48 patients (10%) stopped the
treatment due to the intolerable side effects [32].

The number of patients who withdrew from the PT1 study was
significantly higher in the anagrelide group than the hydroxyurea
group (148 [37%] vs 79 [20%]). The main reasons for withdrawal
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were side effects (88 [22%] for anagrelide vs 43 [11%] for
hydroxyurea), followed by serious adverse or end point events
(22 [5.5%)] vs 4 [1%)], respectively) (48].

Serious side effects

Significant adverse events that have been associated with anagrelide
include cardiac failure, serious arrhythmias, pericardial and
pleural effusions and pulmonary infiltrates, fibrosis and hyper
tension [302]. There are also case reports of anagrelide-associated
hypersensitivity pneumonitis [59] and renal tubular injury [60].
Recently, a successful rechallenge with anagrelide in a patient with
anagrelide-associated cardiomyopathy was reported [61].

In a multicenter, open-label, Phase II study of anagrelide treat-
ment in 60 chronic MPD patients during 2 years follow-up by the
Swedish Myeloproliferative Disorder Study Group, significantly
higher bone marrow reticulin and hyaluronan scores were found
in the chronic MPD patients than in the normal controls and
AML patients at the study entry. The study had a 50% dropout
rate. In 19 out of 30 available patients, at the end of the study, pre-
treatment bone marrow biopsies were compared with follow-up
samples. After 2 years of anagrelide therapy, the reticulin and
hyaluronan scores were significantly higher than before treatment,
suggesting progression of fibrosis [62].

In the PT1 study, myelofibrosis was reported to be significantly
higher in the anagrelide group than the hydroxyurea group (16
[4%] vs 5 [1.2%]). The myelofibrotic transformation of ET was
defined as at least grade 3 reticulin fibrosis in a bone marrow
biopsy (plus an increase by at least one grade from presentation
or trial entry biopsy) in addition to at least two of: increase in
spleen size by at least 3 cm; unexplained decrease in hemoglobin
by at least 2 g/dl; immature myeloid or erythroid cells or tear-
drop poikilocytes in the blood smear; or B symptoms (i.e., night
sweats, bone pain or weight loss of more than 10% in 6 months).
However, it is essential to note that, in this study, a bone marrow
biopsy was not performed in all patients at entry and follow-up
biopsies were only performed based on clinical suspicion. Thus,
pretreatment bone marrow biopsy results were only available in
12 of the 21 reported cases of defined myelofibrosis. The interpre-
tation becomes even more difficult because those 12 patients were
unevenly distributed in the study groups, ten and two patients in
the anagrelide and hydroxyurea groups, respectively.

To date, there is no evidence showing that anagrelide is
leukemogenic. By using the WHO criteria (63], there was no sig-
nificant transformation to AML or myelodysplasia in the PT1
study, although the study duration was too short to reach any
definitive conclusions.

Thrombopoiesis

Thrombopoiesis is the orderly continuous process by which
10" platelets per day are produced and released into the circu-
lation [64]. In contrast to erythropoiesis and granulopoiesis, in
which each red cell or white cell derives from a single differenti-
ated progenitor, a single MK gives rise to 10003000 platelets [65].
The series of events that occur as a MK transitions from a mega-
karyoblast to a mature cell capable of releasing platelets from its

cytoplasm is highly regulated and unique among hematopoietic
progenitor cells [66]. In contrast to other hematopoietic progenitor
cells, which undergo mitotic division, MK progenitors undergo
nuclear endomitosis, a process that mediates cellular enlargement
and amplifies their DNA content by as much as 64-fold (67]. The
result is a cell with a polyploid, multilobated nucleus with a DNA
content ranging from 4 to 128 N within each MK (6.

Megakaryocyte maturation is associated with remarkable cyto-
plasmic expansion and establishment of a centrosomal micro-
tubular array. The formation of this expansive and interconnected
membranous network of cisternae and tubules, known as the
demarcation membrane system, is thought to function primarily
as the reservoir for proplatelets, the immediate precursors of the
platelets (66]. Sliding of overlapping microtubules drives proplate-
let elongation [69]. Organelles follow the trail into the proplatelet
ends where they are trapped [70]. Eventually, the entire MK cyto-
plasm is converted into a mass of proplatelets, which are released
from the cell, and individual platelets are released from proplatelet
ends into the circulation.

Thrombopoietin, the primary regulator of platelet production,
is an acidic glycoprotein produced primarily in the liver and is
currently the only known cytokine required for the maintenance
of a constant MK mass [71]. In contrast to erythropoietin, whose
production is both constitutive and inducible according to tis-
sue oxygen demands, TPO production is constitutive but not
normally inducible, and its plasma concentration varies accord-
ing to its rate of consumption by platelets and MKs [72]. Thus,
a reduction in marrow MKs and circulating platelets results in
an increase in circulating TPO, while an increase in the marrow
MK mass or platelet count reduces the plasma TPO level. The
inflammatory cytokine IL-6 can independently induce hepatic
TPO production, resulting in the thrombocytosis associated with
inflammation, infection and malignancy [73,74].

Thrombocytosis

Elevated platelet counts can be grouped according to their etiol-
ogy into two categories: reactive and clonal. Reactive causes are
responsible for approximately 85-95% of thrombocytosis encoun-
tered clinically [75-77]. Taee 2 demonstrates the etiology of throm-
bocytosis in 732 patients (in-patients and out-patients) with a
platelet count greater than 500 x 10%/1 (range: 500-1346 x 10° 1)
seen over a 4-year period [77]. Transient reactive thrombocyto-
sis, in another report, occurred with acute hemorrhage, trauma,
major surgical procedures and severe physical exertion, with
major surgery responsible for approximately 85% of cases [73].
In approximately a third of the cases, surgery was performed
because of a malignant tumor, but thrombocytosis was first seen
postoperatively. Infection, malignancy and chronic inflammatory
disorders accounted for the majority of more prolonged reactive
thrombocytosis. Iron deficiency anemia was responsible for less
than 0.5% of the cases.

Clonal hematopoietic stem cell disorders are responsible for the
remaining 5-15% of cases. These include PV, PMF, ET, CML
and the myelodysplastic syndrome. In one study, ET was the most
common cause of clonal thrombocytosis [77].
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In reactive thrombocytosis, an elevated platelet count, per se,
does not carry clinically important consequences [79], nor has
the degree of thrombocytosis been significantly correlated with
thrombosis risk in either PV or ET [80-84]. On the other hand, a
significant association between MPD and a high rate of arterial,
venous and microcirculatory thromboembolic complications is
well documented [77.85]. At initial presentation, the reported inci-
dence of thrombosis and bleeding in ET varied from 11-25% to
3.5-37%, respectively. The corresponding figures for PV were
12-39% and 1.5-20%. Despite the relatively wide range of values,
the frequency of thrombosis has been consistently greater than
that of bleeding in both ET and PV [86]. In a retrospective study,
the overall risk of thrombosis and bleeding in ET was 6.6 and
0.33% per patient-year, respectively. In an historical control group,
no severe bleeding episodes were recorded and the incidence of
thrombotic events was 1.2% per patient-year [87].

Extreme thrombocytosis
A platelet count greater than a million per microliter is not specific
for clonal thrombocytosis. Although the mean platelet count is sig-
nificantly higher in clonal thrombocytosis than reactive thrombo-
cytosis [7779.88], in a retrospective investigation of 535 cases with
extreme thrombocytosis — defined as a platelet count greater than
or equal to 1000 x 10%/1 — reactive thrombocytosis was the under-
lying etiology in two-thirds of the cases [89]. Of the remaining third
with clonal thrombocytosis, 93.8% had a MPD other than ET.
In this study, approximately 8% of patients with reactive throm-
bocytosis experienced bleeding and vasoocclusive complications,
compared with 17% of the clonal thrombocytosis patients [89].
In another study of 280 patients with extreme thrombocytosis,
231 (82%) had reactive thrombocytosis, 38 (14%) had a MPD
and 11 (4%) were of uncertain etiology [90]. Symptoms of bleeding
and/or vasoocclusive phenomena were noted in 21 (56%) of the
MPD patients in this study but in only ten (4%) of the reactive
thrombocytosis patients. The authors concluded that extreme
thrombocytosis was not a rare event in an acute-care hospital
population, and usually represented a reactive phenomenon.

Essential thrombocytosis
Essential thrombocytosis occurs in approximately 0.5-2.5 per
100,000 population per year [91]. According to some currently
proposed definitions, diagnosis of ET can be established with a
threshold platelet count of 600 x 10°/1 on two occasions, sepa-
rated by at least 1 month with no evidence of reactive thrombo-
cytosis and after elimination of PV and PMF [49.92]. However, a
defined lower limit for thrombocytosis has not been established
and the diagnosis becomes more likely the higher the platelet
count. Persistence of thrombocytosis for more than 8 months
also improves diagnostic accuracy. In an epidemiologic study of
99 patients with platelet counts greater than 400 x 10°/1, only
eight still had thrombocytosis 8 months later [93].
Unfortunately, ET is the only MPD without a specific pheno-
type. Since isolated thrombocytosis can be the initial clinical mani-
festation of PV, PMF or CML, ET is not only a diagnosis of exclu-
sion, it should also not be considered a single disease entity [94]. The

Table 2. Etiology of thrombocythemia in

732 patients.

89 (12.3)
40 (5.5)
24 (3.3)
18 (2.5)
4(0.6)
3(0.4)
643 (87.7)
269 (36.7)

Primary thrombocytosis

Essential thrombocythemia

Chronic myelogenous leukemia
Polycythemia vera

Myelofibrosis

Unclassified myeloproliferative disease

Secondary thrombocytosis

Tissue damage

Major abdominal surgery
Cardiovascular surgery
Orthopedic surgery

Thoracic surgery

Acute pancreatitis

Extensive myocardial infarction
Burns

Miscellaneous operations

Infection

® Pneumonia

e Gastrointestinal infections
Hepatobilliary infections
Soft-tissue infections
Osteoarthritis and osteomyelitis
Septicemia

Urinary tract infections
Tuberculosis

Nervous system infections
Miscellaneous infections

154 (21.0)

Malignancy 85 (11.6)
Gastrointestinal carcinomas

Lymphoma

Lung cancers

Carcinoma of liver, gallbladder

and pancrease

e Qvarian or breast cancer

e Soft-tissue or bone sarcomas

Chronic inflammatory disorders 65 (8.9)
e Crohn’s disease

e Ulcerative colitis

e Rheumatoid arthritis

e Chronic pancreatitis

Multiple causes 14 (1.9)

e Post-surgical infection
e Post-chemotherapy rebound
e Thrombocytosis and acute infection

13 (1.8)
12 (1.6)
5(0.7)
2(0.3)
1(0.1)
23 (3.1)

Renal disorders

Post-splenectomy

Upper gastrointestinal tract bleeding
Iron deficiency anemia

Autoimmune hemolytic anemia

Uncertain etiology
Adapted from [77].
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degree of female predominance in ET is also unique among the
MPD:s as is its natural history, which is compatible with a normal
lifespan [95.96]. Evaluation for JAK2 V617F provides an opportunity
to identify approximately 50% of patients with isolated thrombo-
cytosis as possibly having ET and, importantly, also further dis-
tinguishes them as possibly having PV [50,58,97]. Unfortunately,
the bone marrow histological criteria for distinguishing true ET
from prefibrotic myelofibrosis with thrombocytosis recommended
by the WHO have not been reproducible and there are currently
no means of identifying prefibrotic primary myelofibrosis (93].
Finally, context is also important. While ET patients can have
leukocytosis and splenomegaly, if these are not extremely modest
and if extramedullary hematopoiesis is present in the form of a
leukoerythroblastic reaction, another MPD should be considered
because these findings suggest a clonal burden larger than usually
encountered in ET.

Considering all of the above, we offer the following ET diag-
nostic guideline (Box 1) from the perspective that the proposed new
WHO diagnostic criteria are unsatisfactory [99].

The majority of ET patients are asymptomatic or suffer from
non-life-threatening microvascular complications, such as ocular
migraine, visual disturbances, light-headedness, atypical chest pain,
acral dysesthesia or erythromelalgia [3.88]. Life expectancy does not
seem to be affected in patients with ET [96]. Hence, the important
questions are which ET patients require platelet reduction therapy
and with what medication?

Management of thrombocytosis
Nowhere in clinical medicine is the dictum ‘first do no harm’
more applicable than in the management of thrombocytosis.
Thrombocytosis is a laboratory abnormality not a disease and is
either a benign, reversible and reactive condition or due to a clonal
disorder and with respect to these, ET is compatible with a normal
life span. Therefore, doing no harm demands accuracy in diagnosis
and the administration of therapy that is safe as well as effective.
Safety is not a trivial issue because of the chronicity of most clonal
disorders associated with thrombocytosis and, accordingly, the
treatment cannot be worse than the disease.

Since ET has no phenotype and isolated thrombocytosis can be
the presenting manifestation of any of the MPDs, diagnostic accu-
racy can be a formidable challenge. The JAK2 V617F mutation

has been a valuable advance in this regard, since over 92% of PV
patients and approximately 50% of ET and PMF patients express
the mutation. Therefore, the presence of JAK2 V617F establishes
that the thrombocytosis is due to an MPD, with the exception
of the small group of patients with sideroblastic anemia associ-
ated with thrombocytosis [100]. At the same time, expression of
the mutation does not identify which MPD is present [101,102].
of importance, recently, approximately 65% of a series of JAK2
V617E-positive ET patients were found to have an elevated red
cell mass when this was measured directly. Equally important is
the fact that if the new WHO ET diagnostic guidelines had been
used, all of these patients would have been misclassified as having
ET [s0], because there is no correlation between the hematocrit
and the red cell mass. None of this should be surprising when
one considers that /AK2 is the cognate kinase for the erythropoi-
etin and thrombopoietin receptors and, thus, PV is actually the
ultimate expression of the JAK2 V617F mutation, while erythro-
cytosis is an abnormality unique to PV amongst the MPD. As a
corollary, a red cell mass determination is more important than a
bone marrow examination in determining the etiology of isolated
thrombocytosis [50,103]. The ultimate importance of this diag-
nostic exercise is to define those patients at risk for thrombosis
due to an elevated red cell mass, since there is a direct correlation
between the red cell mass and blood viscosity and the treatment
for erythrocytosis is phlebotomy not chemotherapy. Indeed, it
is well established that cytotoxic chemotherapy is ineffective in
preventing macrovascular arterial or venous thrombosis in MPD
patients [96,104,105].

It is generally agreed that ET patients above 60 years of age,
those with a history of thrombotic or hemorrhagic events, patients
with cardiovascular disease risk factors (e.g., obesity, smoking,
diabetes and dyslipidemia) and those with a platelet count greater
than 1500 x 10°/1 are considered at high risk for a thrombotic
event and eligible for cytoreductive treatment [106].

Major thrombotic events (i.e., stroke, myocardial infarction,
digital arterial occlusion, deep vein thrombosis and pulmonary
embolism) have been estimated to occur at a rate of 10.7%
per patient-year in high-risk ET patients [107]. Major bleeding
(resulting in a substantial drop in hemoglobin or occurring in a
critical organ) occurred in less than 10% of patients at or after
diagnosis [84].

Box 1. Diagnostic criteria for essential thrombocytosis.

Absence of iron deficiency (normal serum ferritin for gender)

of JAK2 V617F does not exclude an myeloproliferative disorder

absence of splenomegaly

Persistent thrombocytosis greater than 400,000/ul in the absence of a reactive cause

JAK2 V617F assay (peripheral blood): expression establishes the presence of an myeloproliferative disorder but not its type; the absence
Hemoglobin less than 16 g/dl in a man or less than 14 g/dl in woman (hematocrit < 47% in a man or < 44% in a woman) in the

Otherwise, red cell mass and plasma volume determinations are mandatory if a JAK2 V617F assay is positive
Negative Bcr-Abl FISH (peripheral blood) if a JAK2 V617F assay is negative
If there is anemia or macrocytosis or leukopenia, or evidence of extramedullary hematopoiesis (i.e., circulating nucleated erythrocytes,

immature myelocytes or splenomegaly), a bone marrow examination (including flow cytometry and cytogenetics) is mandatory

regardless of JAK2 V617F expression status
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The incidence of major thrombotic or hemorrhagic complica-
tions in patients below 60 years of age, with no history of throm-
bohemorrhagic events and a platelet count less than 1500 x 10%/1
was addressed by a prospective, controlled study [108]. Interestingly
after a median follow-up of 4 years, 7.7% (1.9% per patient-year)
of patients with ET had thrombotic episodes versus 6.2% (1.5%
per patient-year) of age- and sex-matched controls. The difference
was not statistically significant (p = 0.36). Recently, however, data
have been presented demonstrating leukocyte count, even within
the normal range, may be a risk factor for thrombosis in low-risk
ET patients [51], but prospective studies to establish this have not
yet been performed. The rare ET patients who are homozygous
for JAK2 V617F may also be at higher risk for thrombotic events
than their heterozygous or nonmutated counterparts [109] but,
overall, the presence of the JAK2 V617F mutation and ET does
not indicate an increased tendency for thrombosis [110].

In a retrospective multicenter study, the rate of recurrent throm-
bosis in a cohort of 494 patients with PV (n = 235) and ET (n = 259)
was estimated. The patients had history of previous arterial (67.6%)
or venous thrombosis (31%) or both (1.4%). Thrombosis recurred
in 166 patients (33.6%), with an incidence of 7.6% per patient-
years. Gender, diagnosis (PV versus ET) and the presence of car-
diovascular risk factors did not predict recurrence, whereas an age
of over 60 years did (multivariable hazard ratio [HR]: 1.67; 95%
CI: 1.19-2.32). In this retrospective study, cytoreduction therapy
decreased the overall risk of thrombosis by half (HR: 0.53; 95% CI:
0.38-0.73), and combination therapy with antiplatelet agents or
oral anticoagulants was more effective than administration of a
single drug. The overall incidence of major bleeding was 0.9%
patient-years, which increased to 2.8% in patients receiving both
antiplatelet and anticoagulant agents [111].

It is not clear which ET patients are at higher risk for trans-
formation to myelofibrosis or acute leukemia [112]. Cytoreductive
therapy in ET has not been shown to influence overall survival [113)
or the clinical course in young asymptomatic patient without
extreme thrombocytosis [114].

The management of ET with the purpose of decreasing the risk
of thrombohemorrhagic complications and alleviating vasomotor
symptoms, has included a different variety of chemotherapeutic
agents: alkylating agents (e.g., busulfan), hydroxyurea, IFN-o and
anagrelide alone or in combination with platelet anti-aggregants
have been tried for treating ET patients [115]. However, not only is
busulfan a known mutagen but there is also accumulating evidence
that hydroxyurea, which is a known tumor promoter for skin cancers
(116,117], is also a mutagen [118-120], especially in patients who have
been exposed to busulfan [121], and this needs to be factored into
the management of ET patients projected to have a normal life span
but who require control of platelet production [122,123]. In a prospec-
tive, randomized controlled clinical trial comparing hydroxyurea
to pipobroman in PV patients, the incidence of acute leukemia was
approximately 10% in both arms of the trial after 10 years [122].

Thus, in MPD patients with thrombocytosis and microvascular
symptoms, except for TIA (for which no other cause can be
found) we recommend the use of aspirin. In those patients with
acquired von Willebrand’s disease due to extreme thrombocytosis

in whom aspirin cannot be administered, anagrelide is the initial
drug of choice to lower the platelet count. Patients experiencing
TIA should be treated with hydroxyurea and aspirin. In patients
not responsive to aspirin or anagrelide or who cannot tolerate
anagrelide, consideration should be given to IFN-a..

IFN-a antagonizes the action of PDGF, TGF-f and, possibly,
other cytokines that are involved in the development of myelofi-
brosis. It also suppresses the proliferation of hematopoietic progeni-
tors and has a direct inhibitory effect on bone marrow fibroblast
progenitor cells. IFN-a., with an average dose of 3 million IU daily,
reduced the platelet count to less than 600 x 10°/1 in approximately
90% of patients after 3 months [124]. INF-a has not been reported
to be teratogenic and does not cross the placenta. Hence, it has been
used successfully in some ET patients during pregnancy [125].

Thus far, no leukemogenic effect has been reported for inter-
feron [124]. A decrease of JAK2 V617F expression in 89% of
patients and an undetectable level in one patient, after 12 months
of therapy, was reported in a multicenter Phase II trial of pegylated
INF-a in 27 PV patients [126]. A high incidence of side effects
is the main problem with INF-a therapy. Fever and influenza-
like symptoms occur almost universally and weakness, myalgia,
weight loss, alopecia, depression, neurologic, gastrointestinal and
cardiovascular symptoms result in discontinuation of the drug in
approximately a third to over a half of patients [124.127]. INF-a
should be considered for pregnant women and in patients younger
than 60 years of age who cannot tolerate first-line therapies.

The goal of platelet count reduction is not normalization since
no drug currently available can eradicate the abnormal clone but,
rather, reduction to a level at which symptoms are no longer pres-
ent. If hydroxyurea must be used, an attempt should be made not
to use it chronically or to use it in combination with anagrelide or
interferon. Given the potential for gastrointestinal hemorrhage, the
combination of aspirin and anagrelide should be avoided. Bleeding
due to thrombocytosis and acquired von Willebrand’s disease can
be treated effectively with g-amino caproic acid [128,129].

Conclusion

Thrombocytosis is a common feature of the chronic MPDs that
may be asymptomatic or associated with transient microvascular
vasoocclusive symptoms or large vessel arterial or venous occlu-
sion and, paradoxically, if the platelet exceeds 1 million, a hemor-
rhagic diathesis due to the absorption of high-molecular-weight von
Willebrand multimers by the large platelet mass. Failure of either
the hematocrit or the platelet count to correlate with thrombotic
events is a peculiar conundrum of the chronic MPDs. Failure of the
hematocrit to correlate with thrombotic events is easily explained by
the fact that the peripheral blood hematocrit is not representative of
the hematocrit in the smaller vessels. Failure of the platelet count to
correlate with thrombotic events in ET relates to patients actually
have unrecognized PV with its attendant elevated red cell mass,
particularly when they express JAK2 V617F [s0]. Cardiovascular
risk factors, age and comorbidities also contribute, as do other
causes, to a hypercoagulable state, to which MPD patients are not
immune. It is also certainly the case that once a thrombosis has
occurred, patients are at higher risk for another.
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It is undisputed that lowering the platelet count reduces the
incidence of microvascular events as well as the acquired von
Willebrand syndrome associated with extreme thrombocytosis.
At the same time, to date, no study has demonstrated that plate-
let count reduction prolongs survival in ET and drugs, such as
busulfan and hydroxyurea, have mutagenic potential. Therefore,
the best treatment strategy relies on the correct diagnosis and the
use of the safest form of therapy when treatment is needed.

Expert commentary

Mpyeloproliferative disorders are uncommon and chronic disor-
ders that many physicians, including hematologists, are rarely
able to follow during the full scope of the disorder. Although
thrombocytosis is a common feature among the MPDs, clonal
disorders are responsible for only 10% of thrombocytosis cases.
ET patients have a normal life span. Therefore, when treatment
is indicated, choosing the most nontoxic and effective agent
among the platelet reducing drugs is logical. We suggest the
following approach to thrombocytosis.

First, reactive causes (Tasie 2) must be ruled out. Second, to
distinguish PV from ET, a red cell mass and plasma volume
determination may be necessary, particularly if JAK2 V617F
is present. Rarely, fluorescent 7z situ hybridization or reverse
trascription-PCR for BCR-ABL may be needed to distinguish ET
from CML. Bone marrow examination (including flow cytom-
etry and cytogenetics) is indicated only if there is anemia, mac-
rocytosis, leukopenia or evidence of extramedullary hematopoi-
esis in association with thrombocytosis. Third, asymptomatic
thrombocytosis in young ET patients with no cardiovascular
risk factors does not require treatment. Fourth, when treatment
is required, it makes sense to use drugs that are not myelotoxic.
Based on the PT1 study, hydroxyurea is the treatment of choice
for TTAs that fail to respond to aspirin. Hydroxyurea does not

prevent venous thrombosis or arterial thrombosis and its long-
term safety has not been established. Fifth, although no leu-
kemogenesis or teratogenesis has been shown for IFN-a., the
common and significant side-effect profile makes it less desirable
as a first-line agent for most patients. IFN-a should, however, be
considered for use during pregnancy. Finally, since no curative
therapy for ET exists currently, clinicians should choose the least
myelotoxic drug to effectively reduce the platelet count. In this
regard, anagrelide can be considered a first-line agent.

Five-year view

Recruitment for a single-blind, multicenter, randomized
multinational Phase III study to compare the Efficacy and
Tolerability of Anagrelide vs Hydroxyurea in Patients with
Essential Thrombocythaemia (ANAHYDRET) has been closed
as the goal of 258 patients was reached at the end of 2005. The
final analysis is pending.

The effect of the JAK2 V617F mutation on thrombotic risk in
ET patients is an ongoing area of research. A recently published
meta-analysis [130] showed an association but not a direct causality
between JAK2 V617F expression and thrombosis in ET. Whether
this association is independent of other confounding factors is
unknown, since PV was not excluded in the JAK2 V617F-positive
patients. In this regard, clinical trials employing JAK2 inhibitors
are also being conducted currently in ET patients.
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Key issues

¢ Anagrelide is indicated for the reduction of elevated platelet counts in nonpregnant essential thrombocytosis patients with one or more

of the following:
— Age less than 60 years

— A high platelet count associated with bleeding and reduced ristocetin cofactor activity
— A high platelet count associated with microvascular symptoms and reduced ristocetin cofactor activity
— A history of thrombohemorrhagic events (except for transitory ischemic attack patients who fail to respond to aspirin)

— A history of intolerance to the current therapy
— Failure of the current therapy to reduce platelet count

* The recommended starting dosage of anagrelide is 0.5 mg every 6-12 h for 7 days but experience has suggested that drug tolerance is
improved if the drug is started at a lower dose then is slowly titrated upward. Subsequently, the daily dose should be adjusted to the
lowest dose required to maintain platelet count below 600-900 x 10°%/I or whatever platelet count is associated with relief of
symptoms. The dosage should not be increased by more than 0.5 mg/day in any given week. Dosage should not exceed 10 mg/day or
2 mg/dose. Daily dosages exceeding 4-5 mg are associated with higher incidence of side effects.

¢ The platelet count usually begins to respond within 1-2 weeks at the effective dose. The time to a platelet count no more than

600 x 10%I ranges from 1 to 3 months.

* In responding patients, maintenance therapy is required to keep the platelet count at the desired level. The blood count should be
checked weekly during the first month of therapy, every 2 weeks during the second and third month, every month for 6 months, then
3—4-times a year afterwards, since there will be fall in hematocrit in some patients.

e We recommend echocardiography and an ECG before starting treatment, followed by periodic cardiac evaluation.
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