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Key Points

• Noninferiority of anagrelide in
comparison with hydroxyurea
in WHO-essential
thrombocythemia, a phase
3 trial

High platelet counts in essential thrombocythemia (ET) can be effectively lowered by

treatment with either anagrelide or hydroxyurea. In 259 previously untreated, high-risk

patients with ET, diagnosed according to the World Health Organization classification

system, the efficacy and tolerability of anagrelide compared with hydroxyurea were

investigated in a prospective randomized noninferiority phase 3 study in an a priori–

ordered hypothesis. Confirmatory proof of the noninferiority of anagrelide was achieved

after 6 months using the primary end point criteria and was further confirmed after an

observation time of 12 and 36 months for platelet counts, hemoglobin levels, leukocyte

counts (P < .001), and ET-related events (HR, 1.19 [95%CI, 0.61-2.30], 1.03 [95%CI, 0.57-1.81], and 0.92 [95%CI, 0.57-1.46], respectively).

During the total observation time of 730 patient-years, there was no significant difference between the anagrelide and hydroxyurea group

regarding incidences ofmajor arterial (7 vs 8) and venous (2 vs 6) thrombosis, severe bleeding events (5 vs 2), minor arterial (24 vs 20) and

venous (3 vs 3) thrombosis andminorbleedingevents (18vs15), or ratesof discontinuation (adverseevents 12vs15or lackof response5vs

2). Disease transformation into myelofibrosis or secondary leukemia was not reported. Anagrelide as a selective platelet-lowering agent is

not inferior comparedwith hydroxyurea in the prevention of thrombotic complications in patientswithET diagnosed according to theWorld

Health Organization system. This trial was registered at http://www.clinicaltrials.gov as #NCT01065038. (Blood. 2013;121(10):1720-1728)

Introduction

Essential thrombocythemia (ET) is a relatively benign myeloprolif-
erative neoplasm characterized by increased platelet production and
persistently elevated platelet counts. This condition is frequently
associated with major and minor vascular complications that cause
increased morbidity and sometimes fatal complications.1-3 The
overall estimated risk for major thrombotic and bleeding episodes in
ET is 6.6% per patient year, which increases to more than 10% per
year if left untreated in patients with risk factors such as age older
than 60 years or a history of vascular complications.1,3,4

Patients at high risk for thrombosis or hemorrhages are there-
fore considered to be candidates for cytoreductive therapy.5 In a
landmark trial, high-risk patients with ET were randomly assigned
to receive the general cytoreductive agent hydroxyurea, or placebo.
The observed platelet-lowering effect in this trial was associated
with a lower rate of thrombotic complications, suggesting that high-
risk patients should receive cytoreductive therapy with hydroxyurea
and that platelet counts could serve as a surrogate marker for clinical

complications.5,6 However, opinions differ whether high-risk
groups such as asymptomatic patients older than 60 years with
platelet counts of less than 1000 3 109/L or asymptomatic patients
younger than 60 years but with platelet counts of more than 15003
109/L should be treated with platelet-lowering agents.7-10

Debate is also ongoing regarding whether a general cytoreductive
(ie, leukocyte-reducing) effect, rather than a selective platelet-
lowering effect, may be responsible for the reduction of thrombotic
events11,12 because no clear evidence exists that a high platelet count
per se is associated with major vascular complications, though there
might be indirect clinical evidence that platelets are involved in
microvessel symptoms. In a previous retrospective investigation,
an increased leukocyte count at diagnosis of ET was associated
with thrombosis during follow-up, with a relative risk of 2.3. The
leukocyte-lowering effect of hydroxyurea reduced the strength of the
association between leukocytosis and thrombosis in this investiga-
tion.12 The cytoreductive effect of hydroxyurea on leukocyte counts
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may explain the advantage of this drug with respect to the prevention
of arterial thromboses vs the selective platelet-lowering compound
anagrelide in the UK-PT1 trial, a randomized phase 3 trial in a cohort
of high-risk patients with ET.13 On the basis of the superiority of
hydroxyurea combined with aspirin vs anagrelide combined with
aspirin in this trial, current guidelines for cytoreductive therapy favor
hydroxyurea as first-line therapy for ET.5 However, diagnosis of ET
in this trial was based on the Polycythemia Vera Study Group
(PVSG) criteria14 comprising a cohort of patients with ET and with
various degrees of reticulin/collagen fibrosis, which may have
correlated with elevated leukocyte counts, complicating the general-
ization of the results.15

It is still unknown whether these recommendations can be applied
to patients with ET diagnosed according to the World Health
Organization (WHO) classification (WHO-ET),16,17 where in contrast
to PVSG-ET,14 increased bone marrow fibrosis and an elevated
leukocyte count (.113 109/L) are uncommon and therefore cannot
be considered major thrombophilic factors.18-20 To directly assess
whether selective platelet-lowering therapy with anagrelide is not
inferior compared with hydroxyurea to prevent thrombohemorrhagic
events in high-risk WHO-ET, we designed a prospective randomized
single-blind phase 3 study to compare the efficacy, tolerability, and
safety of anagrelide and hydroxyurea in a homogeneous cohort of
patients with ET diagnosed according to the WHO classification.

Patients and methods

Design overview

The aim of the study as defined in the protocol was to compare anagrelide with
hydroxyurea in a noninferiority trial (see also supplementary appendix A) with
respect to (1) a platelet-reducing effect, hemoglobin and leukocyte reduction;
and (2) prevention of ET-related complications, as defined previously,21

during 6 months, 12 months, and during follow-up of 36 months. Safety and
tolerability were assessed by adverse events. After 36 months, ET-related
events and safety data were collected on a yearly basis for as long as feasible.

Study population

Patients older than 18 years with ET diagnosed according to the WHO
classification were screened.16 Those participants who were at risk for
thrombotic or hemorrhagic events and were newly diagnosed or were
treatment-naive were invited to participate in the study. At-risk inclusion
criteria for patients comprised either age >60 years, platelet count >1000 3
109/L, increase of platelet count>3003 109/L within 3 months, hypertension,
diabetes, and/or a history of thrombohemorrhagic events.2 Histologic
confirmation of the clinical diagnosis of ET as defined by the WHO
classification was initially performed by local pathologists. Later, the
diagnosis was reexamined in a blinded fashion by a referee panel of
2 pathologists at the pathology reference center in Cologne (Germany), where
all samples were recut and stained. An additional potential thrombophilic
risk factor, JAK2-V617F, was investigated in the study cohort.12 Detection of
the JAK2-V617F mutation was performed using quantitative allele-specific
polymerase chain reaction, as described previously.22

Random selection and interventions

Study patients were randomly assigned to receive either a non–immediate
release formulation of anagrelide23 (Thromboreductin, AOP Orphan Pharma-
ceuticals AG, Austria) or hydroxyurea (BMS, UK) and were stratified by center
and age groups (age,60 years vs.60 years). After initiation of treatment with
study drugs, patients were assessed weekly for efficacy and safety in the first
month. Subsequently, assessments were done at monthly intervals for up to
6 months, then every other month for up to 1 year and quarterly during follow-
up until 36 months. The protocol did not require mandatory concomitant
medication with acetylsalicylic acid or clopidogrel. Those patients who had
already been receiving acetylsalicylic acid or clopidogrel for at least 2 weeks
were permitted to remain with this concomitant therapy, if considered
appropriate by the investigator.

For assessment of ET-related events or complications, predefined criteria
were used to provide investigators with a standardized diagnosis tool.21

Definition of ET-related events included the following criteria (see also
supplementary appendix B):

c Major arterial thrombosis: stroke, myocardial infarction, peripheral
arterial disease, other arterial thrombosis.

c Major venous thrombosis: ileofemoral thrombosis, pulmonary embolism,
splanchnic vein thrombosis, other major venous events.

c Minor arterial events: transitory ischemic attacks, angina pectoris, unstable
angina, generalized convulsions, erythromelalgia, ocular symptoms, other

Table 1. Baseline characteristics of 259 study participants

Patient characteristics Anagrelide group Hydroxyurea group

Patients (n) 122 137*

Age (median, years, range) 58.1 (19-90) 56.4 (22-83)

Sex (m/f) 46/76 47/89

Platelet count (median,

3 109/L,6 quartiles)

979.5 (837.0/1220.0) 1044.0 (846.0/1284.0)

Hemoglobin (median, g/dL,

6 quartiles)

14.0 (13.0/15.0) 14.0 (13.0/14.9)

WBCs (median, 3 109/L,

6 quartiles)

9.4 (8.1/11.2) 9.5 (8.1/11.8)

JAK2 V617F positive (n) 54 53

History of thromboembolic

events (n)

26 22

History of bleeding

events (n)

8 15

History of ischemic

episodes (n)

26 16

Aspirin (n) (100 mg/d,

n541; ,75mg/d, n532)

35 38

Hypertension (n) 46 52

Diabetes mellitus (n) 4 9

n, patient numbers; WBCs, white blood cells.

*One patient was excluded after detection of Ph-chromosome translocation, and

5 patients withdrew after random selection.

Table 2. Diagnostic criteria for ET (WHO vs PVSG)

Criteria

WHO-ET16 PVSG-ET14

Sustained platelet count . 450 3 109/l Platelet count . 600 3 109/l

Bone marrow biopsy specimen showing

proliferation mainly of the

megakaryocytic mass lineage with

increased numbers of enlarged

mature megakaryocytes

Hematocrit , 40% or normal RBC

No sign of increase or left shift of

neutrophil granulopoiesis or

erythropoiesis

No myelodysplastic syndrome

Not meeting WHO criteria for PV; PMF,

CML, MDS, or other myeloid

neoplasms

No Philadelphia chromosome

Demonstration of JAK2V617F or other

clonal marker, or in absence of clonal

marker

No reactive cause

No evidence of reactive thrombocytosis Collagen fibrosis absent or , one-third

biopsy area without marked

splenomegaly and leukoerythroblastic

reaction

CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome.
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peripheral arterial microcirculatory disturbances, other minor arterial events
(eg, tinnitus, vertigo).24,25

c Minor venous events: superficial thrombophlebitis, other minor venous
events. Minor events were diagnosed based on patients’ symptoms and
clinical judgment of the investigator taking patient diary notes into
account.

c Major bleeding events: decrease in hemoglobin level .1 g/dL or red
blood cell transfusion required.

c Minor bleeding events: no red blood cell transfusion required and
decrease in hemoglobin level ,1g/dL.

In addition, a retrospective analysis for development of post-ET myelofibrosis
was performed according to recently published criteria, namely bone marrow
fibrosis (grade 2-3), anemia (>2-mg/dL decrease from baseline), leukoery-
throblastic peripheral blood picture, increasing splenomegaly, increased lactate
dehydrogenase levels, and development of at least 1 of 3 constitutional
symptoms.26 Patients were asked to document any discomfort or noteworthy
constitutional symptoms in a diary to facilitate event identification by

investigators. Adverse events or drug reactions and serious adverse events
were recorded using theWHO terminology and a standard operating procedure
based on the International Conference on Harmonisation (ICH) guideline 377/
95. The study protocol was approved by the institutional research ethics
committees in all centers involved, according to the Declaration of Helsinki.

Statistical methods

A total of 4 primary criteria (percent change in platelets, hemoglobin, and
leukocytes, and the total number of ET-related events) were analyzed in
a confirmatory manner using a test for noninferiority. Control of the multiple
level a of the study was maintained by applying the principle of an a priori–
ordered hypothesis. Thus, all 4 criteria could be tested with full a-level in the
defined sequence if the predecessor in the sequence turned out to be
significant27: for assessment of ET-related events, the test for platelets,
hemoglobin, and leukocytes had to pass the noninferiority criterion before
noninferiority for ET-related events could be performed. First-order analysis for

Figure 1. Enrollment, random selection, and

follow-up of study participants.
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proof of efficacy was defined as the analysis 6 months after onset of the study,
which was followed by a second order of analysis after 12 months and 36
months.

A difference of 10 percentage points was defined as the lower margin of
noninferiority for the 3 continuous criteria that were analyzed using the robust
procedure of Su and Wei, which is based on the difference of medians.28 For
all evaluations, the equivalence bound can then be confirmatorily tightened
to a more narrow margin depending on the lower bound of the observed
confidence interval.29 The evaluation of discontinuation rates during the first
year of treatment was done using the x2 test. ET-related events were evaluated
with the patients being the observational units and the number of events being
evaluated as scores. Analysis was performed using the Cochran-Mantel-
Haenzel procedure with a lower noninferiority bound of OR50.404, which
equals the standardized difference d50.5 of Cohen.30,31 In other words,
noninferiority was demonstrated if the lower bound of the confidence interval
was higher than OR50.404. For event-free survival analysis for non-
inferiority, the Cox-Mantel log-rank test was used with a lower bound of
noninferiority of a hazard ratio of 0.404. All procedures were evaluated using
the statistical software package TESTIMATE. For sample size calculation,
a method developed for the robust Mann-Whitney effect size measure was
used because no calculation is available for the difference of medians of the Su
Wei test. We defined Mann-Whitney50.36 as the lower inferiority bound
corresponding to the standardized difference d50.5 of Cohen. Stipulating
a50.025, one-sided, and b50.1, we obtained a total of N5184 patients.
Because at the planning stage of the study only few prospective data were
available on the relative effect of the 2 drugs, the study was planned as a 2-
stage adaptive design with a sample size of 140 for stage I and a final sample
size of 250 patients using an adaptive approach to test the hypothesis of
noninferiority (see also supplementary appendix C).32 The enrolled patients
were randomly assigned to the 2 treatment groups, balanced for center and age
class (,60 years and >60 years).

The final statistical analysis plan stated that the intention-to-treat (ITT)
population is to be used with missing data being imputed using the “last
observation carried forward” option. The ITT population included all patients
who took at least 1 dose of the trial medication and had at least 1 efficacy
assessment afterward.

Results

Characteristics of study population

Between October 2002 and January 2006, a total of 259 patients
diagnosed only with WHO-ET were assigned for treatment with
anagrelide (n5122) or hydroxyurea (n5137) (Table 1 and 2).
Baseline assessments showed no relevant group differences. The
median duration from diagnosis to start of treatment was 25 days
(range, 0-3137 days). Anagrelide was started at a dose of 1.0 mg/day
(0.5 mg twice daily) during the first week. Hydroxyurea was started at

a dose of 1500 mg/day. The dose of the respective study drug was
increased until maintenance of the platelet count at normal (<450 3
109/L) or close to normal levels (.450 3 109/L to 600 3 109/L).
Dose reductions or a temporary interruption of dosing was performed
in 15.5% and 18.9% of patients after an adverse event. Five patients
assigned to the study withdrew informed consent before initiation
of the treatment, and one patient was excluded after detection of a
BCR-ABL translocation. A total of 253 patients remained for ITT
(Figure 1). In total, 96 patients (49 in the anagrelide group vs 47 in the
hydroxyurea group) discontinued study drug after a follow-up of up
to 9 years. Nineteen patients in the anagrelide group (15.6%) and 11
patients in the hydroxyurea group (8.4%) discontinued the treatment
before the end of the first year (P 5 .08). During follow-up, an
additional 66 patients discontinued therapy. Among those 16 patients
in the anagrelide group whowere switched to hydroxyurea, conversely,
10 patients were switched from hydroxyurea to anagrelide. An
additional 36 patients (16 in the anagrelide group and 20 in the
hydroxyurea group) discontinued treatment for other reasons
(eg, patients’ request, wish for pregnancy, change of address, or
lost to follow-up). The reason for discontinuation in another
group of 27 patients was related to adverse events (9 anagrelide
vs 10 hydroxyurea) or death (3 anagrelide and 5 hydroxyurea).
Lack of efficacy was a reason for discontinuation in 5 patients in
the anagrelide group and in 2 patients in the hydroxyurea group.

The blinded reevaluation of the bone marrow biopsy specimens
obtained from 235 patients confirmed that a very homogeneous ET
patient cohort was included in the study. When the original diagnosis
of ET according to the WHO classification made in each center was
compared with diagnoses made by the central bone marrow histology
review panel, concordance of the diagnosis WHO-ET was achieved
in 82.5% of these bone marrow biopsy specimens. Only 19 patients
were rediagnosed as having early-prefibrotic primary myelofibrosis
(PMF) with or without a minor increase in fibers (PMF-0/1) on a 3-
graded scale,33 and another 16 patients were rediagnosed as having
ETs with a PV-like pattern (Table 3). In 199 of the 253 patients,
a retrospective analysis of the JAK2-V617Fmutational status could be
carried out, and in 107 patients (53.8%), the JAK2-V617F mutation
was detected. The JAK2-V617F allele burden was low, ranging in
a quantitative assay from 2.22% to 35.30% (median, 9.24%), and
only 2 of 107 patients testing positive for JAK2-V617F had an allele
burden of more than 25%. Patients with WHO-ET had a marginally
lower allele burden compared with patients who were reclassified as
having PMF-0/1 or ET-like PV (Table 3).

Efficacy

Noninferiority of anagrelide was evaluated with the criteria platelet
count, hemoglobin level, leukocyte count, and ET-related events
applying the principle of an a priori–ordered hypothesis in the above-
stated order with a cutoff period of 3 years. There was no relevant
difference in platelet-lowering effect between anagrelide and
hydroxyurea throughout all 3 stages of evaluation (Figure 2). Median
hemoglobin levels decreased slightly in both groups. Although this
effect was more pronounced in anagrelide-treated patients, there was
only a small median difference. In the anagrelide-treated patient
group, leukocyte counts remained constant at a level of ;9 3 109/L
throughout the entire study period and did not increase, whereas
in hydroxyurea-treated patients, the leukocyte counts were markedly
decreased after 3 months and remained decreased throughout
the entire study period. No statistically significant difference was
observed in the frequency of ET-related major and minor
thrombohemorrhagic events between the 2 treatment groups, with

Table 3. Central bone marrow histopathology and JAK2V617F
analysis in 235 study patients

N %
JAK2

positive (n)
JAK2 allele burden

Median (%)
JAK2

negative (n)

ET 194 82.5 79 8.7 73

PMF-0 (fiber

grade 0)

16 6.8 10 11.7** 3

PMF-1 (fiber

grade 1)

3 1.3 1 — 0

PV (PV-like

pattern)

16 6.8 8 10.4 5

–Unclassifiable 6 2.6 9* — 11*

*JAK2V617F analysis was performed in more patients than the bone marrow

reevaluation.

**Value denotes pooled PMF-0 and PMF-1.
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hazard ratios (HRs) and 95% confidence intervals (CIs) of 1.19 (95%
CI, 0.61-2.30) at 6 months, 1.03 (95%CI, 0.57-1.81) after 12months,
and 0.92 (95% CI, 0.57-1.46) at 36 months (Figure 2). After long-

term observation of up to 6 years, there was no difference in platelet
counts, hemoglobin level, and leukocyte counts compared with the
12- and 36-month data, and 63.9% of the anagrelide-treated patients

Figure 2. Course of platelet counts, hemoglobin levels, and leukocyte counts with time, up to 36 months. Data are expressed as medians 6 quartiles. P values

indicate proof of noninferiority (see statistical section).
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still remained free of ET-related thrombotic or bleeding events vs
67.4% in the hydroxyurea-treated group, again showing no difference
between groups (HR, 0.92; 95% CI, 0.57-1.50). When the events
were differentiated into major and minor (Table 4), no apparent
difference was observed for major clinical events, with 14 events or
3.32% per patient-year in the anagrelide group vs 16 events or 3.42%
per patient-year in the hydroxyurea group (Table 4A). Also, no
significant difference was seen in minor events (Table 4B), with 45
minor events (10.6% per patient-year) in the anagrelide group vs 38
minor events (8.1% per patient-year) in the hydroxyurea group. There
were slightly more major (5 vs 2) and minor (18 vs 15) bleeding
events in patients receiving anagrelide. In total, 32 patients had at

least 1 bleeding event (4 of them had multiple bleeding events); of
these, 19 patients were receiving anagrelide and 13 were receiving
hydroxyurea. Nine of the 19 anagrelide-treated patients with bleeding
events were receiving additional aspirin therapy, whereas only 3
of the 13 hydroxyurea-treated patients with bleeding events had
additional aspirin. No apparent difference in event-free survival was
seen when the patient cohort was subdivided into JAK2-V617F–
positive vs JAK2-V617F–negative patients. In JAK2-V617F–positive
patients, the occurrence of thrombotic events was equally distributed
in both treatment groups.

A subgroup analysis supports the findings of the noninferiority of
anagrelide for prevention of ET-related events in a descriptively
significant sense in patients with “true-ET.” In this subgroup, only
patients who were rediagnosed with “true-ET” were included in the
analysis. In the Cox-Mantel log-rank test for noninferiority the HRs
are situated close to the benchmark of equality, with an HR of 1.10
(95% CI, 0.64-1.91) (Figure 3), with the lower bound of the CI
situated well above the benchmark (HR, 0.404).

Tolerability and safety

The adverse events were equally distributed between the treatment
groups; a total of 1063 adverse events were recorded, with 68 being
serious adverse events. Adverse events leading to drug-related
discontinuation again were equally distributed: 9 patients in the
anagrelide group and 10 patients in the hydroxyurea group were
withdrawn because of adverse events (Figure 1). However, regarding
which organs were affected, the safety profile of the drugs differed.
Cardiovascular side effects (ie, hypertension, palpitations, and
tachycardia) were observed significantly more frequently in the
anagrelide group, whereas leukocytopenia (grades 1 and 2) andminor
infections (grade 1) were significantly more frequent in the hy-
droxyurea group (Table 5). In 2 patients in the anagrelide group and in
1 patient in the hydroxyurea group, development of post-ET my-
elofibrosis was reported. Because follow-up bone marrow biopsies
were not available for these patients, clinical parameters (anemia
and a decrease of hemoglobin levels by . 2 g/dL; development
or increase of splenomegaly by . 5 cm; and development of
leukoerythroblastic peripheral blood count, elevated lactate de-
hydrogenase levels, and constitutional symptoms) were taken as
surrogate parameters for transformation into myelofibrosis.26 None of
the 253 patients in the study (except for the 3 patients reported above),
who were treated for up to 9 years comprising a total observation
period of 730 patient-years, fulfilled more than 1 criterion for
transformation into post-ET myelofibrosis. Transformation into
myelodysplastic syndrome or secondary leukemia was not observed
during the entire observation period.

Discussion

Our current investigation shows that anagrelide was not inferior in the
prevention of thromboembolic and bleeding events compared with
hydroxyurea in patients diagnosed with WHO-ET. In addition, our
study confirms previously published data that anagrelide does not
induce disease progression to myelofibrosis34 or acute leukemia in
WHO-ET and, in the absence of aspirin, does not provoke bleeding
complications in this subgroup of myeloproliferative neoplasms. Our
data also show that anagrelide can be considered a safe drug, despite
some cardiovascular adverse effects that can usually be managed by
dose reductions.35

Table 4. ET-related events after long-term observation

Anagrelide
group (n5122)

Hydroxyurea
group (n5131)

P
value

A) Major events (total) No. of events No. of events .86

14 16

Major arterial thrombosis 7 8 .90

Claudication 1 -

Myocardial infarction 3 2

Peripheral arterial disease - 2

Coronary arterial disease

(bypass surgery)

1 -

Obstruction of subclavian artery - 1

Cerebrovascular event/stroke 2 2

Carotid artery stenosis - 1

Major venous thrombosis 2 6 .18

Thrombosis of mesenteric

venocaval shunt

1 -

Thrombosis of V. ileofemoralis 1 4

Pulmonary embolism - 1

Lower limb thrombosis - 1

Severe bleeding events 5 2 .21

Rectal bleeding 1 -

Bleeding into gluteal muscle 1 -

Severe hypermenorrhea 1 -

Bleeding of esophageal varices - 1

Metrorrhagia - 1

Severe bleeding after cyst puncture 1 -

Other major bleeding events 1 -

B) Minor events (total) No. of events No. of events .18

45 38

Minor arterial thrombosis 24 20 .36

Microcirculatory disturbances

(dysesthesia, tingling paresthesia)

9 11

Other minor arterial events - -

TIA, balance disorders, dizziness 7 2

Scotoma - 2

Angina pectoris 3 2

Erythromelalgia 3 1

Myocardial ischemia - 1

Raynaud 2 1

Minor venous thrombosis 3 3 .93

Thrombophlebitis 3 3

Minor bleeding events 18 15 .44

Epistaxis 7 9

Hypermenorrhea 2 -

Hematoma 1 2

Bleeding (uterine, nose, skin, anal

fissures, gingiva)

6 3

Other (ecchymosis, petechiae,

blood-stained expectoration)

2 1

ET-related events between the groups were analyzed using the Cochran--

Mantel-Haenzel procedure.
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Previously, it was shown that leukocytosis and a higher degree of
reticulin fibrosis add prognostic significance to existing risk factors for
arterial thrombosis in PVSG-ET.12,15,36,37 These findings are con-
firmed by a recent investigation in prefibrotic PMF where leukocytosis
has been shown to be an important risk factor for arterial thrombosis.38

The present results demonstrate that these observations may not be
relevant for ET diagnosed according to the WHO classification, which

is usually characterized by a near-to-normal leukocyte count. In con-
trast to the UK-PT1 trial, which showed that hydroxyurea combined
with aspirin was more effective in the prevention of arterial events than
anagrelide combined with aspirin, our study revealed a similar rate of
major and minor arterial events and major bleeding events in both
treatment groups.13 This difference in the study outcomes may be
explained by several differences in the design of the 2 studies: (1) Our
patients were enrolled at diagnosis or in a previously untreated status.
In contrast, all participants were included into the UK-PT1 trial,
including those receiving hydroxyurea, necessitating a withdrawal
from hydroxyurea and transition to anagrelide, which may have
resulted in an increase in leukocyte counts. This may explain the higher
rate of arterial events in some patients treated with anagrelide in the
UK-PT1 trial who were previously treated with hydroxyurea. (2)
However, the different diagnostic criteria that have been applied
(PVSG-ET vsWHO-ET)may be considered themost important reason
for the different outcomes in the 2 studies, as the thrombotic risk in
WHO-ETmay be different than that observed in PVSG-ET because of
different hematologic phenotypes at presentation.39-41 In this context, it
is remarkable that a considerable fraction of patients in the UK-PT1
trial presented initially with higher levels of so-called reticulin fibrosis.
Because the extent of reticulin fibrosis correlates with leukocyte counts
and arterial thrombosis, it is possible that in PVSG-ET unselective
cytoreduction with hydroxyurea could be superior to a selective
thrombocyte-reductive therapy with anagrelide, which is not able
to decrease leukocyte counts.13,15 Finally, major bleeding events
associated with thrombocytosis might be specific to early-prefibrotic
PMF vsWHO-ET, and it was shown that low-dose aspirin exacerbates
this bleeding tendency.42 Therefore, differences in bleeding compli-
cations in the patient groups treated with anagrelide between the
UK-PT1 trial and our study may, again, be explained by the different
diagnostic criteria (PVSG-ET vsWHO-ET) used in the 2 studies. (3) In
addition, the restrictive use of aspirin in our study may have been
responsible for the decreased bleeding rate in anagrelide-treated
patients because it is also known that bleeding complications
associated with aspirin may be provoked in ET, especially when
aspirin is combined with anagrelide.21,43 On the other hand, the
restrictive use of aspirin in our study may explain the somewhat higher
rates of thrombosis in both treatment groups (anagrelide vs hy-
droxyurea: 3.32% vs 3.42% per patient-year) compared with previous
randomized studies, where the rate of thrombosis was shown to be
;2% per patient-year. This trend emphasizes that aspirin may account
for some protective effect against thrombosis in ET.

Figure 3. Event-free survival for ET-related events

for patients who were rediagnosed as having

WHO-ET (“true-ET”). The HR (95% CI) is presented

after an observation time of 6 years.

Table 5. Safety profile according to organ classes

Organ
manifestations Symptoms

No. of patients

P
value

Anagrelide
group

Hydroxyurea
group

Infections and

infestations

Herpes (simplex,

labialis, zoster)

1 4 .37

Infections (viral,

influenza-like

symptoms)

12 28 .01

Blood and lymphatic

system disorders

Anemia 11 24 .04

Epistaxis 6 15 .07

Leukopenia 1 37 , .01

Nervous system

disorders

Headache 29 22 .21

Vertigo 6 14 .10

Ear and labyrinth

disorders

Dizziness 7 2 .09

Cardiac disorders Hypertension 14 4 .01

Palpitations 30 3 , .01

Tachycardia 13 3 .01

Respiratory, thoracic,

and mediastinal

disorders

Bronchitis 3 8 .22

Gastrointestinal

disorders

Abdominal pain 11 11 1.00

Diarrhea 17 10 .15

Other

gastrointestinal

events

11 14 .83

Skin and

subcutaneous

tissue disorders

Alopecia 0 5 .06

Skin disorders 7 16 .12

Data are given as the number of patients experiencing at least once the adverse

event described. Only adverse events occurring in more than 3% of patients in

a treatment group were considered for comparison of the safety profile. For statistical

analysis of adverse events, the Fisher exact test was used.
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The strength of our present data indicates for the first time in
a prospective randomized study that a distinction between WHO-
ET and early-prefibrotic PMF may be important for the choice
of cytoreductive therapy; therefore, our study can be considered a
validation of the WHO classification, with a differentiation between
WHO-ET and early-prefibrotic PMF. Although the patient cohort
included in our study was broadly similar to that of previous studies,
we did not observe any relevant increase of reticulin fibrosis in our
very homogeneous cohort of patients withWHO-ET. Also, the median
leukocyte count remained constant below the threshold level of 11 3
109/L for increased thrombosis risk in WHO-ET throughout the entire
treatment period, even in anagrelide-treated patients. This observation
is important, in particular, for the low rate of arterial thrombotic events
in anagrelide-treated patients in our study vs the anagrelide-treated
patients in the UK-PT1 trial. In addition, our cohort of patients with
WHO-ET was characterized by a low JAK2-V617F allele burden,
which confirms the results of a significantly lower JAK2-V617F allele
burden in WHO-ET vs early-prefibrotic PMF reported in a cohort of
patients primarily defined by bone marrow morphologic features.44

Controversy persists concerning whether the histologic bone
marrow criteria proposed by the WHO for the classification of ET,
particularly the discrimination between WHO-ET vs early-prefibrotic
PMF, is reproducible.18 Contrasting 1 group,45 other investigators
confirmed their ability to discriminate between WHO-ET and the
thrombocythemic manifestations of early-prefibrotic PMF.41,46-49 The
result of our study, including the blinded reevaluation of bone marrow
specimens diagnosed as WHO-ET by a large number of pathologists,
underscores the reproducibility of relevant parameters proposed by the
WHO classification.16,17 The noninferiority design might be consid-
ered a weakness of our study. However, this design allowed us to
exclude the inferiority of anagrelide vs hydroxyurea in WHO-ET, and
to evaluate the superiority of one of these 2 compounds would not
have been feasible (see also supplementary appendix A).

Our study is the first prospective randomized phase 3 trial in ET
applying theWHO classification. Because significant differences exist
in the clinical behavior between WHO-ET and ET diagnosed ac-
cording to the PVSG criteria, recommendations for treatment derived
from PVSG-diagnosed ET cohorts may not be applicable to patients
withWHO-ET. An elevated leukocyte count, besides elevated platelet
counts, may therefore not be considered an additional thrombophilic
factor in our patient cohort with WHO-ET. This is in contrast to
PVSG-ET or early-prefibrotic PMF, where leukocytosis represents
one of the most prominent risk factors for arterial events.37,38 This may
explainwhy, in our study, the selective thrombocyte-lowering effect of
anagrelide is sufficient to also prevent ET-related arterial thromboses.
Our study suggests that in patients with WHO-ET, anagrelide rep-
resents a nonchemotherapeutic alternative to hydroxyurea as first-line
therapy for the prevention of thrombotic complications.
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