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Abstract

The treatment of patients with essential thrombocythemia (ET) should be based primarily on the expected risk of
major thrombotic complications. Although the specific values chosen for separating different risk categories are in
part arbitrary, the following recomendations can be made. Young asymptomatic subjects with platelet counts below
1,500x10°/L are at lower risk and can be followed untreated. However, it should be emphasized that thrombotic
events can also occur in a small percentage of these lower-risk cases. Low-dose aspirin (100-300 mg/day) should be
given to patients with symptoms of microvascular occlusion, such as erythromelalgia or transient neurological attacks,
and avoided in those with bleeding manifestations. The risk/benefit of low-dose aspirin in the primary prevention of
thrombosis in asymptomatic patients remains uncertain. For high-risk patients (age >60 years, or platelet count
>1,500x10°/L, or previous thrombosis), hydroxyurea, plus aspirin in the case of thrombosis, is the treatment of
choice because its efficacy in preventing thrombotic complications has been proven in a randomized clinical trial.
However, the possible long-term leukemogenicity of this drug, as well as that of other effective cytoreductive agents
such as busulphan and pipobroman, remains a major concern. Anagrelide and interferon could overcome this worry
but their efficacy has been hitherto demonstrated only in lowering the platelet count. Controlled clinical studies
showing a benefit in preventing thrombotic and hemorrhagic complications are urgently needed.

Essential thrombocythemia (ET) is a disorder of the  therapeutic options currently available for ET patiens,
multipotential hemopoietic stem cell leading to bone  taking into account their different risk to develop major
marrow hyperplasia, excessive proliferation of megakar-  thrombotic and bleeding events.
yocytes and a sustained elevation of the platelet count
[1-12]. Current diagnostic criteria are listed in Table 1. 1. Risk Stratification of Patients with ET
ET is generally considered a disease of the middle aged

with median onset between the ages of 50 and 60 years ET symptomatic patients usually present with -either
and a slight female preponderance. However, with the  vascular occlusive or haemorrhagic complications [13].
advent of automated platelet counting, it is now diag-  The vascular occlusive events either occur in the micro-
nosed with increasing frequency in young people. The  vasculature, with symptoms such as transient cerebral
major cause of mortality and morbidity are thrombo-  ischemia, migraine and visual dysfunction [14] digital

embolic complications, which occur more frequently in  ischemia and erythromelalgia [15] or in larger vessels
older subjects or in those with previous thrombosis.  usually arterial, although major venous occlusions such
Severe bleeding is rare, nowadays, and limited to pa-  as splanchnic vein thrombosis do occur [16] Haemor-
tients with very high platelet count. The evolution into  rhagic events are less frequent than thrombosis and may
leukemia is an unusual occurrence, but there is concern  occur either spontaneously or following trauma. Due to
that the rate of transformation may be increased by  this heterogenous clinical presentation, several studies
chemotherapy. Thus, the therapeutic dilemma in ET is  have focused on the search for factors possibly associ-
balancing the risk of thrombosis, bleeding and leukemic  ated with an increased risk of these complications
transformation [3]. In this paper, we will review the [17-21]. Unfortunately, despite the identification of a
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Table 1.
Updated Diagnostic Criteria of Essential Thrombocythemia [8,
modified].

I Platelet count >600,000/L

Il Hematocrit <0.46, or normal
mL/kg, females <32 mL/Kg)

[l Stainable iron in marrow or normal serum ferritin or
normal RBC mean corpuscular volume*

RBC mass (Males <36

IV No Philadelphia chromosome or bcr/abl gene rear—
rangement
V  Collagen fibrosis of marrow
A. Absent or

B. <1/3 biopsy area without both marked splenomegaly
and leukoerythroblastic reaction
VI No cytogenetic or morphologic evidence for a myelo-
dysplastic syndrome
VIl No cause for reactive thrombocytosis

If these measurements suggest iron deficiency, PV cannot be
excluded unless a
trial of iron therapy fails to increase the RBC mass into the
polycythemic range

broad array of specific structural, biochemical and meta-
bolic platelet defects, no parameter of hemostasis has
been shown to reliably herald a thrombotic or bleeding
tendency in ET patients [22,23]. A major limitation of
the available studies is that they are almost all retro-
spective and based on relatively small numbers of pa-
tients. This may explain the wide range in prevalence
of haemorrhagic (13% to 63%) and thrombo-embolic
(8% to 84%) complications reflecting the referral bias in
the reported series.

Hemorrhagic symptoms, which consist of skin
bruising, recurrent bleeding from mucous membranes or
the digestive tract have been found more frequently in
patients with platelet counts in excess of 1,000x10 ’/L
and this may be related to an acquired deficiency of
von Willebrand's factor [24,25]. The number of circulat-
ing platelets directly affects the concentration of plasma
large vWF multimers, which may compromise hemos-
tasis at high platelet counts. Serious bleeding may be
spontaneous or triggered by contemporaneous aspirin
treatment. Therefore, caution is recommended in giving
aspirin to these patients.

Risk factors predicting thrombotic complications were
specifically looked for in a cohort study of 100 con-
secutive patients with ET diagnosed between 1978 and
1988 and subsequently checked at least every 2 months
[26]. The patients recelved busulphan when the platelet
count exceeded 1,000x10°/L and/or when a major throm-
botic or haemorrhagic event occurred. Twenty thrombo-
tic episodes (arterial 17, venous 3) were observed (6.6%
/patient-year) in the study. When the incidence of
thrombosis was analyzed in different age groups, a clear
correlation between aging and vascular complications
was observed. The rate of thrombosis was also higher

Table 2.
Thrombo-hemorrhagic Risk Stratification in Essential Thrombo-
cythemia.

Low risk
Age <60 years, and
No history of thrombosis, and
Platelet count <1,500x10%L
High risk

Age >60 years, or
A previous history of thrombosis, or
Platelet count =1,500x10%/L

Correction of cardiovascular risk factors (smoking,

hypertension) is recommended in all patients

obesity,

in those with a previous history of thrombotic events,
despite the fact that all these patients were treated with
cytoreductive drugs. These risk factors were confirmed
by other investigators [13,21,27,28]. Thrombotic events
have been reported to be relatively infrequent below the
age of 40 and to have the highest incidence in patients
over 60-70 years of age [27]. Aging may also influence
the severity of thrombotic complications. In fact, al-
though isolated reports indicate the possibility of life-
threatening thromboses in young ET patients [29], the
incidence of severe thromboses was only about 1% per
year in 56 young thrombocythemic subjects after a
mean follow-up of 4.7 years [28]. Most ischemic com-
plications in this group were represented by migraine,
headache and erythromelalgia. A prior history of throm-
bosis was also confirmed to be a significant risk factor
for subsequent vascular complications [13,21]. Colombi
et al. [21] reported that the prevalence of thrombosis
was increased by the presence of a prior thrombotic
event from 16 to 57%.

Summing up, a category of ET patients at particularly
higher risk of bleeding and thrombosis can be identified,
namely those over 60 years old or with a hlstory of a
thrombosis or platelet count above 1,500x10°/L (Table
2). Most authorities recommend that myelosuppressive
treatment for the thrombocytosis should be focused on
these high-risk patients, whereas a different policy
should be considered for the remainder [5,30-32].

2. Management of Lower-risk ET Patients

The natural history of untreated, lower-risk ET pa-
tients was evaluated in a prospective, controlled study.
65 ET patients with age below 60 years, no history of
thromb051s or major bleeding and platelet count below
1,500x10°/1 were compared to 65 age and sex matched
normal controls. Patients were not treated with cyto-
reductive therapy, until the occurrence of major clinical
events. After a median follow-up of 4.1 years, the
incidence of thrombosis in patients and controls was
1.91 and 1.5% patient-year, respectively. The age and
sex adjusted risk rate ratio was 1.43 (95% c.i. 0.37-5.4).
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No major bleeding was observed. This study indicate
that the thrombotic risk of young, asymptomatic ET
patients is not significantly increased compared to the
normal population. Another cohort of lower-risk ET
patients was followed by Brire and colleagues [33]. This
series consisted of 20 asymptomatic cases (median age
40 years, range 7-64 years; median platelet count 909 x
10°/L; range 600-1470x10°/L) observed for a median of
6.7 years, without a control group. In 13 patients, treat-
ment with hydroxyurea had to be started because of: a)
the onset of major vascular events in four cases (myo-
cardial infarction, surgery of an atheromatous arterial
stenosis, aortic aneurysm and portal vein thrombosis); b)
minor ischaemic events in three, and c) increased age,
increased platelet count or the need for surgery in six
patients, even though they were in good health. The
other seven patients remained without treatment except
for anti-aggregating agents. The rates of major and total
thrombotic complications in this cohort were 3 and
5.1%/pt-yr, respectively. It should be stressed that none
of the complications observed in these two cohorts was
fatal. Thrombotic deaths seem very rare in lower-risk
ET subjects and data showing that fatalities can be
prevented by starting cytoreductive drugs early have not
been produced.

Therefore, one can conclude that withholding chemo-
therapy might be justifiable in asymptomatic, young ET
patients with a platelet count below 1,500x10°/L, based
on their very low risk of developing fatal thrombotic or
bleeding events and for the concern about the potential
leukemogenicity of cytotoxic drugs (see below).

Having made this generalization concerning myelosup-
pressive therapy, it may be rational to propose a pri-
mary antithrombotic prophylaxis with aspirin for reduc-
ing the rate of vascular complications in these asymp-
tomatic patients [34]. Aspirin has received a wide
acknowledgement for efficacy in ET patients with mi-
crovascular disturbances, such as erythromelalgia or
transient cerebral or ocular ischaemia [14,15]. In the
absence of contraindications and/or side effects, a dose
of 100-300 mg/day is required in the acute management
of these patients. Cyto-reduction usually relieves these
symptoms although continued use of aspirin is indicated
when a reoccurence of symptoms is observed with a
normal platelet count. The use of aspirin in ET patients
at a dose of 75-100 mg/day is also recommended as
secondary prophylaxis for major arterial thrombosis [5].
In the absence of clinical trials in the setting of ET,
this recommendation is largely based on the assumption
that its use is associated with a risk reduction com-
parable to that achievable in other clinical conditions
[35]. However, in prescribing anti-aggregating agents one
should consider the risk of bleeding. This is particularly
important in ET patients, who may have platelet func-
tional defects [22]. In a recent case-control study in
normal subjects the use of enteric-coated or buffered
aspirin at average daily doses of 325 mg or less carried
a two to three-fold relative increase in the risk of major
upper-gastrointestinal hemorrhages [36] indicating that
there is increased risk of bleeding even with low-dose

aspirin. However, such bleeding is very rarely associated
with irreversible morbidity or mortality.

Pregnancy in asymptomatic ET patients deserve spe-
cial considerations. ET may jeopardize the outcome of
pregnancy. Approximately 50% of pregnancies develop
obstetric complications, including recurrent abortion, par-
ticularly in the first trimester, premature delivery, fetal
growth retardation and abruptio placenta. The likely
mechanism of these complications is placental infarction.
Thus, some authors recommend the use of aspirin [4] or
sub-cutaneous heparin [37] during pregnancy, particularly
in those cases who have had previous fetal losses. In a
review of the relevant literature, the use of aspirin was
associated with a more successful outcome of pregnancy
than in those managed without the drug [38]. However,
successful pregnancies may also occur in untreated ET
women. In a single institutional study from Mayo Clinic
of 34 pregnancies occurring in 18 women with ET,
Beressi et al. [39] were unable to substantiate the
benefit of specific therapy during pregnancy or delivery.
Consequently, they do not recommend any prophylactic
therapy in asymptomatic pregnant women with ET. In
symptomatic patients, a-interferon (see also below) has
been used successfully and without relevant side effects
[40]. However, only very few anecdotal reports are avail-
able and the use of a-interferon in pregnant women with
ET needs to be further investigated. At present, a defini-
tive proposal for the most appropriate management strat-
egy for pregnancy in women with ET cannot be given.

3. Management of High-risk ET Patients

Patients aged more than 60 years or with platelet
count exceeding 1,500x10°/L, or with a previous history
of thrombosis or major bleeding are candidates to
receive a cytoreductive drug (Table 3).

4. Hydroxyurea

Hydroxyurea (HU) has emerged as the treatment of
choice in patients with ET because of its efficacy and

Table 3.
Current Recommendations for
Essential Thrombocythemia.

Management of Patients with

Low risk
Avoid cytoreductive drugs (reconsider if complications)
Low-dose aspirin (100-300 mg/die) for microvascvular
symptoms (e.g. erythromelalgia)
High risk
Cytoreduction
Hydroxyurea as first choice
Consider Interferon or Anagrelide in younger patients
(< 40 years)
Consider Busulfan in older patient (>70 years)
Low-dose aspirin if thrombotic history
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only rare acute toxicity [31,33,41]. The drug is given at
an initial dose of 15-20 mg/kg/day, with adjustments to
mamtam reduction of platelet values, ideally to less than
400x10°/L without excessive lowering of the neuthrophil
count. Continuous treatment with HU has been shown
to reduce the platelet count to below 500x10°/L within
8 weeks in 80% of patients. Lowering the platelet count
by HU is associated with significant improvement in
acute ischaemic or hemorrhagic symptoms. In a ran-
domized clinical trial, the efficacy of HU in preventing
thrombosis in ET patients aged >60 years, or with a
history of preV1ous thrombosis, or with a platelet count
above 1,500x10°/L has been shown [42]. One hundred
and fourteen patients (35 males and 79 females, median
age 68 years, range 40-85 years; median platelet count
788x10°/L, range 533-1240x10 °/L) were randomized to
long-term treatment with HU (n=56) or to no cytoreduc-
tive treament (n=58). During a median follow-up of 27
months, two thromboses (one stroke and one myocardial
infarction) were recorded in the HU-treated group (1.6%
/pt-yr) compared with 14 (one stroke, five transient
ischaemic attacks, five peripheral arterial occlusions, one
deep vein thrombosis and two patients with superficial
thrombophlebitis) in the control group (10.7% pt-yr;
P=0.003).

Hematopoietic impairment, leading to neutropenia and
macrocytic anaemia, is the major short-term toxic effect
of HU. Neutropenia is dose-related and generally quick-
ly reversible if the drug is discontinued for a few days.
Unusual side effects of HU include fever and cutaneous
symptoms [43]. A recently described complication is
painful leg ulcers that are usually difficult to treat and
require cessation of the drug [44]. Withdrawal is fol-
lowed by a rebound of platelet counts. Failure of HU
to provide adequate control of the platelet count was
reported in 6 out of 29 (21%) patients included in a
PVSG protocol [8], and in 9/79 (11%) in a French
series [33].

The role of HU in enhancing the risk of leukaemic
transformations is one of the major issues -currently
under discussion in the question of using chemotherapy
for ET. HU, being a non-alkylating agent, is generally
thought to be non-mutagenic; however, long-term follow-
up studies of HU-treated patients with PV and ET
revealed that some cases developed acute leukemia [45-
48]. These reports cast doubts on the innocence of HU
in the process of leukemogenicity. Even when used as a
single agent in the treatment of PV and ET, the
reported rate of acute leukemia ranges between 3.5 and
10% and this fatal complication is encountered 4-10
years after the start of treatment. Although it is likely
that ET patients have an intrinsic likelihood of acute
leukaemic transformation, the precise incidence in un-
treated patients is not known. A review of the literature
from 1981 to 1994 [49] identified a total of 40 Phl-
negative ET cases transformed into AL after a mean
time from presentation of 6.5 years. Three major factors
appear to facilitate blastic transformation: cytogenetic
abnormalities [46], myelofibrotic features [8] and the use
of other cytotoxic treatments [50]. About 5% of ET

patients have a cytogenetic abnormality, mostly involving
chromosomes 1, 2, 5, 17, 20 and 21. The 17p deletion
has been recently described in a high proportion of ET
patients who developed acute myeloid leukemia and mye-
lodysplasia following treatment with hydroxyurea [48].

When balancing benefits and risks, one can conclude
that there is convincing evidence for giving HU to ET
patients at higher risk for major thrombotic compli-
cations. In contrast, the risk of acute leukemia assoc-
iated with the use of HU is more difficult to accept in
young patients at low-risk for thrombosis. At present,
we recommend using HU only for the treatment of
high-risk ET patients.

5. Busulphan

Busulphan is an alkylating agent with a specific
action on the megakaryocyte proliferation [51]. It should
be given in a dose of 2-4 mg daily, according to
hematological response, under weekly control of platelet
count. After normalization of the platelet count, adequate
long-term control of thrombocytosis can be obtained
with intermittent courses of the drug, allowing long
intervals without the need for therapy. With this sche-
dule, the secondary effects of the drug usually observed
at higher doses, such as bone marrow aplasia, skin
pigmentation, amenorrhea and pulmonary fibrosis, can be
avoided. Alkylating agents, such as chlorambucil, were
associated with an excess incidence of malignancies in
polycythemia vera [52]. Although busulphan was not
found to induce leukemia or other cancers in PV and
ET patients [51,53], concerns about leukemogenicity
suggest to limit its indication to elderly patients, where
the convenience of its use outweigh the potential
leukemogenic risk [5,51].

6. Interferon

Recombinant interferon-a (IFN) is an active agent in
myeloproliferative disorders with cytoreductive activity
that is virtually devoid of mutagenic risk. The rationale
for this drug includes its myelosuppressive activity and
its ability to antagonize the action of platelet-derived
growth-factor (PDGF), a product of megakaryopoiesis
which initiates fibroblast proliferation. The precise me-
chanism of action, however, has not yet been fully
elucidated. In ET patients, IFN has been evaluated in
several cohort studies [reviewed in 54]. Overall results
in a total of 212 patlents indicate that reduction of
platelet count below 600x10°/L can be obtained in about
90% of cases after about 3 months with an average
dose of about 3 million IU daily. Time and degree of
the platelet reduction during the induction phase were
dose dependent. During maintenance the IFN dose could
be tapered, but if IFN is suspended platelet count
rebounds in the majority of patients. IFN is not known
to be teratogenic and it does not cross the placenta.
Thus, it has been used successfuly throughout pregnancy
in some ET patients with no adverse faetal or maternal
outcome.
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Side effects are a major problem with this drug
[54,55]. Fever and flu-like symptoms are experienced by
most patients and usually require contemporaneous admi-
nistration of paracetamol. Signs of chronic IFN toxicity,
such as weakness, myalgia, weight and hair loss, severe
depression and gastrointestinal and cardiovascular symp-
toms, necessitate drug cessation in a relevant proportion
of patients. In a recent review of 273 cases published
in the literature [54], IFN therapy was terminated in
25% (67 cases) against the primary treatment plan. The
rate of withdrawal ranged beween zero and 66% bet-
ween studies. The wide range may be partly explained
by the difference in the observation time lasting from
one month to 4 years in the reported patients. The most
common reasons for withdrawal were IFN-related side
effects in 55% and patient refusal in 10%. Thus far, no
leukemogenic effects have been observed. Therefore,
despite high cost and toxicity, IFN remains a promising
agent in cytoreductive treatment of ET, especially in
younger patients. Clinical studies comparing IFN to HU
or anagrelide (see below) are currently ongoing.

7. Anagrelide

Anagrelide is a member of the imidazo(2,1-b)qui-
nazolin-2-one series of compounds with an inhibitory
activity on platelet aggregation in both humans and ani-
mals. In addition, it has in humans a species-specific
platelet-lowering effect observed at dose levels lower
than those required to inhibit platelet aggregation. Be-
cause of this, the drug has been tested in patients with
clonal thrombocytosis and has been shown to have
potent platelet reducing activity [55-57].

The mechanism whereby anagrelide reduces platelet
count without affecting the white count or normally the
red blood cells is not yet completely understood, but
there are data showing that its major action is the inhi-
bition of megakaryocytic maturation. No chromosomal
damage has been reported in relation to its use. The
efficacy of anagrelide in ET has been assessed in non-
comparative clinical studies [58]. Response was defined
as a platelet count under 500 or 600x10’/1 or a 50%
drop in platelet count. A response rate of 60 to 93%
was reported, irrespectively of age, sex, spleen size,
bleeding time, clinical symptoms or prior treatment. The
average dose required to control platelet count was 2 to
2.5 mg per day and, in most cases, the median time for
response was 3-4 weeks, although delayed responses of
up to 24 months were described. Patients refractory to
HU responded to anagrelide in 68% of cases. Con-
tinuous therapy is required because the platelet count
rebounds in a few days after withdrawal of the drug.

The most serious complications of anagrelide are
cardiac, including palpitations or forceful heart beats
(27% of patients) tachycardia and other arrhythmias (<
10%) and congestive heart failure (2%) [58]. In addi-
tion, the vasodilating effect of the drug is the un-
derlying cause of headache, which is the more frequent
side effect (occurring in more than one-third of pa-
tients), fluid retention or edema (24% of cases), diz-

zness (15%) and postural hypotension. Gastrointestinal
complications (nausea, abdominal pain and diarrhoea)
and transient rash have been reported less frequently.
Sudden death was observed in two patients given
anagrelide: one death was related to a pulmonary infil-
trate and the other to congestive heart failure. Overall,
16% of 424 evaluable thrombocythemic patients with
MPDs, including 262 with ET, discontinued anagrelide
treatment because of side effects. Leukaemic trans-
formation has not been observed for up to 55 months
of treatment.

The long-term efficacy and safety of Anagrelide has
been recently analyzed in 35 young patients with ET
(median age 38 yrs, range 17-48) followed in a single
institution for a median follow-up period of 10.8 years
(range 7-15.5) [59]. The overall initial response rate was
94% and the reduction of platelet count was maintained
in 66% of patients over the study period. Eight patients
(24%) experienced a more than 3 g/dL decrease in
hemoglobin level and three (9%) discontinued treatment
because of toxicity. Most importantly, 7 patients (20%)
experienced a total of 10 thrombotic episodes, while on
therapy, and a similar proportion experienced major bleed-
ing complications. This study suggested that the throm-
bohemorrhagic complications might have been due to
less than optimal platelet cytoreduction with the ana-
grelide doses used. None of the patients developed acute
leukemia. Thus, long-term therapy with anagrelide ap-
pears to be relatively well-tolerated but thrombohemor-
rhagic complications continue to occur. The final place
of this drug in the therapeutic strategy of ET patients
remains to be established in controlled clinical trials,
such as the PTltrial currently ongoing in the U.K.
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