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The haematocrit and platelet target in polycythemia vera
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Polycythemia vera (PV) is a chronic myeloproliferative disor-
der characterised by panmyelosis, splenomegaly, a predispo-
sition to venous and arterial thrombosis, and a possible
progression to myelofibrosis, and acute leukaemia (Spivak,
2002; Schafer, 2006). In PV, the proliferation of a multipotent
haematopoietic progenitor cell leads to the accumulation of
red cells, white cells and platelets. The dominant feature of PV
and the ‘sine qua non’ for its diagnosis remains erythrocytosis,
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Summary

Polycythemia vera (PV) is a chronic myeloproliferative disorder whose major
morbidity and mortality are thrombohaemorragic events and progression to
acute leukaemia or myelofibrosis. Whether the haematocrit and platelet
The
Collaboration on Low-dose Aspirin in Polycythemia Vera prospective study
included 1638 PV patients. A total of 164 deaths (10%), 145 (8-:85%) major
thrombosis and 226 (13-8%) total thrombosis were encountered during
4393 person-years follow-up (median 28 years). In time-dependent
multivariable analysis, a haematocrit in the evaluable range of 40-55% was
neither associated with the occurrence of thrombotic events, mortality nor
with haematological progression in the studied population. The haematocrit
of patients in the highest and lowest deciles at baseline was maintained within
a narrow interval of haematocrit values ranging from 40% to 47%
throughout follow-up. High platelet count was associated with a lower
progression rate to acute leukaemia/myelofibrosis, whereas it had no
significant relationship with thrombotic events or mortality. Our findings
do not suggest that the range of haematocrit (<55%) and platelet counts
(<600 x 10°/1) we encountered in our population had an impact on the
outcome of PV patients treated by current therapeutic strategies.

count predict such complications remains unclear. European

Keywords: polycythemia vera, thrombosis, haematocrit, platelet count.

which is also regarded as the main cause for the most frequent
and serious complications of PV, namely thrombosis and
haemorrhagic episodes (Spivak, 2002; Schafer, 2006).

Current PV treatment recommendations are to maintain the
haematocrit <45% in males, <42% in females, <36% during
pregnancy and the platelet count below 400 x 10°/1 (Spivak,
2002; Schafer, 2006), based on earlier evidence suggesting a
proportional increase of thrombotic events with high haem-
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atocrit and platelet count (Pearson & Wetherley-Mein, 1978;
Schafer, 2006). An aggressive management of these haemato-
logic variables is thus widely practiced, despite the lack of solid
data backing this recommendation (Prchal, 2003; Schafer,
2006).

The European Collaboration on Low-dose Aspirin in
Polycythemia Vera (ECLAP) study was recently concluded
(Landolfi & Marchioli, 1997; Landolfi et al, 2004; Finazzi et al,
2005; Marchioli et al, 2005). This large, prospective multicen-
tre project included 1638 PV patients and provides a unique
opportunity for a comprehensive reassessment of the prog-
nostic value of haematocrit and platelet count relative to
thrombotic events and/or progression to acute leukaemia and
myelofibrosis. The aim of this analysis was to evaluate
haematocrit and platelet count as possible predictors of
thrombotic and/or haematological complications in patients
with PV.

Patients and methods

Patients

The characteristics of the ECLAP study have been described
previously (Landolfi & Marchioli, 1997; Spivak et al, 2003;
Landolfi et al, 2004; Marchioli et al, 2005). Briefly, all patients
with the most current or conventional diagnosis of PV
[diagnosed according to the criteria established by the PV
Study Group (PVSG) (Berk et al, 1995) or by Pearson &
Messinezy, 1996] were included in a prospective study with no
exclusion with respect to age, therapy or duration of disease.
Treatment strategies had to comply with the recommendation
of maintaining the haematocrit below 45% and platelet count
<400 x 10°/1. Data regarding clinical outcomes, treatments
and laboratory values during the prospective follow-up were
recorded at 12, 24, 36, 48 and 60 months of follow-up. The
mean duration of the disease at entry and the duration of the
follow-up were 5:0 and 27 years respectively.

The aims of the current study were to determine whether
haematocrit and platelet count in the ECLAP study may
suggest a ‘specific target value’ to be maintained during the
course of the disease or, in other words, if treatment strategies
should be more or less aggressive to control the disease. We
also attempted to assess if this ‘specific target value’ (if
existent) would impact on thrombotic and neoplastic events.

Outcome events

Outcome events were total mortality, major thrombosis (i.e.
non-fatal myocardial infarction, stroke, deep venous throm-
bosis, pulmonary embolism or cardiovascular death), total
thrombosis (i.e. major thrombosis plus transient ischaemic
attacks, peripheral artery thrombosis or superficial thrombo-
phlebitis), haematological transformation (i.e. leukaemia and
myelodysplasia), and myelofibrosis. Myocardial infarction was
defined as at least two of the following: chest pain of typical

intensity and duration; ST-segment elevation or depression of
1 mm or more in any limb lead of the electrocardiogram, of
2 mm or more in any precordial lead, or both; and at least a
doubling in cardiac enzymes. Stroke was defined as unequi-
vocal signs or symptoms of a neurological deficit, with sudden
onset and duration of more than 24 h. Diagnosis had to be
confirmed by computed tomography, magnetic resonance
imaging or by autopsy. Deep venous thrombosis was defined as
a typical clinical picture with positive instrumental investiga-
tion (phlebography, ultrasonography, impedance plethysmog-
raphy and computed tomography at unusual sites). In case of a
suspected recurrence in a site of previous deep venous
thrombosis, the diagnosis could be accepted if the instrumental
test showed extension or recurrence of thrombosis as com-
pared with previous testing. Pulmonary embolism was defined
by a positive pulmonary angiogram, a high probability
ventilation—perfusion scan or evidence of pulmonary embol-
ism at necropsy. Cardiovascular death included: documented
diagnosis of myocardial infarction or stroke in the absence of
any other evident cause, sudden death, death from heart
failure, and all deaths classified as being cardiovascular in
nature. A transient ischaemic attack was defined as the abrupt
onset of unilateral motor or sensory disturbance, speech defect,
homonymous hemianopsia, constructional apraxia or tran-
sient monocular blindness that resolved completely in <24 h.
Diagnosis and classification of leukaemia and myelodysplasia
were established using the French—American—British Coopera-
tive Group criteria (Bennett et al, 1982, 1985). Myelofibrosis
was defined as the development of leucoerytroblastic blood
picture, in the presence of splenomegaly, corroborated with a
bone marrow biopsy showing diffuse bone marrow fibrosis.

The validation of causes of death, as well as thrombotic and
haemorrhagic events was ensured by an ad hoc committee of
expert clinicians. Each event was validated independently by
two evaluators, and any disagreement was solved by the
chairperson of the study.

Statistical analysis

Cox proportional hazards models were used to evaluate risk,
with censoring at first event, death or last follow-up visit up to
December 2002. Covariates were chosen based on biological
plausibility as confounders and associations with exposure and
outcome in the present population. Multivariate models were
evaluated unadjusted, adjusted for age and gender, and further
adjusted for other potential confounding factors.

Data were explored using multivariate time-dependent
analysis so as to assess whether the level of exposition to a
factor that had been recorded in the last clinical visit before the
outcome event of interest was associated with the probability
of having that event during follow-up. Time-varying covariates
were used to update information on haematocrit, white blood
cell, and platelet counts, and other risk factors at 1, 2, 3, 4 and
5 years. Where appropriate, the substitution of the missing
data for incomplete repeated measures was done with the last
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value carried forward. Indicator variables were used for
missing data on baseline covariates; values were otherwise
carried forward for missing time-varying covariates. Some
covariates (age at recruitment, gender, time from diagnosis to
enrolment, thrombotic or hemorrhagic events prior to
recruitment, history of hypertension, claudication or erythro-
melalgia) were determined only at baseline, whereas others
were updated during follow-up (smoking habits, diabetes
mellitus, total blood cholesterol, splenomegaly, immature cells,
haematocrit, platelet and leucocyte counts, therapeutical
interventions such as phlebotomy, interferon, hydroxycarba-
mide, antiplatelet agents and anticoagulants; as well as
myelosuppressive therapy that included **P, busulphan,
chlorambucil, and pipobroman). For the variables updated
during follow-up visits, the last measurement before an event
was considered in the time-dependent analysis. Haematocrit
and platelet count were tested as continuous variables, median
values, approximate tertiles, quintiles, and deciles depending
on the number of events in each analysis (i.e. robustness of the
model).

Since evolution to either myelofibrosis or leukaemia could
be the cause and not the result of the modification of blood
parameters collected during follow-up, a multivariate analysis
using values measured at baseline was used to assess whether
the level of exposition for a potential-risk predictor captured at
enrolment could be a statistically significant marker of
increased probability of myelofibrosis or haematological
transformation during follow-up.

Tests for trend were calculated by assigning the median
value of each category and evaluating this as a continuous
variable. Stratified analyses were used to assess for effect

Haematocrit and Platelets in Polycythemia Vera

modification, with significance evaluated using likelihood-
ratio testing and multiplicative (exposure times covariate)
interaction terms. Analyses were performed with sas 9.1
software (SAS Inst., Cary, NC, USA). All probability values are
two-tailed; P < 0-05 were considered significant.

Results

The baseline characteristics of the cohort are shown in Table 1.
Six hundred and thirty-three (39%) patients had a prior
history of thrombosis, which was an arterial thrombotic event
in three quarters of the cases (Marchioli et al, 2005).
Cerebrovascular events accounted for two-thirds of arterial
thrombosis, while deep venous thrombosis represented
approximately 40% of vein thromboses. A positive history of
bleeding was present in 8:1% of patients of which 79 (4-8%)
was major bleeding (gastrointestinal, 4-1%; intracranial, 0-7%).
Patients with haematocrit values <45% at baseline were
significantly more likely to have intermittent claudication
and to have had a prior thrombotic or haemorrhagic event
when compared with subjects with higher haematocrit levels.

The proportion of patients with the target haematocrit <45%
was approximately 40% at baseline, 48% at 12 months, 49% at
24 months, 49% at 36 months, 47% at 48 months and 46% at
the end of the study period (Fig 1A). The range of haematocrit
levels was maintained at relatively low values throughout the
study, with only 10% of the patients having a haematocrit
above 50%. With PV treatment, the absolute difference of
haematocrit levels at baseline between the highest and the
lowest decile groups decreased during the whole follow-up
period from 24% to about 5-7% (Fig 1B). Median platelet

Table I. Baseline characteristics of the European Collaboration on Low-dose Aspirin in Polycythemia Vera population according to tertiles of

haematocrit and platelet count.

Haematocrit (%)

Platelet count (x10%/1)

<45 46-50 >50 <300 301-500 >500 Total

(n = 556) (n = 530) (n = 345) (n = 592) (n = 622) (n = 407) (n = 1638)
Females 509 377 339 338 47-0 482 425
Age at diagnosis, years (mean + SD) 615 (12-8) 602 (13:4) 599 (129) 59-0 (13-3) 610 (12-8) 615 (13°5) 604 (13:2)
Age at recruitment, years (mean = SD) 67-3 (12-0) 650 (126) 633 (129) 64-4 (129) 662 (12-3) 655 (127) 654 (127)
Years from diagnosis of 5-8 (50) 4-8 (4-8) 3-4 (4:3) 54 (53) 52 (49) 40 (4'5) 5-0 (5-0)

PV to enrolment (mean + SD)

Prior bleeding 10-1 7:6 58 83 88 69 81
Prior thrombosis 451 387 299 35-0 405 41-8 386
Erythromelalgia 54 53 64 3:0 45 96 53
Intermittent claudication 67 36 32 54 40 4-7 47
Smoke 10-3 136 159 154 10-6 12-8 12-8
Hypertension 426 40-2 39-1 40-4 381 40-5 395
Diabetes mellitus 6'5 74 7-0 69 79 66 7'1
Splenomegaly 383 457 559 41-1 45-8 491 447
Immature cells (any type or number) 43 42 75 49 56 44 51
Packed cell volume (I/1) (mean + SD) 0415 (0-036) 0-476 (0-014) 0-556 (0-044) 0-467 (0-061) 0-470 (0-063) 0-480 (0-065) 0-472 (0-063)
Platelet count (x10%1) (mean = SD) 384 (198) 385 (197) 444 (243) 214 (550) 391 (592) 678 (185) 398 (208)

PV, polycythemia vera.
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Fig 1. Distribution (percentiles) of haematocrit values and platelet count at baseline and during follow-up of 1638 polycythemia vera patients
enrolled in the European Collaboration on Low-dose Aspirin in Polycythemia Vera study. (A) Haematocrit levels distribution in the whole study
population (each time point is shown independently from the other ones). (B) Haematocrit control during follow-up by selecting patients in the
highest and lowest deciles of haematocrit at recruitment. (C) Platelet count at baseline and during follow-up in the whole study population (each time
point is shown independently from the other ones). (D) Platelet count control during follow-up by selecting patients in the highest and lowest deciles

of platelet count at recruitment.

count was 356 x 10°/1 at baseline. Thirty-six per cent of patients
had levels higher than 400 x 10°/1 at 12 months, and 62% had
platelets below this cut-off at 60 months (Fig 1C and D).

Analysis of mortality, major and total
thrombosis and bleeding

In a follow-up of 4:393 person-years (median 2-8 years), a
total of 164 deaths (10%), 145 (8:9%) major thrombosis,
226 (13-8%) total thrombosis, and 35 (2:1%) major bleeds
were observed. At multivariate analysis, major thrombosis
was associated with age above 65 years, history of throm-
[hazard (HR), 1:74; 95% CI. 1-21-2'51,
P = 0-0031], arterial hypertension, and claudication (data

bosis ratio
not shown). Total thrombosis was significantly associated
with age above 65 years, history of thrombosis and inversely
related to antiplatelet therapy. Total mortality was signifi-
cantly associated with age above 65 years, history of
thrombosis, antiplatelet therapy, diabetes, smoking, prior

bleeding and splenomegaly (data not shown).

252

Haematocrit was neither related to any of the thrombotic
outcomes nor to bleeding events in univariate and multivariate
analyses. The risk for major thrombosis remained similar
across haematocrit deciles (Table II and Fig 2A), with analog-
ous results for total thrombosis (Table II and Fig 2B), and
mortality (Table IT and Fig 2C). When compared to patients
with haematocrit levels <45%, those with haematocrit above
45% had a comparable risk of death (HR 0-85; 95% CI:
0-60-1-31, P = 0-3761), major thrombosis (HR 0-94; 95%
CI: 0:65-1-36, P = 0-7396) or total thrombosis (HR 0:97; 95%
CI: 0-72-1-30, P = 0-8171). The results of unadjusted analyses
for haematocrit levels did not change meaningfully in the four
progressively adjusted, time-dependent predictive models
(Table II).

As shown in Fig 3B and C, platelet count was neither
significantly associated with thrombotic events nor with total
mortality. Major thrombotic events occurred in 83% of
patients with a platelet count at baseline above 400 x 10°/1 vs.
9:3% of those with lower platelet levels (HR 0-96; 95% CI:
0-66-1-38, P = 0-8107).
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Age, disease duration and history of bleeding were the only
variables significantly associated with the risk of total bleeding
during follow-up. A history of previous bleeding was corre-
lated with subsequent major bleeding (data not shown). There
was no association between haematocrit or platelet count and
total bleeding or major bleeding events.

Analysis of haematological transformation

There were 22 (1:3%) cases of acute leukaemia and 38 (2:3%)
myelofibrosis. Age 270 years and cytoreductive drugs (other
than hydroxycarbamide and interferon) predicted the risk of
leukaemia, whereas a long disease duration was significantly
associated with an increased risk of developing myelofibrosis
(Marchioli et al, 2005).

High haematocrit was not associated with progression to
leukaemia, whereas haematocrit values above the third tertile
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Fig 3. Time-dependent multivariable analysis for (A) major throm-
bosis, (B) total thrombosis, and (C) and total mortality according to
deciles of platelet count. Circles with vertical bars indicate hazard ra-
tios along with their 95% CI. Reference category denotes lowest decile.
When the 95% CI (vertical line) crosses the line of no effect (horizontal
line) the results are not statistically significant.

(above 50%) seemed to predict a higher risk for myelofibrosis
(HR 1-84; 95% CI: 0-71-4-79, P = 0-2101) (Table III). Patients
with a platelet count in the second (301-500 x 10°/1) or third
category (above 500 x 10°/1), respectively, had a 54% (HR
0-46; 95% CI: 0-21-1-02, P = 0-0550) and 66% (HR 0-34; 95%
CL: 0:12-0-97, P = 0-0431) lower risk of myelofibrosis when
compared to those with platelets in the reference category
(platelet count <300 x 10°/1). However, when we assessed the
prognostic role of the haematocrit and platelet count measured
at baseline, no statistically significant association could be
found.

Discussion

The present analysis of outcome events during follow-up with
the more recent laboratory data obtained before the occur-
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Table III. Multivariable analysis on the relative risk of haematological transformation and myelofibrosis among 1638 men and women with
polycythemia vera using baseline values and time-varying covariates.

Hazard ratio (95% CI) P-value

Haematocrit (%)

Platelet count (x10°/1)

46-50 (n = 530)

>50 (n = 345)

301-500 (n = 622)

>500 (n = 407)

Haematological
transformation (n = 22)
Baseline analysis
Time-dependent analysis
Myelofibrosis (n = 38)
Baseline analysis
Time-dependent analysis

2-18 (073-6'55) 01632
136 (0-48-3-86) 0-5645

0-71 (0-31-1-62) 0-4152
0-56 (0-23-1-35) 0-1951

0-74 (0-17-3-23) 0-6914
0-43 (0-05-3-81) 0-4482

1-35 (0-54-3-39) 05236
1-84 (0-71-4:79) 0-2101

0-55 (0-18-1-65) 0-2852
0-14 (0-03-0-62) 0-0101

1-32 (0-58-3-01) 0-5081
0-46 (0-21-1-02) 00550

0-39 (0-09-1-60) 0-1904
0-64 (0-18-2-31) 04966

0-97 (0-35-2-70) 0-9458
0-34 (0-12-097) 0-0431

Haematocrit or platelet count (three categories each, in two separate analyses), adjusted for age (three categories), gender, time from polycythemia

vera diagnosis to recruitment (five categories), thrombotic or haemorrhagic events prior to recruitment (yes/no), smoking (yes/no), history of

diabetes (yes/no), hypertension (yes/no), claudicatio intermittens (yes/no), erythromelalgia (yes/no), splenomegaly (yes/no), circulating immature
cells (yes/no), leucocyte count (tertiles), total blood cholesterol (tertiles), haematocrit or platelet count (three categories each, in the pertinent model),

phlebotomy use (yes/no), interferon use (yes/no), hydroxycarbamide use (yes/no), antiplatelets use (yes/no), anticoagulant use (yes/no), **P use (yes/

no), busulphan use (yes/no), chlorambucil use (yes/no), and pipobroman use (yes/no) (reference categories: haematocrit <45%, n = 556; platelet

count <300 x 10°/1, n = 592).

rence of that same event and its results does not support a
prognostic value of haematocrit in PV complications, namely
thrombosis events, haematological progression and myelofi-
brosis. While significantly higher at baseline, the haematocrit
of patients in the highest decile was conservatively reduced by
treatment, to levels comparable with the median value of
haematocrit during follow-up. The same phenomenon,
although in the opposite direction, was observed for patients
in the lowest decile of haematocrit at baseline. With the
extremes of haematocrit distribution maintained throughout
follow-up, within a narrow interval around 45% (Fig 1B), high
haematocrit was neither found as a significant predictor of
death, thrombotic events nor haematological progression. Our
findings suggest that high platelet count might be associated
with a decreased risk of haematological transformation and
myelofibrosis.

Thrombosis, myelofibrosis and acute leukaemia frequently
complicate the course of PV (Spivak, 2002; Spivak et al, 2003).
The relevance of the haematocrit and platelet count in
predicting any of these outcomes has not been clearly
established in prospective studies. According to a recent survey
conducted among North America haematologists, there seems
to be little consensus and high variability over the control of
the haematocrit and/or thrombocytosis in PV (Streiff et al,
2002). Such heterogeneity in current clinical practice might
possibly reflect the uncertainty over the benefit of strict
haematocrit and/or thrombocytosis control.

Mortality, major and total thrombosis, and bleeding

Based on some initial observations suggesting a higher risk of
thrombosis at moderately increased haematocrit levels, it has
been advised that the haematocrit should be maintained below
45% in males and 42% in females (Pearson & Wetherley-Mein,
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1978; Spivak et al, 2003). The haematocrit could increase the
risk of thrombosis by several mechanisms, such as raising
blood viscosity, impacting on nitrous oxide level or by
enhancing platelet—vessel wall interactions (Spivak, 2002;
Schafer, 2006). Data in support of an association between
elevated haematocrit and thrombotic events, however, have
not been always concordant (Wehmeier et al, 1991; Berk et al,
1995).

The PVSG-01, the largest prospective PV cohort together
with the ECLAP, included 431 patients (Berk et al, 1995). In
the PVSG-01, no haematologic parameter measured at the
closest observation prior to the thrombotic event was associ-
ated with increased risk of thrombosis. In addition, patients of
the PVSG protocol developed thrombotic complications when
the haematocrit was reasonably well controlled by phlebotomy
or myelosuppression. Other studies suggested that haematocrit
did not correlate with thrombosis in Chuvash polycythemia
(Gordeuk et al, 2004; Gordeuk & Prchal, 2006), while large
studies of patients with polycythemia of high altitude or
resulting from Eisenmenger syndrome and other cyanotic
heart diseases do not support the haematocrit as the only
factor causing thrombosis (Thorne, 1998; Vongpatanasin et al,
1998; Prchal & Beutler, 2005). Although haematocrit levels
could be not strictly correlated with red blood cell mass, which
has been suggested to be the real causative factor associated
with the risk of thrombosis in PV (Spivak, 2002), our findings
are in agreement with these previous results and do not
support a predictive value of haematocrit for death or
thrombotic events in patients receiving current antithrombotic
and cytoreductive treatments, the latter allowing the haema-
tocrit level to be maintained below 45% in half of PV patients
and below 50% in more than 90% of PV subjects.

Several differences might explain the conflicting data
between the initial observations (Pearson & Wetherley-Mein,
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1978) and later studies. First, previous studies included a
limited number of patients who did not receive an adequate
control of cardiovascular risk factors, antihypertensive and
antiplatelet therapy, and cytoreductive therapy as in the
ECLAP. Moreover, methodological limitations, such as the
use of univariate analysis and of not taking into account
the dependency of observations, might have biased some
previous conclusions (Pearson & Wetherley-Mein, 1978).

A correlation between haematocrit and cardiovascular
disease has been previously reported in patients without PV
(Sorlie et al, 1981; Erikssen et al, 1993; Brown et al, 2001; Irace
et al, 2003). Differences in study populations or the use of
haematocrit measurements at inclusion, rather multiple deter-
minations and a time-dependent analysis, and a univariate
analysis of the data may partially explain the contrasting
results.

Despite the widespread belief that thrombotic tendency in
PV may be related to thrombocytosis, no study to date, either
prospective or retrospective, has demonstrated a significant
correlation between platelet number or function and throm-
bosis (Spivak, 2002; Schafer, 2006). In the PSVG study, platelet
counts at the nearest times before the thrombotic events did
not predict thrombosis (Berk et al, 1995). Accordingly, we did
not find any association between platelet count and throm-
botic events. Neither the currently proposed target of
400 x 10°/1 nor any of the platelet count deciles predicted a
higher risk of thrombosis. In our study, the platelet count
remained relatively high during the whole study period, which
seems to suggest that current PV treatment does not primarily
aim at lowering the platelet count (Fig 3).

Platelet activation, rather than platelet count, might be an
important determinant of thrombotic events in PV. While no
specific platelet abnormality seems to correlate to an increased
thrombotic risk, platelet activation, as indicated by increased
thromboxane B formation, has been described in PV (Landolfi
et al, 1992; Murphy, 1995). Accordingly, the trial component
of the ECLAP study recently showed a significant 60%
reduction of the combined endpoint of non-fatal myocardial
infarction, non-fatal stroke or death from cardiovascular
causes in PV patients assigned to aspirin, when compared
with those receiving placebo (Landolfi et al, 2004).

Recently, a point mutation (V617F) in JAK2 has been
described in 70-95% of PV patients (Schafer, 2006) and
preliminary data suggest a pivotal role of this mutation in the
PV phenotype. New biomarkers, such as JAK2, may prove
useful in future but more extensive research is needed to clarify
their predictive role and their utility as surrogate endpoints.

A high platelet count has been associated with a haemor-
rhagic diathesis in patients with PV and the literature has
rather consistently showed that a reduction of platelet count
with myelosuppressive therapy reduces the bleeding rate
(Chien & Gallik, 1995; Schafer, 2006). In the PSVG-05 trial,
high platelet count tended to be associated with a higher risk of
haemorrhage not thrombosis (Berk et al, 1995). A higher
bleeding risk at high platelet count could be explained by von

Willebrand factor deficiency caused by an increased clearance
through platelet-dependent mechanisms. Our study does not
confirm a pro-haemorrhagic tendency in patients with a high
platelet count, although the proportion of patients with
extreme thrombocytosis was very low.

Haematological transformation and myelofibrosis

The prognostic value of the haematocrit or platelet count for
PV progression to leukaemia/myelofibrosis has not been
investigated. In the current analysis, we found no association
between haematological progression and haematocrit whereas
there was a trend for a higher risk of myelofibrosis at
haematocrit levels above the highest tertile (HR 1-84; 95% CI:
0-71-4:79).

Haematological complications seemed to occur more
frequently in patients with a low platelet count. During
follow-up, in the time-dependent analysis, patients with
platelets <300 x 10°/1 had a more than threefold and twofold
higher risk of developing acute leukaemia (HR 3-69; 95% CI:
1:31-10-45, P = 0-0138) and myelofibrosis (HR 2-40; 95%
CI: 1-18-4-87, P = 0-0157), respectively, than for higher
platelet counts. Such an association, however, could be due
to the development of haematological transformation,
although a non-statistically significant high rate of haema-
tological malignancy was evident at baseline in subjects with
a low platelet count. The association between haematocrit or
platelet count and haematological transformation remains
unclear. It could be speculated that high haematocrit and/or
low platelets identify a subgroup of patients with a more
aggressive form of the disease who are more likely to develop
haematological complications. However, the relatively low
absolute number of cases of leukaemia—myelofibrosis in the
ECLAP study, while comparable with previous trials (Finazzi
et al, 2005), does not enable firm conclusions to be drawn.
Thus, the present findings have to be taken with caution and
need confirmation in large prospective trials.

In summary, the results of the present analysis seem not to
support a prognostic importance of haematocrit and platelet
count in PV and challenge the need for an aggressive control of
these parameters in patients with PV for the prevention of
thrombohaemorrhagic complications. The current findings,
together with currently available evidence, underscore the lack
of specific therapeutic targets in the management of PV.
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Appendix 1

Principal ECLAP investigators (recruiting 40 or more
patients in the study)

Austria: Vienna: Department of Haematology and Blood
Coagulation (108) H Gisslinger.

Italy: Bergamo: Ospedali Riuniti (116) T. Barbui, G. Finazzi,
S. Pusterla, A. Falanga, M. Galli. Bologna: Policlinico S Orsola
(40) S. Tura, C. Finelli, G. Marino. Monza: MI — Ospedale S
Gerardo (76) E. Pogliani, L.R. Miccolis, A. La Rocca. Padova:
Universita II Padova, Dip. Scienze Mediche e Chirurgiche (90)
M.L. Randi. Reggio Emilia: Ospedale di Reggio Emilia (44) L.
Gugliotta, F. Tlariucci. Venezia: USL 12 Veneziana, Ospedale S
Giovanni e Paolo (42) T. Chisesi, A. Polacco. Venezia-Mestre:
Ospedale Umberto I (72) T. Chisesi, G. Capnist.

Sweden: Goteborg: Sahlgrenska Hospital (59) J. Kutti, H.
Wadenvik.
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Other ECLAP investigators

Austria: Innsbruck: Univ. Klink f. Innere Medizin (5) G. Gastl,
Ch. Ludescher, M. Fiegl. Linz: Krankenhause der Elisabethinen
(9) D. Lutz, M. Girschikfsky — Krankenhaus der Barmherzigen
Schwestern (4) G. Michlmayr, E. Rechberger. Wr Neustadt —
Krankenhaus Wr Neustadt (7) H. Niessner, E. Ivansich.

France: Paris: Hopital Saint Louis (37) J.D. Rain,
C. Chommienne-Thomas.

Germany: Mannheim: Klinikum Der Stadt Mannheim (4) R.
Hehlmann, G. Engelich. Ulm: Universitits-Kinderklinik Ulm
(2) E. Kohne, A. Kramer.

Greece: Thessaloniki: ‘Theagenion’ Cancer Centre (10)
J.I. Christakis, M. Papaioannou, G. Gerotziafas — ‘Papageorgiu’
General Hospital (2) J. Korantzis, P. Marinaki, A. Kioumi, I.
Katodritou.

Ireland: Dublin: St Vincent’s Hospital (1) D. McCarhty —
Beaumont Hospital (6) R. O’Donnell.

Israel: Afula: Haemek Medical Centre (3) M. Bennett.
Ashkelon: Barzilai Medical Centre (7) G. Lugassy. Kfar Saba:
Meir Hospital (20) M. Ellis. Tel-Aviv: Tel-Aviv Souraski
Medical Centre (29) A. Eldor, E. Naparstek, R. Marilus.

Italy: Ancona: Ospedale Nuovo di Torrette (31) P. Leoni,
S. Rupoli, A.R. Scortechini, V. Agostini. Avellino: Ospedale S
Giuseppe Moscati (12) E. Volpe, F. Palmieri, A. Volpe,
G. Storti, A. Ciampa. Bari: Universita degli Studi, Policlinico
(18) F. Dammacco, V.M. Lauta, G. Ranieri, R. Rizzi. Brescia:
Spedali Civili di Brescia (24) G. Rossi, C. Almici, A. Capucci,
F. Zanetti. Castrovillari CS: Ospedale Civile (2) F. Laghi,
G. Micciulli. Catania: Ospedale Ferrarotto (33) R. Giustolisi,
R.R. Cacciola, E. Cacciola. Catanzaro: Azienda Ospedaliera
‘Pugliese — Ciaccio’ (18) A. Peta, D. Magro. Como: Ospedale
‘Valduce’ (21) G. Frigerio, F. Alberio, A. Beretta. Cuneo:
Azienda Ospedaliera S Croce e Carle (16) M. Bonferroni,
Raviolo. Firenze: Policlinico di Careggi (29) P.L. Rossi Ferrini,
A. Grossi, A. Fabbri. Genova: Cattedra di Ematologia (9)
M. Gobbi, I. Pierri, M. Cavaliere. Latina: Ospedale Civile (30)
S. Nardelli, A. Centra. Messina: Policlinico Universitario di
Messina (13) C. Musolino, G. Bellomo, O. Tringali, G. Spatari.
Milano: Azienda Ospedaliera Ospedale S Paolo (30) P. Foa,
G. Gerli, M.C. Carraro — Policlinico Ospedale Maggiore (8)
A. Zanella, A. Iurlo, F. Barraco. Modena: Clinica Medica II,
Policlinico (8) G. Torelli, M. Marietta. Montebelluna: TV —
Ospedale di Montebelluna (11) A. Puglisi, G. Sardeo. Napoli:
Facolta di Medicina Universita Federico II (31) B. Rotoli,
V. Martinelli, R. Ciancia — Policlinico, Pad 3°, 2° (2)
A. Abbadessa, O. Villani — Azienda Ospedaliera ‘A Cardarelli’
(10) R. Cimino, A. Fasanaro. Parma: Cattedra di Ematologia,
Universita di Parma (10) V. Rizzoli, C. Caramatti, Gaeta.
Pavia: IRCCS Policlinico San Matteo, Universita di Pavia (20)
M. Lazzarino, F. Passamonti, M. Lazzola, L. Malabarba.
Pescara: Ospedale Civile e Centro Scienze dell'Invecchiamento
dell’Universita G. D’Annunzio (36) D. Natale, G. Davi,
S. Pulini. Roma: Universita Cattolica del Sacro Cuore (8)
R. Landolfi, E. De Candia — Ospedale S Eugenio, Universita

Tor Vergata (15) S. Amadori, F. Buccisano — Universita la
Sapienza (17) F. Mandelli, E. Montefusco, M.C. Petti,
A. Spadea. S Giovanni Rotondo: FG — Ospedale Casa Sollievo
Della Sofferenza (28) M. Carotenuto, A. Morelli, M. Nobile.
Sassari: Universita di Sassari (9) M. Longinotti, S.M. Pardini.
Siena: Ospedale di Siena (21) F. Lauria, A. Buccalossi,
S. Gentili. Taranto: Ospedale Nord (6) P. Mazza, M. Cervell-
era, A. Maggi. Teramo: Ospedale Civile G. Mazzini (1) A. Di
Francesco, E. Pasqualoni. Vicenza: Ospedale di Vicenza (31)
F. Rodeghiero, M. Ruggeri. Udine: Policlinico Universitario
(5) M. Baccarani, D. Russo.

Spain: Barakaldo: (Vizcaya) — Hospital de Cruces (19)
B. Arrizabalaga. Barcelona: Hospital Santa Creu Y San Pau (2)
A. Remacha. Burgos: Hospital General Yagiie (12) B. Pérez De
Mendiguren. La Laguna: (Santa Cruz de Tenerife) — Hospital
Universitario de Canarias (4) L. Hernandez-Nieto, M.T.
Hernandez-Garcia, G. Gonzalez-Brito, P. Machado. Leén:
Hospital de Ledn (5) G. Garcia. Madrid: Hospital Universitario
S Carlos (12) A. Villegas, A. Pefia, A. Gonzalez Fernandez.
Valencia: Hospital General Universitario (2) F. Carbonell —
Hospital ‘Peset’ (6) A. Del Arco.

Sweden: Boras: Bords Hospital (15) H. Bick. Danderyd:
Danderyd Hospital (1) L. Stenke. Eksjo: Hoglands Hospital (2)
S. Hansen. Huddinge: Huddinge Hospital (3) J. Samuelsson.
Hudiksvall: Hudiksvall Hospital (5) L. Nezadal. Kristianstad:
Kristianstad Hospital (15) G. Larsson. Kungilv: Kungilvs
Hospital (3) G. Stromblad. Lulea: Lulea Hospital (11) B. Lauri.
Motala: Motala Hospital (1) B.O. Ryden. Norrkoping: Vrinn-
evi Hospital (2) T. End. Orebro: Orebro Medical Centre
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