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Abstract The evidence that leukocytes may contribute to
the pathogenesis of thrombosis in Chronic Myeloprolifer-
ative Neoplasms is increasing but not definitive. To further
enforces whether an increased leukocyte count is associated
with thrombosis and whether this effect can be modulated
by cytoreductive therapy, we analyzed the clinical course of
187 patients with Polycythemia Vera (PV) and Essential
Thrombocythemia (ET) followed at two Italian Institutions
over a period of 7 years. The association was measured at
diagnosis or before thrombotic events: a multivariable
analysis was carried out using data at baseline and time-
dependent covariates. We found that white blood cells
(WBC) count above 9.5×109/L at diagnosis (baseline
analysis) was associated with thrombosis during the
follow-up (Hazard Ratio [HR] of 1.8, p 0.03). At the
time-dependent analysis, therapy with hydroxyurea (HU),
lowering by 35% the baseline WBC level, reduced such
strength of association giving a HR of 1.3 (p value non
significant). We found a trend between WBC level and
thrombosis in untreated low-risk patients (RR of 1.9, 95%
CI 0.9 to 3.1); in high-risk patients treated with HU this
correlation was clearly lost (RR 1.1, 95% CI 0.2 to 2.7).

Finally, we could not identify the presence of JAK2V617F as
a risk factor for thrombosis. Properly designed prospective
studies should corroborate such results.

Keywords Leukocytosis . Thrombosis .
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Introduction

The Ph-negative myeloproliferative neoplasms (MPNs;
namely polycythemia vera [PV], essential thrombocythemia
[ET] and primary myelofibrosis [PMF]) are characterized
by clonal proliferation of hematopoietic precursors leading
to an increased production of erythrocytes as well as
leukocytes and platelets. These diseases are usually com-
plicated by thrombosis, with a rate of major thrombosis as
high as about 50% [1–4]. Advanced age and a prior history
of thrombosis are the two most important risk factors for
vascular complications, while hyper-cholesterolemia, hy-
pertension, smoking, and diabetes have been recognized as
predictors of thrombosis [1–4]. In the last few years, new
information on the pathogenesis of thrombosis in MPNs
became available, including the role of leukocyte activation
and interaction with platelets as well as the presence of
JAK2V617F mutation [5, 6]. Very recently, leukocytosis has
been reported as an independent risk factor for thrombosis
in both PV and ET [7–10] and this is particularly true in
“low-risk” patients who normally do not require cytore-
ductive therapy. However, additional data are required to
firmly establish the role of such predictors for thrombosis
as well as their clinical advantage. We analyzed the
prognostic role of white blood cell values for developing
thrombosis in a cohort of patients affected by PV and ET.
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Materials and methods

Patients

Our population consisted of 187 patients with ET (88) and
PV (99) regularly followed-up at two Hematology Divi-
sions from 2000 to 2007. Polycythemia vera and ET were
diagnosed according to Polycythemia Vera Study Group
(PVSG) criteria [11] or by Pearson et al. [12]; only patients
with confirmed diagnosis were included in the follow-up.
The time elapsed from diagnosis to referral is reported in
Table 1. Data regarding laboratory values, treatments, and
clinical outcomes were collected at diagnosis and every
6 months during the follow-up. JAK2V617F mutation was
assessed in 78 cases (41.3%). Patients were classified as
being at low or high risk for thrombosis according to
standard risk factors (age 60 years and/or a previous major
thrombotic event) and managed accordingly [13]. Treat-
ment strategies (based on hydroxyurea [HU], anagrelide or
α-Interferon) had to comply with recommendation of
maintaining hematocrit below 0.45 and the platelet below
400×109/L for patients with PV and platelets below 600×
109/L in patients with TE

Diagnosis of thrombosis

The thrombotic events had to be occurred after referral to
our hematology center or in the 6 months preceding the
diagnosis. Vascular events included ischemic stroke, cere-

bral transient ischemic attack (TIA), acute myocardial
infarction (AMI), peripheral arterial thrombosis (PAT), and
venous thromboembolism (VTE). Diagnostic procedures
for establishing thrombosis included cerebral computed
tomography (CT) or magnetic resonance imaging for
stroke, characteristic neurologic symptoms for TIA, elec-
trocardiography and/or increased cardiac enzymes for AMI,
angiography for PAT, and ultrasonography of the arms or
legs or pulmonary ventilation−perfusion scan or CT scan
for VTE. The median duration of the follow-up was
3.2 years (0.4−7 years).

JAK2V617F mutation analysis

DNAwas extracted from peripheral blood of 187 patients at
diagnosis. Allele-specific PCR for the detection of
JAK2V617F was performed on a ABI 7900 HT real time
PCR system (Applied Biosystems) using specific Taqman
primers for the mutated allele and for the non-mutated
sequence as previously described [14].

Statistical methods and ethics

We performed univariate and multivariate analyses. The
first was performed for evaluating differences in propor-
tions by the chi-square and Fisher exact tests, while
differences in continuous variables were tested by the t
test. Two different multivariable approaches were used.
Firstly, a multivariable analysis using values measured at

Characteristics Data

PV/ET, no 99/88

Sex (M/F), no. 75/112

Mean age at diagnosis,±SD year (range) 66..2±12.8

Median WBC (range), ×109/L 9.5 (3.7−24.8)
Median Hg (range), g/dL 14 (9.7−18.8)
Median PLT (range), ×109/L 726 (145−1380)
JAK2V617F mutation (%)a 41.7

Time from diagnosis to referral, no. (%)

<5 years 111 (59.3)

>5 years 76 (40.6)

Treated patients, no. (%)

No treatment 49 (26.6)

HU, anagrelide, α-IFN 127 (67.9), 5 (2.6), 6 (3.2)

Antiplatelets 103 (55)

Any vascular events, no. (%) 73 (39)

6 months before or at the time of diagnosis 59/73 (80.8)

In the follow-up 14/73 (19.2)

Arterial thrombosisb 38 (52.1)

Venous thromboembolismc 35 (47.9)

Table 1 Main characteristics of
187 patients

a All heterozygous
b Including acute miocardial in-
farction, peripheral arterial
thrombosis, stroke
c Including deep vein thrombosis
and/or pulmonary embolism
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diagnosis was used to assess whether the level of
exposition for a potential risk predictor, evaluated at
diagnosis, could be found to be a statistically significant
marker of increased probability of recurrence of thrombo-
sis during the follow-up. The relative multivariable model
has been fitted after adjusting for sex, standard risk factors
for thrombosis (age≥60 years and/or previous thrombosis)
and median levels of white blood cell count, hemoglobin
level, hematocrit, and platelet count registered at diagno-
sis. Secondly, the database was explored using Cox
proportional-hazards model with time-varying covariates
to evaluate risk and with right censoring at the first
thrombotic event or last date of follow-up. This analysis
included fixed (sex and standard risk factors) and time-
varying variables (treatments and median levels of
hemoglobin, hematocrit, white blood cells [WBC], and
platelets).

The study was conducted according to good clinical and
laboratory practice rules and the principles of the Declara-
tion of Helsinki. Informed consent was obtained for each
subject.

Results

The characteristics of the 187 patients are shown in Table 1.
Fifty-nine episodes of vascular thrombosis were registered
at the time of diagnosis or in the six previous months
(31.5%). During the follow-up, 14 additional cases oc-
curred; totally 73 thrombotic events had occurred (39.0 %).
The distribution of events is reported in Table 1.

Parameters at diagnosis associated with thrombosis
registered in the follow-up (at univariate analysis) were
age≥60 years and previous history of thrombosis (p 0.02)
and leukocyte count above the median level of 9.5×109/L
(p 0.03). No other significant associations were found

regarding arterial and venous thrombosis evaluated sepa-
rately, sex, median levels of hemoglobin, hematocrit, and
platelet count.

Accordingly to previous studies [8, 9], two statistical
multivariable analyses were performed: (a) the baseline
analysis considered the variable at diagnosis (taking in
account sex, standard risk factors for thrombosis and
median levels of hemoglobin, hematocrit, platelets,
WBC). This analysis showed a significant association
between standard risk factors and high levels of WBC with
the occurrence of thrombosis in the follow-up. (b) The
“time-dependent” analysis considered covariates taking into
account the last value of blood cell counts measured before
vascular events (Table 2). In such population, conventional
risk factors for thrombosis maintained their value; however,
considering HU influence, the role of WBC for determining
thrombosis was lost in patients in whom cytoreductive
therapy significantly reduced leukocyte median value by at
least 35% from the baseline level of 9.5×109/L. In both the
analyses, high platelet count did not show any correlation
with an increased risk for thrombosis. The association
between leukocytosis and thrombosis was considered
separately in PV and ET patients, producing a Hazard
Ratio (HR) of 1.6 (95% CI 0.4 to 2.8, p 0.07) and of 1.7
(95% CI 0.5 to 3.1, p 0.09), respectively.

We also evaluated the interaction between conventional
risk categories and WBC levels accordingly to risk profile.
In low-risk patients, a trend (but not significant) was found
between high WBC and thrombosis (relative risk [RR] 1.9,
95% CI 0.9 to 3.1); in high-risk patients, this correlation
was clearly lost (RR 1.1, 95% CI 0.2 to 2.7).

Considering the role of JAK2V617F mutation, this was
evaluated in 78 patients (46 PV and 32 ET); either the
multivariate or univariate analysis did not found this
mutation to be a significant predictor for thrombosis (HR
0.8, 95% CI 0.4 to 1.9).

Table 2 Multivariate analysis using patients’ characteristics at baseline and time-dependent on the risk for thrombosis in the follow-up

Risk factors Baseline analysis Time-dependent analysis

Hazard ratio (upper 95% CI) p value Hazard ratio (upper 95% CI) p value

Sex, M/F 1.5 (3.2) Ns 1.32 (2.8) Ns

Conventional risk factors 1.9 (3.6) 0.04 1.6 (3.5) 0.04

HU NA 0.8 (0.9) 0.03

Antiplatelets NA 0.7 (0.8) 0.02

WBC count>9.5×109/L 1.8 (3.4) 0.03 1.3 (2.9) Ns

Hg>14 g/dl 0.4 (1.2) Ns 0.5 (1.3) Ns

HCT>0.45 1.3 (1.8) Ns 1.4 (3.3) Ns

PLT>700×109/L 0.9 (1.8) Ns 0.9 (1.7) Ns

CI Confidence intervals, M/F male/female, HU hydroxyurea, WBC white blood cells, Hg hemoglobin, HCT hematocrit, PLT platelets
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Discussion

Our study shows that in patients with MPNs, an increased
number of WBCs is a relevant marker of thrombosis; this
characteristic is lost when effective cytoreductive therapy
decrease leukocytes of about 35% from the baseline median
level. These results confirm previous reports in patients
with PV and ET.

Carobbio et al. in a population of 439 ET patients found
that an increased leukocyte count at diagnosis (median level
of 8.7×109/L) was associated with thrombosis during
follow-up (“baseline analysis”, RR 2.3, 95% CI 1.4 to
3.9, p 0.001) [8]. Therapy with HU lowered leukocytosis and
reduced the strength of the association between leukocytosis
and thrombosis (“time-dependent analysis”, RR 1.6, 95% CI
0.9−2.0, not significant). The association of leukocytosis and
thrombosis was more evident in untreated low-risk patients
(RR 2.7, 95% CI 1.2-6.4, p 0 .01) compared with treated
high-risk patients (RR 1.6, 95% CI 0.8−3.2). Finally, the
presence of JAK2V617F was not identified as a risk factor for
thrombosis during follow-up despite a significant associa-
tion between the mutation and leukocytosis.

Landolfi et al. evaluated 1,638 polycythemic patients
[9]. The time-dependent analysis adjusted for potential
confounders showed that patients with a white blood cell
count above 15×109/L, compared with those with a white
blood cell count below 10×109/L, had a significant increase
in the risk of thrombosis (HR, 1.71; 95% CI, 1.10−2.65;
p 0.017), mainly deriving from an increased risk of myo-
cardial infarction (HR, 2.84; 95% CI, 1.25−6.46; p 0.013).
Authors’ conclusions were that leukocyte count may help in
defining the vascular risk of polycythemic subjects.

Very recently, Kundranda et al., in a retrospective analysis
of 239 patients (180 with PV and 59 with ET) found that
WBC and platelet counts were found to be positively
associated with the presence of thrombosis (p 0.001) [10].
The proportion of patients with thrombosis for the group
with leukocyte count above 10×109/L were significantly
higher than that for the group with WBC counts<10×109/L.
There was also a significant association between the
presence of JAK2V617F mutation and thrombosis.

Wolanskyj et al., in patients with ET, reported that age,
previous thrombosis, and leukocytosis were independent
risk factors for both major thrombosis and a poorer long-
term survival when evaluated at diagnosis [4]. Such results
were further confirmed by Gangat et al. in a population of
459 PV patients [15].

In all these investigations except one [10], platelet
number did not show any correlation with the vascular
events and the contribution of platelet number to major
thrombotic events remains poorly established.

The thrombogenic role of WBCs in MNPs has been
explained by several investigations that showed that in

these disorders, neutrophils circulate in an activated state
and are able to bind to platelets in a dynamic adhesive
process, which reflects the activation of both platelets and
leukocytes [5, 6].

The role of JAK2V617F, mutation as independent factor
for thrombosis is still debated [7, 16–20]. In our series, we
did not find any significant role of JAK2V617F for predicting
thrombosis, but some limit of our analysis should be
considered because we cannot exclude that this may reflect
an inadequate sample size.

According to our and others results, patients previously
classified as “low-risk” but carrying high WBC level might
be considered for cytoreductive therapy because of the
intrinsic high risk for thrombosis [21]. However, the best
leukocyte cut-off values for predicting these events still
require clinical validation.

In clinical practice, we need to be cautious. First of all,
these results did not come from prospective studies and
some potential bias may be present. Then, some inves-
tigations did not find correlation between high WBC level
and thrombosis. Recently, Gangat et al. evaluated 407
“low-risk” patients (153 with PV and 254 with ET) [22];
leukocyte count, considered as either a continuous or
categorical variable (using cut-off levels of 15×109/L for
PV and either 15×109/L or 9.4×109/L for ET), was not
significantly associated with either arterial or venous
thrombosis. However, direct comparison across these
studies is not easy to attempt.

In conclusion, the association between leukocytosis and
thrombosis appears to be a clinically important issue in
patients with MPNs, especially in those who usually do not
require cytoreductive therapy. The clinical value of such
results needs to be confirmed in prospective properly
designed trials.
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