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Abstract Evidence suggests that the JAK2 V617F muta-
tion is associated with an increased risk of first thrombosis
in patients with essential thrombocythemia (ET). Whether
this mutation is also a risk factor for recurrent thrombosis is
currently unknown. To investigate the impact of the JAK2

V617F mutation on the risk of recurrent thrombosis in
patients with ET, we carried out a multicentre retrospective
cohort study. We recruited 143 patients with previous
arterial (64.4%) or venous major thrombosis (34.8%) or
both (0.8%); 98 of them (68.5%) carried the mutation.
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Thrombosis recurred in 43 of the patients (30%); overall,
after adjustment for sex, age, presence of vascular risk
factors, and treatment after the first thrombosis, the
presence of the JAK2 mutation did not predict recurrence
(multivariable hazard ratio, HR, 0.88, 95% CI 0.46−1.68).
Indeed, the individuals homozygous for the JAK2 V617F
(allele burden >50%) mutation had an increased risk of
recurrence in comparison with wild-type patients (HR 6.15,
95% CI 1.51–24.92). In conclusion, a homozygous JAK2
V617F mutation is an independent risk factor for recurrent
thrombosis in patients with ET.

Keywords Essential thrombocythemia .

JAK2 V617Fmutation . Recurrent thrombosis

Introduction

Arterial or venous thrombosis can be either the first
manifestation or a complication associated with the clinical
course of essential thrombocythemia (ET) [1]. Advanced
age and prior history of thrombosis are the two most
important risk factors for vascular complications [1–5].
More recently, leukocytosis has been reported to be an
independent risk factor for thrombosis in ET [6–8]. The
JAK2 V617F mutation has been demonstrated to be the
main molecular marker of Philadelphia-negative chronic
myeloproliferative neoplasms, occurring in the great
majority of patients with polycythaemia vera and in about
half of all of the patients with ET [9]. Certain evidence
supports the hypothesis that the JAK2 mutation is associ-
ated with an increased risk of thrombosis in the carrier
patients with ET [10, 11], especially in homozygote
individuals [11, 12] and in those younger than 60 years
[12]. Once the thrombosis occurs, expert-produced
guidelines recommend cytoreduction and antithrombotic
prophylaxis with antiplatelet drugs or oral anticoagulants
[13]. Nevertheless, recurrences may take place [2, 3, 5]. We
had previously demonstrated that age ≥60 years is an
independent risk factor for recurrence in a cohort of patients
with PV and ET who had suffered at least one major
thrombotic event and that cytoreduction significantly
protects against novel events [14]. The present study aims
to investigate the impact of the presence of the JAK2 V617
mutation on the risk of recurrence.

Patients and methods

Study patients

With the collaboration of multiple haematological centres
that are part of the Gruppo Italiano Malattie Ematologiche

dell’Adulto (GIMEMA), a retrospective study was conducted
using the medical records of 259 patients with ET who were
diagnosed at one of the GIMEMA facilities from January
1985 to December 2005. The main criterion for inclusion in
the study was that all individuals had suffered at least one
major thrombotic event related to their haematological
disease. Details of the procedure used to recruit the cohort
have been reported elsewhere [14]. The additional criterion
for inclusion in the present analysis was to accept only
patients tested for the presence of the JAK2 V617F mutation
in granulocytes by allele-specific polymerase chain reaction
according to Baxter et al. [15]. When available, information
about the patient’s mutant allele burden was recorded.
Heterozygous or homozygous status was defined as a mutant
allele burden ≤50% or >50%, respectively.

Definition of the events and of the risk factors

A thrombotic event related to a patient’s existing haemato-
logical disease was defined as an event that occurred
following diagnosis and referral to the specialised haema-
tological centre, or one that occurred no earlier than 2 years
preceding the diagnosis. Thrombotic events that occurred
more than 2 years prior to the haematological disease
diagnosis were considered remote thromboses.

The major thrombotic events of interest were ischaemic
stroke, transient ischaemic attack (TIA), acute myocardial
infarction, unstable angina pectoris, peripheral arterial
thrombosis, retinal artery or vein occlusion, deep venous
thrombosis (including thrombosis of cerebral and splanch-
nic veins), pulmonary embolism and superficial venous
thrombosis. Our definition of acute coronary syndrome
encompasses acute myocardial infarction as well as
unstable angina pectoris. We consider cerebrovascular
disease to include ischaemic stroke as well as TIA.
Splanchnic venous thrombosis included occlusion of the
hepatic, portal, mesenteric, and splenic veins. Diagnosis of
a first or subsequent major thrombotic event was accepted
only if objectively proven or in the case of medical
documentation that unambiguously confirmed the occurrence
of angina or a transient ischaemic attack, as previously
described [14]. Microcirculatory events (including vascular
headaches, dizziness, visual disturbances, sensations of
burning pain in the palms of the hands and soles of the feet,
distal paraesthesia and acrocyanosis) were not considered
events of interest.

Statistical methods

Differences in proportions were estimated using the Fisher’s
exact test (statistical significance threshold set at p<0.05). The
relative risk with a 95% confidence interval (CI) was
calculated using a 2×2 contingency table.
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The interval between the initial thrombosis and a
recurrent thrombotic event (uncensored observations) or
the duration until death or the time elapsed until the
patient’s final visit to the centre (censored observations)
was analysed in order to estimate the probability of
recurrence as a function of time, according to the method
proposed by Kaplan and Meier. The probability of
recurrence was compared between groups using the
log-rank test (statistical significance threshold at p<0.05)
and the relative risk of recurrence was estimated as a
hazard ratio (HR) using a Cox proportional hazards
regression model. The HR was adjusted using recurrence
as the dependent variable and selecting as covariates
gender, presence of the JAK2 V617F mutation, age at the
time of the initial thrombosis (≥60 or <60 years), presence
of one or more vascular risk factors (smoking habit,
hypercholesterolemia, hypertension, diabetes mellitus and
chronic atrial fibrillation), history of remote thromboses
and type of treatment following thrombosis. Treatments
used within our sample included antithrombotic prophy-
laxis using antiplatelet agents or long-term oral anti-
coagulants, and any type of pharmacological cytoreductive
treatment.

Statistical analyses were performed using the GraphPad
PRISM 3.0 software (GraphPad Software, Inc., San Diego,
CA, USA) for univariable methods and using GB-STAT
V6.5 (Dynamic Microsystems, Silver Spring, MD, USA)
for multivariable testing.

Results

Study patients

We recruited 143 patients with ET and a previous history of
thrombosis for which their information about JAK2 muta-
tional status was available. The baseline clinical features of the
patient cohort are shown in Table 1. The JAK2 V617F
mutation was detectable in 98 of the patients (68.5%)
(Table 1); the mutant allele burden had been estimated for
47 of them and was homozygous in five of them.

First thrombosis

Sites

Two thirds of the initial thromboses were arterial: throm-
bosis occurred consistent with cerebrovascular disease in 52
patients (36.2%), acute coronary syndrome in 31 (21.5%)
and peripheral arterial occlusion in 16 (11.0%). The first
event was a venous thrombosis in 45 of the patients
(31.3%), of whom 20 individuals (13.9%) had cerebral (n=2)
or abdominal vessel (n=18) involvement.

Treatment

Following thrombosis, the great majority of the patients
received therapy with antiplatelet agents and/or cytoreduction

Patients with ET (no.) 143

JAK2 V617F mutation—no. (%) 98 (68.5)

Sex (M/F)—no. (% of male sex) 56/87 (39.1)

Median age at diagnosis—years (range) 55 (19–88)

Median age at thrombosis—years (range) 57 (21–86)

First arterial thrombosis—no. (%) 99a (69.2)

JAK2 V617F mutation—no. (% of arterial thromboses) 62 (62.6)

First venous thrombosis—no. (%) 46a (32.1)

JAK2 V617F mutation—no. (% of venous thromboses) 35 (76.0)

Presence of at least one vascular risk factor—no. (%) 75 (52.4)

Smoke—no. (%) 21 (14.6)

Hypertension—no. (%) 55 (38.4)

Hypercholesterolemia—no. (%) 22 (15.3)

Diabetes mellitus—no. (%) 9 (6.2)

Chronic atrial fibrillation—no. (%) 7 (4.8)

History of remote thromboses—no. (%) 9 (6.2)

Inaugural thrombosis at diagnosis or during the 2 years before—no. (%) 92 (64.3)

Thrombosis during the follow-up—no. (%) 51 (35.7)

Patients receiving one treatment or more than one treatment following the initial thrombosis:

Antiplatelet agents—no. (%) 110 (76.9)

Long-term oral anticoagulation—no. (%) 30 (20.9)

Any pharmacological cytoreduction—no. (%)b 104 (72.7)

Table 1 Baseline characteristics
of the patient cohort

ET essential thrombocythemia
a In one patient, the inaugural
event involved both arterial and
venous vessels
b Cytoreductive treatment
includes hydroxyurea,
pipobroman, busulphan,
interferon or anagrelide
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(Table 1). In total, 110 patients (76.9%) received antiplatelet
agents, while 30 of the patients (20.9%) were prescribed
long-term treatment (over a year) with anti-vitamin K agents.
Five patients (3.4%) received both antiplatelet and anti-
vitamin K medication. Of the 104 patients who received
pharmacological cytoreduction, 85 (81.7%) were prescribed
hydroxyurea. Other cytoreductive agents were pipobroman
(1.9%), busulphan (1.9%), interferon (8.6%) and anagrelide
(5.8%). Cytoreduction was not prescribed in the remaining
39 patients, due to a physician-in-charge decision. In total,
94 patients (65.7%) received a combined treatment that
included both a cytoreductive agent and an antithrombotic
drug.

Recurrent thrombosis

Sites

The first recurrence of a thrombotic event involved arterial
vessels in 26 of the patients (60.4% of recurrences) and
venous vessels in 17 (39.6%) of the patients. Recurrence
was in the form of an ischaemic stroke in two of the
patients, TIA in 12 of the patients, myocardial infarction in
four of the patients, unstable angina in two of the patients,
peripheral arterial thrombosis in five of the patients, splenic
infarction in one of the patients, deep venous thrombosis of
the legs in five of the patients, pulmonary embolism in two
of the patients, superficial venous thrombosis in seven of
the patients, portal vein thrombosis in two of the patients
and cerebral venous thrombosis in one of the patients.

Rate

In total, 43 of the patients (30.0%) encountered one first
recurrence over a total observation time of 922 patient-
years following the first thrombosis (median 5.5), with an
incidence of events of 4.6% patient-years. The observation
time exceeded 5 years for 82 of the patients (57.3%) and
exceeded 10 years in the case of 26 individuals (18.1%).
The cumulative probability of recurrence was 14.1% (95%
CI 8.2–20.0) at 2 years after the first thrombosis, 26.9%
(95% CI 18.7–35.1) at 5 years and 42.2% (95% CI 31.0–
53.4) at 10 years. The rate of recurrences was 28.5% among
those patients who had the JAK2 V617F mutation (28 of
98) and 33.3% among those without (15 of 45, p=0.56). Of
the former group, recurrence was observed in all the five
homozygous patients (100%, p=0.007 versus wild-type
patients and p=0.001 versus heterozygotes) and in 13 of the
42 heterozygous patients (30.9%, p=0.82 versus wild-type
patients). The rate of the JAK2 V617F mutation was 82.3%
among the patients with venous recurrences (14 of 17) and
53.8% among those with arterial recurrences (14 of 26,
p=0.10)

Risk factors for recurrent thrombosis

Patients left untreated after the first episode

When the analysis was restricted to the 39 patients who did
not receive cytoreduction following the initial thrombotic
event, we recorded 14 recurrences (11 involving arterial
vessels, 35.8%, and three involving venous vessels, 7.6%).
The incidence of events was 6.2% patient-years. The
presence of the JAK2 V617F mutation did not produce
any increase in the risk of recurrence (multivariable HR
0.74, 95% CI 0.20–2.71).

Patients treated with cytoreductive therapy after the first
episode

Among the 104 patients treated with cytoreduction therapy
after the first thrombosis, 29 recurrences occurred: 15
involved arterial vessels (51.7%) and 14 involved venous
vessels (48.3%). The incidence of events was 4.1% patient-
years. The presence of the JAK2 V617 mutation was
associated with a risk of recurrence similar to that found in
the untreated patients (multivariable HR 0.87, 95% CI
0.40–1.88).

Overall patient cohort

After adjustment for gender, age at the time of the initial
thrombosis, presence of vascular risk factors, history of
remote thromboses and antithrombotic or cytoreductive
treatment following the initial thrombosis, the risk for
recurrence was not affected by the presence of the JAK2
V617 mutation (multivariable hazard ratio, HR, 0.88, 95%
CI 0.46–1.67). Our estimate of the recurrence risk associ-
ated with the mutation did not substantially change after
stratification of the patients by age <60 years (HR 1.28,
95% CI 0.57–2.82) or >60 years (HR 0.71, 95% CI 0.33–
1.51) at the time of the initial thrombosis, neither when the
analysis was restricted only to those patients who had
suffered arterial (HR 0.85, 95% CI 0.38–1.85) or venous
first thrombotic events (HR 1.21, 95% CI 0.31–4.61).

The homozygous patients had showed an increased risk
of recurrence in comparison with the wild-type patients
(multivariable HR 6.15, 95% CI 1.51–24.92); with respect
to the heterozygous patients, the risk was increased, but
without reaching statistical significance (HR 2.94, 95% CI
0.73–11.78). The heterozygous patients had a risk of
recurrence quite similar to that of the wild-type patients
(HR 0.99, 95% CI 0.45–2.14) (Fig. 1). Recurrence among
the homozygous patients was TIA (n=1), deep venous
thrombosis (n=1) or superficial venous thrombosis (n=1)
of one leg, portal venous thrombosis (n=1) and cerebral
venous thrombosis (n=1). At the time of recurrence, four of
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them were receiving cytoreduction with hydroxyurea (n=2)
or interferon (n=2) and aspirin (in one case together with
ticlopidine); the latter was on long-term oral anticoagulant
treatment. All the homozygous patients except one were
younger than 60 years (median age 34, range 19–76).

Discussion

In essential thrombocythemia (ET), the thrombotic risk is
greater in those patients who are older than 60 years and in
those who have a history of a previous thrombosis. Both of
the aforementioned patient groups are included in the high-
risk category [1–5]. Recently, the identification of the
somatic JAK2 V617F mutation allowed significant advan-
ces with respect to the diagnostic certainty for these
conditions [9]. The phenotype of patients who suffer from
ET is influenced by the JAK2 V617F allele burden.
Specifically, patients with the mutation display a higher
leukocyte count and haemoglobin level than those without,
and the effect is particularly pronounced in the case of
homozygotes [10, 16]. Moreover, the presence of the JAK2
mutation has been reported to be associated with enhanced
platelet and leukocyte activation as well as with plasma
hypercoagulability [17, 18]. This could be a plausible basis
underlying an increased risk for thrombosis in those
patients who have the mutation as compared to those
without. However, this issue remains a matter of debate. A
meta-analysis conducted on 2,436 patients with ET esti-
mated that risk of thrombosis in the presence of the
mutation is increased 1.7-fold for arterial events and
2.5-fold for venous events [11]. In a recent investigation
on patients with ET, the risk of a thrombosis associated
with the mutation was found increased only among the
individuals younger than 60 years, especially those with a

homozygous burden, and was further enhanced by the
presence of inherited thrombophilia [12]. To date, no study
has addressed the question of whether the presence of
JAK2 V617F is associated with an increased risk of
recurrent thrombosis. We investigated, in the frame of a
previously reported multicenter retrospective cohort [14],
143 patients with ET who had a previous history of
thrombosis and who had been genotyped for the JAK2
V617F mutation, which was observed to be present in 68%
of the cases. In our patient sample, the cumulative
probability of recurrence was 41% at 10 years following
the first thrombotic event, with an incidence of 4.5%
patient-years. This is in agreement with the actuarial
estimate of the recurrent major cardiovascular events
reported in a previous cohort of 142 patients with ET [3].
A multivariable analysis adjusted for the number of
potential confounding factors showed that the presence
of the JAK2 V617F mutation had no effect on the risk of
recurrence while considering the entire cohort or restricting
the analysis to those patients whose first thrombosis was
arterial or venous. Similarly, no risk-related effects were
identified when the multivariable analysis was limited only
to those patients who did not receive an appropriate
cytoreduction therapy following the first thrombosis.
Indeed, homozygous patients had a risk of recurrence that
was six-fold increased and three-fold increased with respect
to the wild-type and heterozygous counterparts, respective-
ly. This is consistent with previous investigations that
reported an increased thrombotic risk among the patients
homozygous for the mutation [7, 10, 12]. The importance
of the JAK2 V617F mutant allele burden in modulating the
thrombotic risk has also been reported in polycythaemia vera,
in which the patients with a greater mutant allele burden are
those at higher risk for thrombotic events [19]. Interestingly,
the risk appeared scarcely contrasted by cytoreduction or
antithrombotic prophylaxis, since all the homozygous carrier
patients suffered a recurrent thrombosis during treatment;
moreover, all of them except one were younger than 60 years,
confirming the importance of the JAK2 mutational status as
risk factor among the young patients [12]. In conclusion, the
presence of the JAK2 V617F mutation is not a risk factor for
recurrent thrombosis in patients with ET, unless the patient is
homozygous for the mutant allele burden. In our study, we
acknowledge that the JAK2 mutational status was available
only for a percentage of the total patient cohort, and this
could have reduced the statistical power of our analysis. In
spite of such a limitation, the homozygous JAK2 V617F
mutant allele burden emerged as a strong independent risk
factor for recurrent thrombosis, suggesting that special care
should be warranted for carriers. The impact of such
information for the management of antithrombotic secondary
prophylaxis needs to be explored using larger prospective
trials.
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Appendix

Investigators and institutions of the Chronic Myeloprolifera-
tive Neoplasms—Working Party of the Gruppo Italiano
Malattie Ematologiche dell’Adulto (GIMEMA) that partici-
pated in this research.

Chairman: T. Barbui; Study Coordinator: V. De Stefano;
Participating Centers: Institute of Hematology, Catholic
University, Rome: V. De Stefano, E. Rossi, T. Za, A.
Fiorini, G. Leone; Department of Hematology, University
of Florence, Florence: A.M. Vannucchi, P. Guglielmelli, L.
Pieri, A. Bosi; Hematology Department and Hemophilia
and Thrombosis Center, San Bortolo Hospital, Vicenza: M.
Ruggeri, F. Scognamiglio, F. Rodeghiero; Hematology
Division and Bone Marrow Transplantation Unit, San
Gerardo Hospital, University of Milano-Bicocca, Monza: E.
Elli, E.M. Pogliani; Department of Hematology–Oncology,
Ospedali Riuniti, Bergamo: C. Micò, G. Finazzi, T. Barbui;
Hematology Unit, Santa Maria Nuova Hospital, Reggio
Emilia: A. Tieghi, L. Gugliotta; Department of Biomedical
Sciences, Section of Hematology, University of Catania,
Catania: R.R. Cacciola, E. Cacciola, R. Giustolisi; Institute
of Hematology, Department of Cellular Biotechnology and
Hematology, University La Sapienza, Rome: C. Santoro, M.
G.Mazzucconi; Institute of Hematology and Oncology L. and
A. Seràgnoli, University of Bologna, Bologna: A. Lucchesi,
N. Vianelli.

References

1. Elliott MA, Tefferi A (2005) Thrombosis and haemorrhage in
polycythaemia vera and essential thrombocythaemia. Br J Haematol
128:275–290

2. Cortelazzo S, Viero P, Finazzi G, D'Emilio A, Rodeghiero F,
Barbui T (1990) Incidence and risk factors for thrombotic
complications in a historical cohort of 100 patients with essential
thrombocythemia. J Clin Oncol 8:556–562

3. Besses C, Cervantes F, Pereira A, Florensa L, Sole F, Hernandez-
Boluda JC, Woessner S, Sans-Sabrafen J, Rozman C, Montserrat E
(1999)Major vascular complications in essential thrombocythemia: a
study of the predictive factors in a series of 148 patients. Leukemia
13:150–154

4. Passamonti F, Rumi E, Pungolino E, Malabarba L, Bertazzoni P,
Valentini M, Orlandi E, Arcaini L, Brusamolino E, Pascutto C,
Cazzola M, Morra E, Lazzarino M (2004) Life expectancy and
prognostic factors for survival in patients with polycythemia vera
and essential thrombocythemia. Am J Med 117:755–761

5. Wolanskyj AP, Schwager SM, McClure RF, Larson DR, Tefferi A
(2006) Essential thrombocythemia beyond the first decade: life
expectancy, long-term complication rates, and prognostic factors.
Mayo Clin Proc 81:159–166

6. Carobbio A, Finazzi G, Guerini V, Spinelli O, Delfini F, Marchioli R,
Borrelli G, Rambaldi A, Barbui T (2007) Leukocytosis is a risk factor
for thrombosis in essential thrombocythemia: interaction with

treatment, standard risk factors and Jak2 mutation status. Blood
109:2310–2313

7. Carobbio A, Antonioli E, Guglielmelli P, Vannucchi AM, Delfini
F, Guerini V, Finazzi G, Rambaldi A, Barbui T (2008)
Leukocytosis and risk stratification assessment in essential
thrombocythemia. J Clin Oncol 16:2732–2736

8. Tefferi A, Gangat N, Wolanskyj A (2007) The interaction between
leukocytosis and other risk factors for thrombosis in essential
thrombocythemia. Blood 109:4105

9. Tefferi A, Vardiman JW (2008) Classification and diagnosis of
myeloproliferative neoplasms: the 2008 World Health Organization
criteria and point-of-care diagnostic algorithms. Leukemia 22:14–22

10. Vannucchi AM, Antonioli E, Guglielmelli P, Rambaldi A, Barosi
G, Marchioli R, Marfisi RM, Finazzi G, Guerini V, Fabris F,
Randi ML, De Stefano V, Caberlon S, Tafuri A, Ruggeri M,
Specchia G, Liso V, Rossi E, Pogliani E, Gugliotta L, Bosi A,
Barbui T (2007) Clinical prophile of homozygous JAK2V617F
617V>F mutation in patients with polycythemia vera or essential
thrombocythemia. Blood 110:840–846

11. Dahabreh IJ, Zoi K, Giannouli S, Zoi C, Loukopoulos D,
Voulgarelis M (2009) Is JAK2 V617F mutation more than a
diagnostic index? A meta-analysis of clinical outcomes in
essential thrombocythemia. Leuk Res 33:67–73

12. De Stefano V, Za T, Rossi E, Fiorini A, Ciminello A, Luzzi C,
Chiusolo P, Sica S, Leone G (2009) Influence of the Jak2 V617F
mutation and inherited thrombophilia on the thrombotic risk among
patients with essential thrombocythemia. Haematologica 94:733–737

13. Barbui T, Barosi G, Grossi A, Gugliotta L, Liberato LN, Marchetti
M, Mazzucconi MG, Rodeghiero F, Tura S (2004) Practice
guidelines for the therapy of essential thrombocythemia. A
statement from the Italian Society of Hematology, the Italian
Society of Experimental Hematology and the Italian Group for
Bone Marrow Transplantation. Haematologica 89:215–232

14. De Stefano V, Za T, Rossi E, Vannucchi AM, Ruggeri M, Elli E,
Micò C, Tieghi A, Cacciola RR, Santoro C, Gerli G, Vianelli N,
Guglielmelli P, Pieri L, Scognamiglio F, Rodeghiero F, Pogliani
EM, Finazzi G, Gugliotta L, Marchioli R, Leone G, Barbui T
(2008) Recurrent thrombosis in patients with polycythemia vera
and essential thrombocythemia: incidence, risk factors, and effect
of treatments. Haematologica 93:372–380

15. Baxter EJ, Scott LM, Campbell PJ, East C, Fourouclas N, Swanton S,
Vassiliou GS, Bench AJ, Boyd EM, Curtin N, Scott MA, Erber WN,
Green AR (2005) Acquired mutation of the tyrosine kinase JAK2 in
human myeloproliferative disorders. Lancet 365:1054–1061

16. Campbell PJ, Scott LM, Buck G, Wheatley K, East CL, Marsden JT,
Duffy A, Boyd EM, Bench AJ, Scott MA, Vassiliou GS, Milligan
DW, Smith SR, Erber WN, Bareford D, Wilkins BS, Reilly JT,
Harrison CN, Green AR (2005) Definition of subtypes of essential
thrombocythaemia and relation to polycythaemia vera based on JAK2
V617F mutation status: a prospective study. Lancet 366:1945–1953

17. Arellano-Rodrigo E, Alvarez-Larràn A, Reverter JC, Villamor N,
Colomer D, Cervantes F (2006) Increased platelet and leukocyte
activation as contributing mechanisms for thrombosis in essential
thrombocythemia and correlation with the JAK2 mutational status.
Haematologica 91:169–175

18. Marchetti M, Castaldi E, Spronk HM, van Oerle R, Calducci D,
Barbui T, Rosing J, Ten Cate H, Falanga A (2008) Thrombin
generation and activated protein C resistance in patients with essential
thrombocythemia and polycythemia vera. Blood 112:4061–4068

19. Vannucchi AM, Antonioli E, Guglielmelli P, Longo G, Pancrazi
A, Ponziani V, Mogani C, Rossi Ferrini P, Rambaldi A, Guerini V,
Bosi A, Barbui T (2007) Prospective identification of high-risk
polycythemia vera patients based on JAK2 V617F allele burden.
Leukemia 21:1952–1959

146 Ann Hematol (2010) 89:141–146


	Increased risk of recurrent thrombosis in patients with essential thrombocythemia carrying the homozygous JAK2 V617F mutation
	Abstract
	Introduction
	Patients and methods
	Study patients
	Definition of the events and of the risk factors
	Statistical methods

	Results
	Study patients
	First thrombosis
	Sites
	Treatment

	Recurrent thrombosis
	Sites
	Rate

	Risk factors for recurrent thrombosis
	Patients left untreated after the first episode
	Patients treated with cytoreductive therapy after the first episode
	Overall patient cohort


	Discussion
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


