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ABSTRACT

Myelofibrosis (MF) represents the major long-term complication of essential thrombocythemia (ET). There is evidence
that leukocytosis at diagnosis is associated with poorer survival in patients with ET. In this study, we retrospectively
evaluated 143 patients with ET, diagnosed in agreement with WHO criteria, followed in a single centre over 10 years.
Nine of them transformed into MF (post-essential thrombocythemia-myelofibrosis PET-MF). We compared PET-MF
data at diagnosis with that of the remaining 134 patients (ET-1) and with a selected sub-group of ET-1 (ET-2, 19 pats)
sex, age and follow-up duration matched to PET-MF. The PET-MF evolution rate was 4.6 per 1000 person-years; white
blood cells count (WBC) count, haemoglobin levels and hematocrit were higher in PET-MF than in ET-1 (P = 0.01)
while only WBC was higher than in ET-2 (P = 0.01). With multivariate analysis, only WBC count retained its signifi-

cance. Our study highlights the prognostic relevance of leukocytosis on myelofibrotic transformation of ET.
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1. Introduction

Among the classical myeloproliferative neoplasms (MPN),
essential thrombocythemia (ET) has the most favourable
prognosis in terms of survival and myelofibrosis or leu-
kemic transformation: ET is considered usually not to
reduce the patient’s life expectancy, with median sur-
vival ranging from 13 to 22.3 years [1]. However, a re-
cent paper [2] showed an 83% survival at 10 years and
47% at 20 years after diagnosis that resulted significantly
lower than the expected survival of an age and sex
matched control population. Interestingly, leukocytosis at
diagnosis was associated with poorer survival in ET as
well as in polycythemia vera (PV) [3].

The transition to MF represents the major long-term
complication of ET with an estimated risk of about 5% at
10 years [4] and the transition to MF is considered a fa-
cilitating condition to the development of acute leukemia
(AL). Leukocytosis has been published to be an adverse
prognostic factor for leukemic transformation [5] and
significant [6] or near-significant [7] associations in PV
in this regard have previously been communicated as
well. In contrast, no meaningful difference between the
presence of JAK2V617F mutation and the progression to
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PET-MF has been observed [8], even if in a large study
[9] a greater risk of developing large splenomegaly and
leukemia was found in JAK2V617F mutated PMF pa-
tients and the accumulation of mutant V617F alleles has
been reported to be possibly associated to evolution of
PV to MF [10].

In the present study, we evaluated some easy data reg-
istered at diagnosis of ET to define if leukocytosis is “per
se” arisk factor for MF progression in these patients.

2. Methods

We evaluated 143 consecutive patients (106 females and
37 males) affected by ET followed in our Department.
The study was conducted in accordance with institutional
guidelines established for retrospective studies, and has
been approved from the Ethical Committee of Padua
General Hospital.

The World Health Organization (WHO) criteria were
used to diagnose ET [11]. Earlier cases diagnosed ac-
cording to the polycythemia vera study group criteria
were re-reviewed and included in the current study only
if they also fulfilled the WHO diagnostic criteria. The ET
transformation into PET-MF was defined in agreement
with the criteria of the International Working Group for
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myelofibrosis [12]. Hydroxyurea as cytoreductive treat-
ment in high risk patients and low dose aspirin as primary
and secondary thrombotic prevention were used.

The patients were divided in those who progressed to
myelofibrosis (PET-MF, 9 patients, median follow up at
transformation 11.7 years) and those who did not (ET-1,
134 patients). Considering that ET-1 patients had very
wide follow-up duration (range 2 - 27 years), we selected
within ET-1 group, 19 patients (ET-2) who were compa-
rable for sex, age and follow-up duration to PET-MF
patients. The main characteristics of the groups are sum-
marized in Table 1.

All analyses were based on the laboratory parameters
obtained at time of diagnosis. All P-values were two-
tailed and statistical significance was set at the level of P
< 0.05. Comparison between categorical variables was
performed by chi-squared statistics. The comparison be-
tween means was performed with one-way ANOVA and
the threshold of WBC number has been defined with
ROC curve. Cox proportional hazards model was utilised
to determine the impact of various clinical and laboratory
variables on overall, MF-free survival. Overall survival
curves were constructed by Kaplan-Meier method taking
the interval from the date of diagnosis.

3. Resaults

At the end of the study, 132 out of our 143 patients were
alive, while 10 ET-1 (2 acute leukemia) and 1 PET-MF

died (no leukemic transformation).

The PET-MF incidence was 4.6 per 1000 person-years,
with a 10-year risk evolution rate of 3%. In univariate
analysis, WBC count, haemoglobin level and hematocrit
at diagnosis were statistically higher in PET-MF than in
ET-1. This result was confirmed only for the WBC count
at diagnosis when PET-MF was compared with ET-2
(Table 2).

The threshold WBC count significant for PET-MF was
identified at 10.2 x 10°/L (sensibility 83%, specificity
81%) comparing with ET-1 and at 10 x 10°/L (sensibility
87.5%, specificity 88.2%) comparing with ET-2. Platelet
counts were statistically similar in all patients.

Table 1. Characteristics in gender, follow-up duration and
JAK2 mutation of our patients. The number of reviewed
bone marrow (BOM) histology in each group isreported as
well. No significant difference in age at diagnosis, follow-up
duration and frequency of JAK2V617F mutation was ob-
served between the different groups.

PET-MF ET-1 ET-2

Gender (M/F) 4/5 32/102 9/10

Mean age at diagnosis (years) 53.4+17.7 51.0+17.3 543+£15.0

Median total follow up (years) 13.2 10.38 12.9
JAK2, V617F/WT 6/3 67/42 13/6
Reviewed BOM 9 98 15

Table 2. Comparison of clinical and laboratory characteristics of our patientsdivided in subgroups as observed at the time of
diagnosis of ET. PET-MF = patients transformed into MF, ET-1 = all patients who did not transformed, ET-2 = patients not
transformed age sex and follow-up duration matched to the group of PET-MF.

PET-MF ET-1 P ET-2 P
WBC x 10°/L 12+£3.6 8.5+2.6 <0.01 7.8+24 <0.01
Hemoglobin g/dL 150 £ 13 133+ 15 <0.01 137+ 13 ns.
Hematocrit % 46.8+4.3 41+£45 <0.01 43+3.4 n.s.
Platelets x 10°/L 804 + 396 777 £278 ns. 690 + 148 ns.
Anemia yes/no” 1/8 19/115 n.s 1/18 n.s
Male/Females 4/5 32/102 n.s 9/10 n.s
Age > 60 years yes/no 5/4 50/84 n.s 9/10 n.s
Splenomegaly yes/no” 5/4 44/90 n.s 3/16 0.02
Thrombosis 5/4 41/93 n.s 3/16 0.02
Hydroxyurea yes/no 9/0 81/53 n.s 12/7 n.s

*Anemia = <125 g/L in females and <133 g/L in males; **Splenomegaly = palpable spleen > 1 cm or enlarged at morphologic ultrasound.
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The age at diagnosis, the presence of anemia and the
use of hydroxyurea were comparable in the 3 different
groups of patients. The presence of splenomegaly and the
occurrence of thrombosis were significantly more com-
mon in PET-MF than in ET-2 but not when compared to
ET-1. The use of aspirin was more frequent in PET-MF
than in ET-2. In multivariate analysis, the Cox regression
was significant only for WBC values both comparing
ET-1 vs PET-MF and ET-2 vs PET-MF. In univariate
analysis, MF-free survival was significantly associated
with leukocytosis using the cut-off level of >10 x 10°/L
(P=0.001) (Figure1).

4. Discussion

Thrombo-hemorrhagic events and transformation into
acute leukemia or myelofibrosis are the main causes of
morbidity and mortality in patients with ET [13].

After some sporadic cases reported of ET transforming
in MF, Murphy in 1997 [14] observed 3 cases of
PET-MF out of 50 cases after a median time of 6 years;
Cervantes et al. [15] found a probability of developing
MF of 8% at 10 years and 15% at 15 years. At present,
the risk of myelofibrosis in ET patients is considered to
occur at least 10 years after diagnosis [16] being of about
5% [4]. Indeed, the transition to MF represents the major
long-term complication of ET.

In the recent years, a great attention has been devoted
to the significance of WBC count in patients affected by
myeloproliferative neoplasms (MPN): high WBC at di-
agnosis seems to be a risk for thrombotic complications
in PV [17] and in ET [18].

Our study confirms that MF transformation occurs after
a minimum of 10 years after ET diagnosis and shows that
an high number of WBC at diagnosis is a relevant marker
to predict MF progression in patients with ET. In contrast,

MF free-survival
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Figure 1. Myelofibrosis-free survival (MF-free survival) in
143 patients with essential thrombocythemia stratified on
the basis of white blood cells count (WBC) count at diagnosis.
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gender, advanced age at diagnosis, the presence of ane-
mia, or platelet number are not significant in contrast to
the observation of other Authors [19,20]. It is possible
that this finding may be justified by the small number of
cases of PET-MF we have found. Notably, in agreement
with other authors [20] we did not find any correlation
between the use of cytotoxic agents and post-thrombocy-
themia myelofibrosis suggesting that myelofibrosis, al-
though rare, is a natural evolution of ET [10,15].

In 311 retrospective studied ET patients in France,
WBC > 11 x 10°/L at the time of diagnosis was associ-
ated with poorer survival [2] and other Authors [3,5]
found that WBC > 15 x 10°/L were associated with a
worse prognosis. Leukocytosis has been identified as an
adverse prognostic factor for leukemic transformation
both in PV and ET [3,6,7] and in some cases leukemic
evolution is preceded by a period of myelofibrotic phe-
notype; however, at the moment, none of our PET-MF
developed leukemia but this thought stimulate to control
more strictly PET-MF patients. Finally, because JAK2
allele burden has been shown to increase during the fol-
low-up of patients developing MF [10] our data suggest
to monitor allele burden mainly in patients with ET and
WBC number > 10 x 10°/L at diagnosis.

Recently, the different prognosis of ET and early/pre-
fibrotic PMF has been underlined and some risk factors
included high leukocyte count have been proposed as
markers of occult early/prefibrotic PMF explaining their
association with inferior survival or higher risk of disease
progression [21]. The current study highlighted the prog-
nostic relevance of leukocytosis on myelofibrotic trans-
formation of ET [22], as it has been reported for PV [3].
Our findings with regard to the survival disadvantage
linked to leukocytosis in ET [5,22] are consistent with a
similar scenario seen in the context of the other two clas-
sic BCR-ABL-negative MPNs including PV [6] and pri-
mary myelofibrosis.

Regardless, prospective controlled studies are neces-
sary to determine whether or not early cytoreductive
therapy in MPNs would favourably influence the adverse
prognosis associated with leukocytosis.
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