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Introduction

The incidence of the three Philadelphia chromosome negative
myeloproliferative neoplasms (MPN) has been known for a long
time, with large differences in the rates according to the geo-
graphical area and/or ethnic origin:1,2 in polycythemia vera,
annual incidence ranges from 0.02 to 2.8/100,000 inhabitants.3

In a previous review, Johansson described these features in rela-
tion to the wide range of annual incidence rates of polycythemia
vera.4 More recently, epidemiological data from the US National
Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) Program, based on more than 18,000 MPN cases from
2001 to 2003, reported essential thrombocythemia incidence
rates at lower levels5 than those generally found in other stud-
ies.4,6,7 In contrast, in previous studies, we and others noted a
slight increase in the incidence of essential thrombocythemia
over time, mainly related to the wider availability of platelet
counts in routine examinations.4,8 In the same way, a rise in the
incidence of idiopathic myelofibrosis from 1990 to 2005 has
been reported recently, whereas polycythemia vera incidence
remained stable during the same time.9 In 2005, the discovery of
the Janus kinase 2 (JAK2) mutation (a somatic 1849G>T muta-
tion on exon 14) called the JAK2-V617F mutation had huge con-

sequences not only on the understanding of the physiopatholo-
gy of MPN, but also on the routine practice of laboratories.10

Indeed, the JAK2-V617F mutation has been described in almost
95% of polycythemia vera, 50-70% of essential thrombo-
cythemia and 50% of idiopathic myelofibrosis and has became
a very useful diagnostic test in MPN. Moreover, more recently,
other mutations (JAK2 exon 12 and MPL) have been reported in
less than 5% of MPN.11,12

As a consequence of these discoveries, a complete revision of
the diagnostic criteria for MPN, which now include screening
for clonal markers such as the JAK2-V617F mutation, has been
proposed.13 The aim of our study was to evaluate the impact of
the new WHO diagnostic criteria on the incidence of MPN in a
well-defined population. 

Design and Methods 

Population and patients 
The Registry of hematologic malignancies of the Côte d’Or

area, France, covers a population of 506,755 inhabitants (35%
rural and 65% urban). Dijon, the main city has the only
University hospital in the area, and most specialized hemato-
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To observe the effect of the new World Health
Organization (WHO) criteria on the incidence of myelo-
proliferative neoplasms, we performed a retrospective
study of a population-based registry in the Côte d’Or
area, France, from 1980 to 2007. A total of 524 myelopro-
liferative neoplasms were registered for the 1980-2007
period, including 135 polycythemia vera, 308 essential
thrombocythemia and 81 idiopathic myelofibroses. No
change in the incidence of either polycythemia vera or
idiopathic myelofibrosis was observed for the 2005-2007
period, compared to 1980-2004. On the contrary, a pro-
nounced increase in the incidence of essential thrombo-
cythemia was noted after 2005, mainly due to the use of
JAK2 mutation screening and a lower threshold of platelet

count. Our study confirms the relevance of the new
WHO diagnostic criteria in allowing earlier diagnosis of
essential thrombocythemia. 
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logic tests, especially the JAK2-V617F mutation and pro-
genitor growth cultures are performed in the laborato-
ries of this hospital. All hematologic malignancies in the
Côte d’Or area have been registered exhaustively since
1980 and are reviewed by a three-expert panel.

From 1980 to 2000, MPN were diagnosed according
to the Polycythemia Vera Study Group criteria,14 then
after 2000 according to the World Health Organization
(WHO) criteria,15 including bone marrow biopsy. For the
2005-2007 period, MPN patients were classified accord-
ing to the WHO 2001 classification, then according to
the WHO 2008 classification,13 and the results were
compared. 

The JAK2-V617F mutation was screened for retro-
spectively on stored DNA samples from MPN patients
from the year 2005, then prospectively after 2006 on
samples collected at the time of diagnosis. DNA storage
was performed in the biobank Centre de Ressources
Biologiques Ferdinand Cabanne in Dijon, and 99 samples
were tested. Purified blood granulocytes were prepared
as previously described16 and genomic DNA was pre-
pared using QIAamp DNA mini-kits (Qiagen). Levels of
expression of JAK2 wild-type (WT) or mutated (V617F)
were determined in duplicate using the same sensitive
(0.15% JAK2-V617F) allele-specific quantitative PCRs
(AS-qPCR) with the specificity based on sense forward
primers.16 The JAK2 exon 12 mutation was screened for
using a PCR-based sequencing approach on genomic
DNA samples. 

Statistical analysis 
Age- and sex-specific incidence rates were calculated

using population estimates from the Institut National de

la Statistique et des Etudes (INSEE), the European stan-
dard population (ESP) and the World standard popula-
tion (WSP). Comparison of incidence rates was based
on a Poisson’s model. A mean comparison two-sided
parametrical test was used to compare different groups
of patients. Data were analyzed using Stata software.
p<0.05 was considered statistically significant.  

Results and Discussion 

A total of 524 MPN were registered for the 1980-
2007 period, including 135 polycythemia vera (68
males and 67 females), 308 essential thrombocythemia
(135 males and 173 females) 81 idiopathic myelofi-
broses (57 males and 24 females) (Table 1). Depending
on the ESP or on the WSP, the 1980-2007 incidence
rates per 100,000 inhabitants per year were respective-
ly 0.9 and 0.6 for polycythemia vera, 2 and 1.4 for
essential thrombocythemia, and 0.5 and 0.3 for idio-
pathic myelofibrosis, (Table 1). In essential thrombo-
cythemia, females were predominant (56%) whereas
in idiopathic myelofibrosis, males were predominant
(70%). In polycythemia vera, the sex ratio was 1 (Table
1). The incidence rates increased with age for all MPN
(Table 2). This contrasts with a previous report which
observed a peak in the incidence of essential thrombo-
cythemia in young age;17 however, a recent large-scale
epidemiological study did not confirm this finding.7

When analyzed according to the WHO 2001 classifi-
cation, the incidence of essential thrombocythemia
before 2005 was not statistically different from that
after 2005 (WSP 1.2 versus 1.52 respectively, p>0.05).

Table 1. Incidence rates in the Côte d’Or area, 1980-2007 for myeloproliferative neoplasms. 
A. during 1980-2007 B. during 1980-2004 C. during 2005-2007 Comparison 

period B vs. C 
Diagnosis N. of Age Incidence ESP WSP N. of WSP N. cases WSP p

cases median per 105 (95% CI) cases (95% CI) cases (95% CI) 
(range) inhabitants

PV (m) 68 68 1 1 0.7 58 0.7 10 0.8 NS 
(26-84) (0.5-0.9) (0.5-0.9) (0.3-1.3) 

PV (f) 67 69 0.9 0.8 0.5 57 0.5 10 0.5 NS 
(36-93) (0.4-0.7) (0.4-0.7) (0.1-0.9)

PV (m+f) 135 69 1 0.9 0.6 115 0.6 20 0.7 NS
(26-93) (0.5-0.7) (0.5-0.7) (0.3-1)

ET (m) 135 68 2.0 2 1.4 97 1.1 38 3.2 <0.001
(16-100) (1.2-1.7) (0.9-1.4) (2.1-4.3) 

ET (f) 173 68 2.4 2 1.4 132 1.2 41 2.9 <0.001 
(16-94) (1.2-1.7) (1-1.5) (1.8-3.9)

ET (m+f) 308 68 2.2 2 1.4 229 1.2 79 3 <0.001
(16-100) (1.2-1.6) (1-1.4) (2.3-3.8) 

IMF (m) 57 69 0.8 0.8 0.6 51 0.6 6 0.4 NS
(36-89) (0.4-0.7) (0.4-0.7) (0.1-0.7)

IMF (f) 24 74 0.3 0.2 0.2 23 0.2 1 0.02 NS
(46-95) (0.1-0.2) (0.1-0.3) (0-0.1)

IMF (m+f) 81 70 0.6 0.5 0.3 74 0.4 7 0.2 NS
(36-95) (0.3-0.4) (0.3-0.4) (0-0.3)

PV: polycythemia vera; ET: essential thrombocythemia; IMF: idiopathic myelofibrosis; m: male; f: female; NS: non significant; ESP: European standard population;
WSP:World standard population.
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However, as previously suspected,7 based on the recent
WHO 2008 diagnostic criteria, taking into account both
clonal markers, mainly the JAK2-V617F mutation, and a
lower threshold of platelet values (450×109/L), the inci-
dence of essential thrombocythemia in the 2005-2007
period was more than double that in 1980-2004, in
both males and females: it increased from 1.2 to 3
(Figure 1). 

One explanation of the increase in the number of
essential thrombocythemia cases from 2005 is a change
in the diagnostic strategy: firstly, according to the new
WHO criteria, the threshold platelet count at which
essential thrombocythemia would be suspected
decreased from 600×109/L to 450×109/L. Secondly, the
JAK2 test has been widely used as a screening test in
first intention in case of thrombocytosis. In contrast,
until 2005, diagnosis of essential thrombocythemia
was mainly based on the exclusion of all other causes
of chronic thrombocytosis, and apart from bone mar-
row histology features, no positive criteria were avail-
able.15 Moreover, it must be pointed out that the results
of bone marrow biopsy were dependent on the experi-
ence of the hemopathologist, and sometimes in diffi-
cult cases, no clear diagnosis was made.

As a consequence, the mean number of essential
thrombocythemia registered every year in 1980-2004
was 9, whereas it rose to 27 in 2005, 26 in 2006 and 26
in 2007. Of the 79 cases of newly diagnosed essential
thrombocythemia from 2005 to 2007, 13 patients had
previously been followed for thrombocytosis without
certain diagnosis. As soon as the JAK2 test was avail-
able, a lot of unexplained thrombocytoses were tested,
leading to new further exams and confirming the MPN
in some cases. In these cases, the presence of the JAK2-

V617F mutation led to the retrospective diagnosis of
essential thrombocythemia, but later than the begin-
ning of the increase in the platelet count. This caused,
at least in part, an artificial increase (estimated at +0.4)
in the incidence of essential thrombocythemia during
the 2005-2007 period. 

Essential thrombocythemia patients diagnosed after
2005 also had a lower platelet count than did those
diagnosed before 2005 (835,203 versus 945,716×109/L,
p<0.05). This point is related to the high sensitivity of
the JAK2 test, even at the beginning of the disease, and
also supports the fact that in the future, essential
thrombocythemia patients will probably be diagnosed
at an earlier phase than previously, at least for most of
them. However, with regard to the median age at the
time of diagnosis, no difference between the two peri-
ods was noticed. Previously, in order to explore throm-
bocytosis, the threshold sustained platelet count was
600×109/L. In confirmation of our observation, the new
2008 WHO criteria lowered the platelet threshold from
600×109/L to 450×109/L. The argument was that the
previous platelet threshold compromised the detection
of early-phase essential thrombocythemia.13 In fact,
this change seems to be a good decision, because in our
series, 24% of recently essential thrombocythemia
diagnosed after 2004 had less than 600×109/L platelets.
In contrast with essential thrombocythemia, no signif-
icant modification in the incidence of polycythemia
vera or idiopathic myelofibrosis was noted over the
same period (Table 1). In fact, unlike essential thrombo-
cythemia, the diagnosis of polycythemia vera and idio-
pathic myelofibrosis have been based on positive crite-
ria for a long time, and screening for the JAK2 mutation
did not considerably change the incidence of these dis-
eases. In our study, before 2005, the diagnosis of poly-
cythemia vera was based on the absence of cause of
secondary erythrocytosis, and the presence of
splenomegaly, endogenous erythroid colony forma-
tion, thrombocytosis, a low erythropoietin (EPO) level
or bone marrow biopsy.15 However, screening for the

Table 2. Annual age-standardized incidence rates (per 100,000) for
essential thrombocythemia (ET), polycythemia vera (PV) and idio-
pathic myelofibrosis (IMF) in the Côte d’Or area. 
Age 1980-2004 2005-2007 

(years) ET PV IMF ET PV IMF 
15-19 0.5 0.0 0.0 0.0 0.0 0.0 
20-24 0.0 0.0 0.0 0.9 0.0 0.0 
25-29 0.2 0.1 0.0 1.9 0.0 0.0 
30-34 0.6 0.1 0.0 1.8 0.0 0.0 
35-39 0.7 0.3 0.1 1.9 0.9 0.0 
40-44 1.6 0.2 0.1 0.9 0.0 0.0 
45-49 1.2 0.9 0.2 5.6 0.9 0.0 
50-54 2.3 2 0.4 4.7 0.9 0.0 
55-59 2.3 2 1.8 9.7 0.0 1.1 
60-64 4.3 1 1.3 9.1 4.5 0.0 
65-69 6.3 4.4 2 15.9 3.2 0.0 
70-74 6.6 3.9 2.6 16.3 3.3 1.6 
75-79 10.2 3.7 3.7 19.2 9.6 1.9 
80-84 8.9 4.4 2.4 17.8 7.6 2.5 
>84 7.4 2.8 2.8 30.6 6.8 3.4 
total 1.8 0.9 0.6 5.1 1.3 0.5 

Figure 1. Evolution of incidence of myeloproliferative neoplasms
(MPN), incidence rates from 1980 to 2007 in the Côte d’Or area
registry. There was a significant increase in the incidence of
essential thrombocytemia (p<0.001) in 2005-2007 compared to
1980-2004 when diagnosed according to the WHO 2008 criteria.
Polycythemia vera (PV), essential thrombocythemia (ET) and idio-
pathic myelofibrosis (IMF).
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JAK2 mutation completely transformed the diagnostic
approach for this disease: current guidelines in sus-
pected polycythemia vera recommend screening for
this mutation in peripheral blood together with con-
comitant determination of EPO.6,13 For idiopathic
myelofibrosis, the incidence was close to that in other
reports, with no significant change over time.3 This is
in contrast with Hemminki et al. who found an
increase in the incidence of idiopathic myelofibrosis,
related to probable indolent forms of idiopathic
myelofibrosis reported.9 In the 20 polycythemia vera
diagnosed after 2004, 17 were positive for the JAK2-
V617F mutation, with a mean JAK2-V617F allele bur-
den of 38.6%. There were 3 JAK2 exon 12 positive
polycythemia vera patients that is a higher proportion
(15%) of polycythemia vera patients compared to the
low percentage of such a mutation usually observed in
large series.18,19 This discrepancy may be due to our rel-
atively small number of polycythemia vera (n=20) reg-
istered since 2005. Among the 79 essential thrombo-
cythemia diagnosed after 2004, 76% were JAK2-V617F
positive, with a mean allele burden of 19%. Seven
idiopathic myelofibroses were diagnosed until 2005,
and the JAK2-V617F mutation was positive in 5 of
them, with a mean level of JAK2 of 43.9%. The per-
centages of JAK2-V617F positive patients with essential
thrombocythemia, polycythemia vera and idiopathic
myelofibrosis were close to those we described previ-
ously,16 and have been classically observed.20-22 In the
same way, as generally noted, the median JAK2-V617F
allele burden was higher both in polycythemia vera
and idiopathic myelofibrosis than in essential throm-
bocythemia.16 Of note, the high proportion of JAK2-
V617F positive essential thrombocythemia patients
(76%), related to both a relatively small number of
essential thrombocythemia (n=79) and performing the
JAK2 mutation with a high sensitivity test on purified
granulocytes, at the time of diagnosis, prior to any
cytoreductive therapy: recent studies have shown the
ability of hydroxyurea or interferon to reduce and
even to make the mutated clone undetectable.23-25

These hypotheses could explain, at least in part, the
high proportion of JAK2-V617F positive essential

thrombocythemia patients. Despite weaknesses in our
study, mainly due to the relatively small size of the
studied population (500,000 inhabitants in the Côte
d’Or area), our work presents some strong and reliable
methodological features: (i) the Côte d’Or area has a
stable population with a low rate of people moving
away from the region; (ii) most specialized hematolog-
ic tests are performed in the hematology laboratory of
the only University hospital in the area, and very few
tests for hematologic malignancies are performed out-
side this center; (iii) all hematologic malignancies in
the Côte d’Or area have been exhaustively registered
since 1980 and have been reviewed not only by epi-
demiologists but also by the same three-expert panel
of hematologists. In conclusion, routine use of the new
WHO diagnostic criteria allows accurate and earlier
diagnosis of MPN, especially essential thrombo-
cythemia, and is associated with a significant increase
in the incidence of essential thrombocythemia. In
terms of public health, our study is a particularly clear
example of the usefulness of molecular epidemiology
in order to produce more accurate incidence rates and
to evaluate the consequences at the population level.
Prospective studies are needed to evaluate whether
earlier diagnosis and treatment of essential thrombo-
cythemia will be associated with fewer side effects,
particularly thrombotic events.
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