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Abstract The World Health Organization (WHO) classification of tumors of hematopoietic and lymphoid tissues
(2001) defined a provisional entity named refractory anemia with ringed sideroblasts associated to marked
thrombocytosis (RARS-MT). Diagnosis of RARS-MT
requires more than 15% of ringed sideroblasts in bone
marrow aspirate and the existence of a thrombocytosis in
blood, with a platelet count above 600 9 109/L. Nevertheless, controversy exists regarding this platelet count
‘‘cut-off’’ value and, when RARS-MT was defined, the
JAK2 mutation and its importance in the study of myeloproliferative disorders was unknown. We present the
results of a Spanish retrospective multicentric study, which
includes 76 cases of RARS with associated thrombocytosis
(platelet count above 400 9 109/L) at diagnosis (RARS-T),
36 of them with a platelet count above 600 9 109/L. Our
aim was to analyze their clinical, analytical and morphological characteristics, and to establish correlations with
the JAK2 mutational status.

This work is multicentric, with data collected and centralized at
Hospital Universitario de Canarias (La Laguna, Spain).
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1 Introduction
The World Health Organization (WHO) classification of
tumors of hematopoietic and lymphoid tissues, in the chapter
dedicated to myelodysplastic/myeloproliferative disease,
unclassifiable (category MDS/MPD, U), defines a provisional entity named refractory anemia with ringed
sideroblasts associated to marked thrombocytosis (RARSMT) [1]. Diagnosis of RARS-MT requires more than 15% of
ringed sideroblasts in bone marrow aspirate and the existence of a thrombocytosis in blood, with a platelet count
above 600 9 109/L. In these patients coexist features of
myeloproliferative disease and myelodysplastic syndrome.
The experts’ panel considered that the term ‘‘unclassifiable’’
was necessary until future studies indicate a more exact
classification, and three possibilities were suggested: RARSMT as a distinct entity, one group in the spectrum of RARS,
or the simultaneous occurrence of two separate disorders
(RARS and essential thrombocythemia). At that moment,
there was no evidence of cytogenetic or molecular genetic
alterations specific for this group, and it was mandatory to
exclude in these patients the presence of the Philadelphia
chromosome and the BCR/ABL fusion gene, as well as a
5q- syndrome and abnormalities of chromosome 3q21q26.
The Spanish Group of Hematologic Cytology (Grupo
Español de Citologı´a Hematológica, GECH) proposed
2 years ago to develop a national survey of those cases diagnosed of RARS, in which an associated thrombocytosis
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(platelet count above 400 9 109/L) was found at diagnosis,
with the aim to analyze their clinical, analytical and morphological characteristics. In the last 2 years, our group has
reported partial results concerning this study in different
national and international Hematology congresses [2].
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evaluated marrow cellularity, presence or absence of
mastocytes, macrophagues, sea-blue histiocytes and apoptotic figures, percentage and type of erythroid, myeloid,
and megakaryocytic dysplasia and percentage of blast
cells (type I and II). Bone marrow biopsy examination
included cellularity, quantity of megakaryocytes and
reticulin fibrosis degree.

2 Patients and methods
2.3 Analysis of JAK2 mutational status
2.1 Sample collection
We retrospectively studied 76 patients with diagnosis of
RARS and concomitant thrombocytosis (RARS-T),
obtained from a national survey with the participation of 19
Spanish hospitals. Those cases with a clear initial diagnosis
of essential thrombocythemia without associated anemia
were not included in the present study, even when a bone
marrow ringed sideroblasts percentage was above 15% in
any moment of their clinical evolution. Of the 76 analyzed
cases, 36 fulfilled the WHO diagnostic criteria for RARSMT (platelet count [600 9 109/L), while 40 patients presented with a ‘‘non-marked’’ thrombocytosis (400–
600 9 109/L, RARS-nMT). A data collecting page, previously designed, was distributed to the participating
hospitals. Analyzed data included age at diagnosis, sex,
motive for initial consultation, presence or absence of
splenomegaly, hemogram (with special attention to white
blood cell count, basophil count, hemoglobin level, platelet
count and mean corpuscular volume, MCV), presence or
absence of leukoerythroblastosis, leukocyte alkaline phospatase index, biochemical parameters (uric acid; lactatedehydrogenase (LDH); ferritin; vitamin B12), karyotypic
study, presence or absence of JAK2 V617F mutation,
associated complications (non-hematologic neoplasms,
evolution to acute leukemia, thrombotic or bleeding events,
evolution to myelofibrosis), therapeutic attitude (watch and
wait, cytorreduction-inducer drugs, oral antiagregant
agents, transfusional support), time from diagnosis, and
survival if death occurred.
2.2 Morphology features of blood and bone
marrow specimens
A centralized review of morphological findings in peripheral blood and bone marrow aspirate smears at diagnosis
was performed in 43 out 76 patients. In peripheral blood,
we studied the following morphological parameters: dyshemopoietic features in each lineage, percentage of
basophils, percentage of blast cells and presence or absence
of leukoerythroblastosis. In bone marrow aspirate specimens, together with percentage of ringed sideroblasts,
percentage of type-III sideroblasts, and iron storages in
mononuclear phagocytic system (Perls’ stain), we also
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DNA was extracted from peripheral blood or bone marrow
smears of 47 patients at diagnosis. Allele-specific PCR for
the detection of JAK2-V617F 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 [3].
2.4 Statistical analysis
Numerical variables are expressed with mean and standard
deviations. Categorical and ordinal variables are expressed with frequencies and percentages. Features of patients
grouped according to platelet count and JAK2 mutational
status were compared using Mann–Whitney test. Proportions between groups were compared with Chi-squared
test or Fisher’s exact test as appropriate. Multivariable
analysis was not recommended because of the relative
small size of the sample for such purpose. Cox proportional hazard regression model was used to compare
survival times and Kaplan–Meier curves to represent
cumulative survival. All tests were two-sided and P values
\0.05 were considered statistically significant. Statistical
analyses were performed using SPSS (version 14.0.1,
Chicago, Ill., USA).

3 Results
Mean age of the whole group of patients was 72.8 years
(SD 10.3, range 29–89) and 42 men and 34 women were
included. Most frequent form of presentation was casual
finding (44.4%) or anemic syndrome (42.9%), and less
often a constitutional syndrome (7.9%), a thrombotic event
(3.2%) or a bleeding episode (1.6%). Mean follow-up of
patients was 46.0 ± 36.1 months (range 1–174), and 23
patients (30.3%) have died at the moment of closing this
study.
There were no differences between RARS-MT and
RARS-nMT patients (Table 1) regarding age (73.2 ± 8.9
vs. 72.4 ± 11.5) and sex (21 male and 15 female patients
in the first group and 21 male and 19 female patients in
the second group). Although all the patients had anemia
at diagnosis (considered when hemoglobin levels were

Refractory anemia with ringed sideroblasts associated with thrombocytosis
Table 1 Main clinical and
analytical features of patients
with RARS-T, comparing
RARS-MT and RARS-nMT
groups at diagnosis

Data expressed as
mean ± standard deviation
(continuous variables) or
frequencies - percentages
(categorical variables)
NS Not significant, BM bone
marrow
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RARS-MT (n = 36)

RARS-nMT (n = 40)

P value
NS

Age (years)

73.2 ± 8.9

72.4 ± 11.5

Sex (M:F)

21:15

21:19

NS

Platelet count (9109/L)

898 ± 282

477 ± 54

\0.001

WBC count (9109/L)

9.0 ± 3.6

6.7 ± 2.3

0.005

Hemoglobin (g/L)

104.4 ± 18.3

100. 1 ± 14.2

0.06
0.001

MCV (fL)

98.1 ± 7.3

104.1 ± 5.8

Basophil count (9109/L)

0.103 ± 0.093

0.074 ± 0.083

NS

Bone marrow blasts (%)

1.0 ± 1.2

1.0 ± 1.1

NS

Type III sideroblasts (%)

26 ± 21

23 ± 19

NS

Ringed sideroblasts (%)

44 ± 20

49 ± 17

NS

Uric acid (mg/dL)

5.7 ± 2.3

5.6 ± 1.5

NS

Lactate-dehydrogenase (U/L)

415 ± 213

352 ± 130

NS

Ferritin (ng/mL)

643 ± 934

349 ± 233

NS

Vitamin B12 (pg/mL)

753 ± 662

700 ± 433

NS

Splenomegaly
Karyotype aberrations

10/32 (31%)
4/24 (17%)

2/32 (6%)
3/30 (10%)

0.011
NS

JAK2 mutation

14/23 (61%)

3/24 (12.5%)

0.001

BM Megakaryocytic hyperplasia

16/20 (80%)

4/9 (45%)

0.07

BM reticulin fibrosis

9/15 (60%)

2/10 (20%)

0.06

Transfusional dependence

7/30 (23%)

11/36 (31%)

NS

\125 g/L in women and \135 g/L in men), incidentally
discovered anemia was the main reason for consultation in
the group of RARS-MT (46.7%), while anemic symptomatology was predominant among patients with RARSnMT (48.5%). Patients with RARS-MT had significantly
higher WBC count (P = 0.005) and higher incidence of
splenomegaly (P = 0.011), while patients with RARSnMT had higher MCV (P = 0.001), and a trend to lower
hemoglobin levels (P = 0.06). Leukocyte alkaline phospatase index showed high values in the majority of
patients with marked thrombocytosis (58.3%) when compared to patients with not-marked thrombocytosis; in the
latter group its value was in the normal range in higher
number of cases (58.8%) (P = 0.021). Platelet count had
no relation with basophil count; percentage of marrow
blasts, type-III sideroblasts, ringed sideroblasts, and iron
storages in mononuclear phagocytic system (Fig. 1a, b);
plasmatic levels of uric acid, LDH, ferritin or vitamin B12.
In peripheral blood, we observed the presence of
erythrocytes with the coexistence of basophilic stippling
and abnormal hemoglobin distribution in 84% of samples.
Seventy-five percent of smears revealed the presence of
dacriocytes, but only 15% presented a large number of
them. Dysgranulopoiesis was a rare event, found in less
than 5% of cases. The presence of large platelets was seen
in 40% of smears, but hypo/agranulated was less common
(only in 10%). On bone marrow aspirates evaluation, we
noticed a light increase of global cellularity without a
complete disappearance of the fat. All the patients

displayed a high number of macrophagues and, some of
them were of sea-blue histiocyte type. Almost 60% of
patients had an increase in the number of normal mastocytes. All the samples displayed hyperplasia of
megakaryocytes (Fig. 1c), either dispersed or in loose
clusters of three or more cells. Thirty-two of the 43 samples showed dysmegacaripoiesis in 10–50% of the
elements: megakaryocytes with mono-, bi-lobulated or
with multiple widely-separated nuclei, micromegakaryocytes (only in one patient) and giant forms with deeply
hiperlobated nuclei. Diserithropoiesis was a constant phenomenon: erythroblasts with basophilic stippling and
abnormal hemoglobin distribution, asynchronous nuclear
cytoplasmic maturation, megaloblastoid changes (Fig. 1d)
and, rarely, internuclear bridging. We observed light dysplasia of granulopoietic lineage and only two patients
showed hipogranularity with pseudo Pelger-Huet anomaly.
The number of blast cells was always lower than 5%. We
could not correlate any of these findings with the mutational status of JAK2.
Although only performed in 38% of patients, bone marrow biopsy showed a trend toward a more intense
megakaryocytic hyperplasia (Fig. 1e) and reticulin fibrosis
in patients with RARS-MT (P = 0.07 and P = 0.06,
respectively); hypercellularity was found in most samples
from both the groups. Prevalence of chromosome aberrations
was similar in both groups of patients (16.7 vs. 10%,
respectively). The following karyotypic anomalies were
detected in four different patients of the RARS-MT group,
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Fig. 1 Bone marrow features of
RARS-T. a Typical ringed
sideroblasts with iron granules
encircling the nuclei (Perls’
stain, 91000). b Significant
increment of iron storages in
mononuclear phagocytic system
(Perl’s stain, 9400). c Marked
megakaryocytic hyperplasia and
occasional platelet aggregates
(May–Grünwald–Giemsa,
9400). d Erythroid hyperplasia
and precursors with
megaloblastoid features (May–
Grünwald–Giemsa, 91,000). e
Bone marrow trephine biopsy
showing a marked proliferation
of megakaryocytes with a
tendency to loose clusters
distribution (Hematoxilin–
eosin, 9100)

del(11)(q21), del(20)(q12), dup(1)(q23q32), and -Y.
Chromosome alterations in three cases of RARS-nMT
included del(5)(q12q33), trisomy 8 and -Y. In none of the
whole series, the BCR/ABL fusion gen or the isolated 5qcytogenetic anomaly was detected. The analysis of JAK2
mutational status was achieved in 44/77 patients (62%) and
clear differences were found: 14/23 patients with RARS-MT
were carriers of the JAK2 V617F mutation (61%), whereas
only 3/24 patients (12.5%) in the group of RARS-nMT
(P = 0.001).
From a point of view of eventual complications in disease
evolution, there were no differences between RARS-MT and
RARS-nMT groups. Evolution to acute leukemia occurred in
one patient with RARS-MT and in two with RARS-nMT;
non-hematologic neoplasms appeared in the follow-up in
three patients with RARS-MT and in two cases of RARSnMT; myelofibrotic transformation of bone marrow was
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observed in two patients with RARS-MT and in only one
with RARS-nMT (unfortunately, the analysis of the JAK2
mutational status was not possible in these three last
patients). There were no differences between both groups of
patients related to thrombotic complications (1 in 28 analyzed cases of RARS-MT and 2 in 31 RARS-nMT) or
bleeding episodes (4 in 29 RARS-MT vs. 3 in 30 RARSnMT). Revision of therapeutic approach showed that ‘‘watch
and wait’’ was the most frequent strategy applied in both the
groups (64.5 and 80%, respectively), although 29% of
patients with RARS-MT eventually needed hydroxyurea,
and only in 14.3% of patients with RARS-nMT needed
hydroxyurea. Oral antiagregation was indicated in 32.1% in
the RARS-MT group and in 19.4% of RARS-nMT. Packed
red cell transfusion as usual management practice was similar in both groups (23.3% versus 30.6%). Finally, survival
rates were also equivalent (Fig. 2).

Refractory anemia with ringed sideroblasts associated with thrombocytosis

The presence of JAK2 mutation in three patients with a
platelet count between 500 9 109/L and 600 9 109/L led
us to compare the features of the patients considering
500 9 109/L as new ‘‘cut-off’’ point (Table 2). In this
analysis, the majority of previously observed differences
(with a platelet count of 600 9 109/L as ‘‘cut-off’’) disappeared’’. Only two variables were clearly different: a

Fig. 2 Kaplan–Meier survival curves of patients with diagnosis of
RARS-MT and RARS-nMT

Table 2 Main differences
among patients with RARS-T
when a platelet count of
500 9 109/L is considered as
cut-off value at diagnosis

Data expressed as
mean ± standard deviation
(continuous variables) or
frequencies - percentages
(categorical variables)
NS Not significant, BM bone
marrow

391

significantly higher incidence of the JAK2 mutation in
patients with platelets [500 9 109/L (53 vs. 0%,
P \ 0.001) and a more frequent presence of megakaryocytic hyperplasia in bone marrow trephine biopsy samples
in the same group of patients (83 vs. 17%, P = 0.005). The
survival rates persisted similar.
The correlation of the JAK2 V617F mutation status with
clinicopathological features of patients with RARS-T was
also analyzed (Table 3). Patients with the JAK2 mutation
had significantly higher platelet (P \ 0.001) and WBC
count (P = 0.018). On the other hand, patients without this
mutation had lower hemoglobin levels (P = 0.029) and
higher MCV (P = 0.037). Splenomegaly was found in
29% of patients carrying the JAK2 mutation, and in 13% of
patients without this mutation. In our study, JAK2 mutation
had influence neither on age, sex, peripheral blood basophil
count, leukocyte alkaline phospatase index, percentage of
blasts in bone marrow, percentage of type-III sideroblasts
nor on percentage of ringed sideroblasts, plasmatic levels
of uric acid, LDH, ferritin and vitamin B12, and frequency
of karyotypic aberrations or incidence of associated complications (non-hematologic neoplasms, evolution to acute
leukemia or myelofibrosis, and thrombotic or bleeding
events). In our short series of bone marrow biopsied
patients, those with JAK2 mutation had higher prevalence
of myelofibrosis at diagnosis (71 vs. 40%). From a therapeutical point of view, retrospectively analyzed, policy
was clearly different: in patients without JAK2 mutation,

RARS-T Plt [ 500
9 109/L (n = 48)

RARS-T Plt \ 500
9 109/L (n = 28)

P value

73.0 ± 11.4
26:22

72.4 ± 8.2
16:12

NS
NS

Platelet count (9109/L)

810 ± 289

448 ± 28

\0.001

WBC count (9109/L)

8.2 ± 3.5

7.1 ± 2.5

NS

Age (years)
Sex (M:F)

Hemoglobin (g/L)

102.7 ± 16.9

101. 0 ± 15.5

NS

MCV (fL)

100.2 ± 7.8

102.9 ± 5.4

NS

Basophil count (9109/L)

0.090 ± 0.084

0.083 ± 0.096

NS

Bone marrow blasts (%)

1.0 ± 1.2

0.9 ± 1.1

NS

Type III sideroblasts (%)

29 ± 22

18 ± 14

NS

Ringed sideroblasts (%)

44 ± 18

53 ± 18

NS

Uric acid (mg/dL)

5.5 ± 2.2

6.1 ± 1.2

NS

Lactate-dehydrogenase (U/L)

400 ± 197

349 ± 122

NS

Ferritin (ng/mL)

563 ± 820

356 ± 243

NS

Vitamin B12 (pg/mL)

700 ± 582

768 ± 483

NS

Splenomegaly

10/42 (24%)

2/22 (9%)

NS

Karyotype aberrations
JAK2 mutation

6/33 (18%)
17/32 (53%)

1/21 (5%)
0/15 (0%)

NS
\0.001

BM Megakaryocytic hyperplasia

19/23 (83%)

1/6 (17%)

0.005

BM reticulin fibrosis

9/18 (50%)

2/7 (29%)

NS

Transfusional dependence

9/41 (22%)

9/25 (36%)

NS
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Table 3 Influence of the
presence or absence of the
JAK2 V617F mutation in the
clinical picture of patients with
RARS-T
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RARS-T with JAK2
V617Fmutation (n = 17)

RARS-T without JAK2 V617F
mutation (n = 30)

P value
NS

Age (years)

72.9 ± 11.1

73.6 ± 8.8

Sex (M:F)

11:6

17:13

NS

Platelet count (9109/L)

845 ± 278

591 ± 239

\0.001

WBC count (9109/L)

9.2 ± 3.5

6.7 ± 2.2

0.018

Hemoglobin (g/L)

109.2 ± 16.6

97.7 ± 16.0

0.029
0.037

MCV (fL)

97.3 ± 8.7

102.4 ± 6.4

Basophil count (9109/L)

0.108 ± 0.082

0.063 ± 0.060

NS

Bone marrow blasts (%)

0.9 ± 1.2

1.2 ± 1.2

NS

Type III sideroblasts (%)

31 ± 27

32 ± 23

NS

Ringed sideroblasts (%)

48 ± 21

48 ± 19

NS

Uric acid (mg/dL)
Lactate-dehydrogenase (U/L)

5.3 ± 2.4
429 ± 191

5.8 ± 1.8
324 ± 106

NS
NS

Ferritin (ng/mL)

656 ± 674

560 ± 984

NS

Vitamin B12 (pg/mL)

579 ± 391

677 ± 577

NS

Data expressed as
mean ± standard deviation
(continuous variables) or
frequencies - percentages
(categorical variables)

Splenomegaly

4/14 (29%)

3/23 (13%)

NS

Karyotype aberrations

2/15 (13%)

2/22 (9%)

NS

BM Megakaryocytic hyperplasia

7/8 (87%)

4/5 (80%)

NS

BM reticulin fibrosis

5/7 (71%)

2/5 (40%)

NS

NS Not significant, BM bone
marrow

Transfusional dependence

1/14 (7%)

8/27 (29%)

NS

abstention was the standard approach (89%), while it was
adopted in 50% of carriers of the JAK2 mutation.
Hydroxyurea as cytoreductor agent was used in 42.9% of
patients carrying the mutation, while it was only sporadically used (3.7%) in patients without the mutation
(P = 0.012). Although statistically not significant, packed
red cell transfusion requirement was higher in patients
without the JAK2 mutation (29%) when compared with
carriers of the JAK2 mutation (7%). The same was detected
when patients were grouped according to platelet count:
survival rates were similar in JAK2-mutated and JAK2-non
mutated groups (Fig. 3).

4 Discussion
According to the WHO classification of the myeloid neoplasms, diagnosis of RARS-MT requires more than 15% of
ringed sideroblasts in bone marrow aspirate and a platelet
count above 600 9 109/L in peripheral blood. This ‘‘cutoff’’ platelet count is considered as arbitrary by some
authors and the term ‘‘refractory anemia with ringed sideroblasts associated with thrombocytosis’’ (RARS-T) is
preferred [4]. Nevertheless, when we compared in our
study both the groups of patients, RARS-MT and RARSnMT, as previously defined, some significant differences
were found. Clinicopathological features of patients with
RARS-MT were nearer to those of chronic myeloproliferative diseases, such as essential thrombocythemia and
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Fig. 3 Kaplan–Meier survival curves of patients with RARS-T
according to the presence or absence of JAK2 V617F mutation

primary myelofibrosis (casual finding as a more frequent
form of presentation, higher WBC count, higher incidence
of splenomegaly, higher frequency of marrow megakaryocytic hyperplasia and reticulin fibrosis in bone marrow
trephines, and presence of JAK2 V617F mutation in a
higher percentage of cases), whereas patients with RARSnMT had initial manifestations and clinical evolution
nearer to myelodysplastic syndromes (presentation as
anemic syndrome, lower hemoglobin level, higher MCV,

Refractory anemia with ringed sideroblasts associated with thrombocytosis

and less incidence of JAK2 V617F mutation). Thus,
platelet count of 600 9 109/L seems not to be so arbitrary,
and in our series could separate patients with myeloproliferative disease from those with a myelodysplastic
behavior.
Even though an underlying myeloproliferative disorder
constitutes a risk factor for thrombosis (mostly arterial
events) [5], the incidence of thrombotic complications in
our series is rather low, even in patients carrying the JAK2
mutation. Leukocytosis, but not thrombocytosis, has been
identified as a potential risk factor for thrombosis in
polycythemia vera and essential thrombocythemia; a high
WBC count was rare in the group of patients with RARS-T
that we have studied (only 9 of the 76 patients had a WBC
above 11 9 109/L at diagnosis, and none of them exceeded
18 9 109/L).
Concerning morphological results from peripheral blood
and bone marrow aspirate smears, we observed that
patients with RARS-MT and RARS-nMT have both dysplastic and proliferative features at the time of initial
presentation. The presence of basophilic stippling and
abnormal hemoglobin distribution in erythrocytes (peripheral blood) and erythroblasts (bone marrow) was a constant
finding. This indicates a sideroacrestic phenomenon that
can be verified by an iron stain as ringed sideroblasts. We
could not correlate the morphological findings with either
the level of platelets or the mutational status of JAK2.
Although some authors do not support the descent of the
platelet count from 600 9 109/L to 500 9 109/L to establish the diagnosis of RARS-MT [6], the existence of three
cases carrying the JAK2 mutation in our group of RARSnMT, forced us to revaluate the patients. These three
patients had a platelet count between 500 9 109/L and
600 9 109/L. As result of this new comparison, we could
find that only JAK2 mutational status and megakaryocytic
hyperplasia degree at bone marrow biopsy were clearly
different. With this new ‘‘cut-off’’ other differences that
previously seem to separate more myeloproliferative
(RARS-MT) from more myelodysplastic (RARS-nMT)
‘‘behaviors’’ between the patients disappeared.
We have to consider that in 2001, when the WHO
classification of myeloid neoplasms was published, the
JAK2 mutation and its importance in the study of myeloproliferative disorders was unknown [7]. Now there is
increasing evidence concerning the crucial physiopathological role of JAK2 V617F mutation in a high proportion
of patients with chronic myeloproliferative disease. In fact,
more than 90% of patients affected by polycythemia vera
and approximately 50% of those with essential thrombocythemia or primary myelofibrosis are carriers of the
somatic JAK2 V617F mutation in their granulocytes [8].
These findings have led some authors to reconsider the
WHO classification of Philadelphia-negative chronic
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myeloproliferative diseases [9–12]. Although much more
uncommon, this mutation also may be detected in other
atypical myeloproliferative disorders, and very occasionally in myelodysplastic syndromes [13–15]. Some authors
have detected the presence of this mutation in myelodysplastic syndrome-derived leukemia of megakaryoblastic
nature [16]. Finally, JAK2 V617F mutation has not been
described in association to secondary or reactive leukocytosis or thrombocytosis, or in lymphoproliferative diseases.
In consequence, the analysis of the JAK2 mutational status
should be considered as a myeloid-specific clonality test,
and is very useful in the evaluation of Philadelphia-negative chronic myeloproliferative diseases.
Taking into account our results, combination of platelet
count and JAK2 mutational status could help to separate
clinically-different patients with RARS-T. Derived from the
retrospective design of our study, determination of JAK2
V617F mutation was performed in 47 patients (62% of the
collected cases). Globally, the mutation was present in 17/47
cases (36%), but the incidence significantly increased in
RARS-MT group (14/23, 61%), when compared to RARSnMT (3/24, 12.5%). Some authors have reported a higher
incidence of JAK2 mutation in patients with RARS-T [15,
17–24]. The frequency of this mutation is similar to that
observed in our series (61%), which is the largest reported.
Together with higher platelet count, we found that patients
with JAK2 mutation presented with higher leukocyte count,
higher frequency of splenomegaly, and higher frequency of
bone marrow fibrosis. On the other hand, patients without the
mutation showed lower hemoglobin concentration and
higher MCV. Hydroxyurea used as cytoreduction treatment
was clearly superior in patients carrying this mutation, while
packed red cell transfusion requirement was superior in the
group of patients without JAK2 mutation.
Recently, a German group has reported that RARS-T
displays distinct clinicopathological and molecular features
which are different from those of classical essential thrombocythemia and primary myelofibrosis [24]. Our results,
derived from the retrospective study of 76 patients, support
the concept that RARS-T could include two groups, RARSMT and RARS-nMT, the former presenting as chronic
myeloproliferative disease associated to JAK2 V617F
mutation and the latter with clinicobiological features of
myelodysplastic syndrome, usually not associated to JAK2
mutation. Nevertheless, the absence of significant differences between RARS-MT and RARS-nMT groups and
between JAK2-mutated and JAK2-non mutated groups, in
terms of overall median survival, constitutes an interesting
finding which needs to be further investigated. In agreement
with other recent report [25], we think that diagnostic criteria
for RARS-T need to be better defined, and as suggested by
the authors, further studies which take into account other
pathophysiological aspects of this entity are required.
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5 Conclusions
Based on the above-mentioned findings in a large number
of patients with RARS-T, a platelet count of 600 9 109/L
seems to separate two groups: RARS with not-marked
thrombocytosis (400–600 9 109/L), with biological features nearer to ‘‘classical’’ RARS and clinical behavior of
myelodysplastic syndrome, and RARS associated with
marked thrombocytosis ([600 9 109/L), that join characteristics of patients with chronic myeloproliferative
disease. The establishment of a platelet count of
500 9 109/L as ‘‘cut-off’’ point instead of 600 9 109/L,
allows to bring together all the RARS-T patients carrying
the JAK2 mutation in the same group (that above
500 9 109/L), but clinical and analytical differences tend
to disappear between both the groups. Morphological
findings of this study provided evidence that RARS
includes a wide spectrum of conditions ranging from
myelodysplastic syndromes to myeloproliferative disorders
(essential thrombocythemia, prefibrotic primary myelofibrosis). In our opinion, although a ‘‘gray’’ zone persists
between 500 9 109/L and 600 9 109/L, the combination
of platelet count and JAK2 V617F mutation status may
help to separate RARS-T cases with more myeloproliferative features (JAK2 mutated) from those with
myelodysplastic behaviour (JAK2 not-mutated).
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