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ABSTRACT

Background

Refractory anemia with ring sideroblasts associated with marked thrombocytosis was proposed
as a provisional entity in the 2001 World Health Organization classification of myeloid neoplasms
and also in the 2008 version, but its existence as a single entity is contested. We wish to define
the clinical features of this rare myelodysplastic/myeloproliferative neoplasm and to compare its
clinical outcome with that of refractory anemia with ring sideroblasts and essential thrombo-

cythemia.

Design and Methods

We conducted a collaborative retrospective study across Europe. Our database included 200
patients diagnosed with refractory anemia with ring sideroblasts and marked thrombocytosis. For
each of these patients, each patient diagnosed with refractory anemia with ring sideroblasts was
matched for age and sex. At the same time, a cohort of 454 patients with essential thrombo-
cythemia was used to compare outcomes of the two diseases.

Results

In patients with refractory anemia with ring sideroblasts and marked thrombocytosis, depending
on the Janus Kinase 2 V617F mutational status (positive or negative) or platelet threshold (over or
below 600x10°/L), no difference in survival was noted. However, these patients had shorter over-
all survival and leukemia-free survival with a lower risk of thrombotic complications than did
patients with essential thrombocythemia (P<0.001) but better survival (P<0.001) and a higher risk
of thrombosis (P=0.039) than patients with refractory anemia with ring sideroblasts.

Conclusions

The clinical course of refractory anemia with ring sideroblasts and marked thrombocytosis is bet-
ter than that of refractory anemia with ring sideroblasts and worse than that of essential throm-
bocythemia. The higher risk of thrombotic events in this disorder suggests that anti-platelet ther-
apy might be considered in this subset of patients. From a clinical point of view, it appears to be
important to consider refractory anemia with ring sideroblasts and marked thrombocytosis as a
distinct entity.
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Introduction

In the third edition of the World Health Organization
(WHO) classification (2001), refractory anemia with ring
sideroblasts associated with marked thrombocytosis
(RARS-T) was proposed as a provisional entity. This enti-
ty was created to group together patients who have the
clinical and morphological features of refractory anemia
with ring sideroblasts (RARS), a myelodysplastic syn-
drome (MDS), and thrombocytosis that is a mark of
myeloproliferative neoplasms (MPN) such as essential
thrombocythemia (ET). At that time, the threshold to
define thrombocytosis in RARS-T and ET was a platelet
count equal to or above 600x10°/L, and most studies per-
formed since then have used this threshold. In the 2008
WHO classification of myeloid neoplasms,"” RARS-T was
classified in the so-called myelodysplastic/myeloprolifer-
ative neoplasms (MDS/MPN), which also include chronic
myelomonocytic leukemia,® atypical chronic myeloid
leukemia (BCR-ABL1 negative)' and juvenile myelomono-
cytic leukemia.® The threshold to define RARS-T was
lowered to a platelet count equal to or above 450x10°/L
for two reasons. Firstly, studies showed that patients with
a platelet count above or below 600x10°/L, for the JAK2
V617F mutation in particular, share common biological
features. Secondly, it is coherent with the threshold of
450x10°/L now used for the diagnosis of ET patients.

Ring sideroblasts are the distinctive feature of siderob-
lastic anemias.® In particular, their presence in the bone
marrow (15% or more) is a marker of the myelodysplas-
tic syndrome defined as RARS which is characterized by
both morphological dysplasia in only the erythroid line-
age and a favorable clinical outcome.”*

Mutations in the Janus Kinase 2 gene (JAK2) and/or
myeloproliferative leukemia protein gene (AIPL) have
been detected in 50-60% of patients with RARS-T.”*
Some of us recently showed that RARS-T is indeed a
myeloid neoplasm with both myelodysplastic and myelo-
proliferative features at the molecular and clinical level,
and that it may develop from RARS through the acquisi-
tion of somatic mutations of JAK2, MPL or other as yet
unknown genes." This conclusion was recently con-
firmed by an independent observation.”” However, the
very presence of these mutations has also raised the ques-
tion of whether RARS-T is a form of essential thrombo-
cythemia rather than a separate condition.”

Since RARS-T is a rare disorder, we conducted a collab-
orative study in several European countries to define the
clinical features of this myelodysplastic/myeloprolifera-
tive neoplasm, and to compare its clinical outcome with
that of RARS and ET.

Design and Methods

Patient selection

A total of 200 RARS-T cases according to the WHO 2008 cri-
teria from 16 centers in 6 European countries were retrospective-
ly enrolled. Patients were diagnosed with RARS-T if they fulfilled
the following criteria: i) refractory anemia (hemoglobin level
<125g/L for females and <135g/L for males) with erythroid dys-
plasia and more than 15% ring sideroblasts; ii) thrombocytosis of
more than 450x10° platelets/L; iii) less than 5% blast cells in the
bone marrow; iv) the presence of large atypical megakaryocytes
similar to those observed in BCR-ABL1 negative MPN; v) no sec-

ondary cause of ring sideroblasts; and vi) no karyotype abnormal-
ities such as del (5q), t(3;3)(q21;q26) or inv(3)(q21;q26). Only
patients with sustained elevation of platelet count without any
other cause of thrombocytosis were recorded.

For each patient with RARS-T, we collected data for one
patient with RARS from the same center, matched for year of
birth (+3 years) and sex. The different centers provided us with
123 cases that we took up to a total of 200 with RARS patients
matched for year of birth (+3 years) from the Dijon registry.
After review of the 200 medical records of the collected RARS
patients, 35 RARS patients with multilineage dysplasia were
excluded because they fulfilled the criteria of refractory cytope-
nia with multilineage dysplasia and ring sideroblasts which is
another entity of the WHO classification associated with a
shorter survival than RARS. Finally, 165 RARS patients were
recorded. One hundred and forty-three patients with essential
thrombocythemia gathered from the different centers were
added to 311 patients with the same disease from the Dijon
Registry, since their survival was comparable, and these were
used as controls (Online Supplementary Table S1).

Data record

The diagnosis of acute myeloid leukemia (AML) was made
according to the WHO criteria based on a threshold of 20%
blasts in the bone marrow. All thromboses occurring at the time
of diagnosis or during follow up were recorded. Arterial throm-
botic events included cerebral (stroke, transient ischemic attack),
cardiac (myocardial infarction) and peripheral arterial thrombo-
sis. Venous thromboses included deep venous thrombosis, pul-
monary embolism or splanchnic (hepatic, portal, splenic or
mesenteric) venous thrombosis. Superficial venous thromboses
were not considered. The JAK2V617F allele burden was analyzed
according to the method published by Lippert et al.*® MPL muta-
tions were detected using sequencing analysis.

Statistical analyses

Comparison between categorical variables was performed by
%’ statistics. Fisher‘s exact test was used when the hypothesis of
the %’ test was not confirmed. Categorical and continuous vari-
ables were compared using the Kruskal-Wallis test. All probabili-
ty values were two-tailed. P<0.05 was considered statistically sig-
nificant.

Standardized overall survival was estimated by the Kaplan-
Meier method and based on the time from the date of diagnosis
to death or last contact and with weighted data with frequency
according to sex and age. Survival curves for the different groups
were compared using the log rank test. Multivariate analysis was
performed using Cox’s proportional hazards models. A similar
analysis was performed for leukemia free survival (LFS). Time to
leukemia transformation or death was used to calculate LES.
Analyses were performed using STATA.10 software. We per-
formed Poisson’s regression analysis to compare the incidence of
thrombotic events and AML transformation between the three
groups of patients. Median follow up was determined using the
reverse Kaplan-Meier estimator. The median follow-up survival
was 102, 79 and 61 months for ET, RARS and RARS-T patients,
respectively. The median follow up for thrombotic events was
102, 81, and 61 months for ET, RARS and RARS-T patients,
respectively. The median follow up for AML transformation was
100, 73 and 59 months for ET, RARS and RARS-T patients,
respectively.

Approval for the study was obtained from the ethics commit-
tee of each institution and the procedures were carried out in
accordance with the Helsinki Declaration of 1975, as revised in
2000.

RARS with marked thrombocytosis -
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Results

Clinical and biological features

A total of 200 RARS-T (105 females and 95 males), 165
RARS (84 females and 81 males) and 454 ET (252 females
and 202 males) patients were included in the study. At the
time of diagnosis, ET patients were significantly younger
than RARS-T (P<0.001) and RARS patients (P<0.001)
(median age of 68.4, 73.6 and 77.1 years, respectively),
which led us to standardize for age and sex in the overall
survival analyses. The demographic, clinical and biologi-
cal features of each group are described in Table 1.

Compared with RARS patients, RARS-T individuals
had a higher hemoglobin level (P=0.032), white blood cell
count (WBC) (P<0.001), platelet count (by definition)
(P<0.001) and percentage of ring sideroblasts (median
45.5% vs. 40%, P=0.018), with similar mean corpuscular
volume (MCV). In contrast, RARS-T patients showed
lower hemoglobin levels (P<0.001), and WBC (P<0.001)
and platelet counts (P<0.001), but higher MCV (P<0.001)
than did ET patients. Of note, 6 patients classified as hav-
ing RARS at diagnosis had a subsequent increase in
platelet count with RARS-T features after a median delay
of 63 months, and were thus recorded as RARS-T. Two of
them carried the JAK2V617F mutation at the time of diag-
nosis of RARS, with an increase in the allele burden in
one patient when disease evolved to RARS-T. For 2 oth-
ers, the evolution toward the RARS-T diagnosis was asso-
ciated with the detection of the JAK2V617F mutation that
had not been observed at the RARS state. The platelet
count ranged from 55 to 397x10°/L at the RARS state,
then from 458 to 958x10°/L when these patients trans-
formed to RARS-T.

When the RARS-T JAK2V617F positive and negative
patients were compared, JAK2V617F positive patients
had higher hemoglobin levels (P=0.002), and WBC
(P=0.023) and platelet counts (P<0.001).

Mutational status

The JAK2V617F mutation was screened for 175 RARS-T
patients, 30 RARS patients and 240 ET patients, and MPL
mutations were screened for 141 RARS-T patients, 33
RARS patients and 37 ET patients. The JAK2V617F muta-
tion was found in 42.9%, 10.0% and 72.6% in RARS-T,
RARS and ET patients, respectively (P<0.001), whereas an
MPL mutation was found in 3.5%, 3.1% and 3.4%,
respectively. The JAK2V617F allele burden was available
for 160 RARS-T patients, 30 RARS patients and 57 ET
patients. Among the JAK2 positive patients, the
JAK2V617F allele burden was 50% or over in 16% of
RARS-T.

Survival

Using sex and age-standardized survival analyses, sur-
vival in RARS-T patients was shorter than in ET patients
(median survival 76 months vs. 115 months, P<0.001) but
longer than in RARS (median survival 76 months vs. 63
months, P<0.001) (Figure 1). Similar results were noted for
LES.

In RARS-T patients, no difference in survival was noted
regardless of the JAK2 mutational status or platelet thresh-
old (i.e. > or <600x10°/L) (Figures 2 and 3).

Thrombotic events and acute myeloid transformation
Thrombotic events expressed as thrombotic events per

100 patient years were similar in ET (3.9) and in RARS-T
(3.6) but more frequent than in RARS (0.9) patients
(P=0.009 and P=0.039, respectively). Acute myeloid trans-

Table 1. Demographic, clinical and biological characteristics of patients with
RARS-T compared with RARS and ET.

RARS ET P values
1: RARS-T vs. RARS
2: RARS-T vs. ET
3: RARS vs. ET
N. 200 165 454
Male (%) 47.5 49.1 44.5
Age at diagnosis (years) 1: P<0.001
Median 73.6 7.1 68.4 2: P<0.001
Range 18-95 45-100 15-95 3: P<0.001
Follow up (months)
Median 61 79 102
Range 0-245 0-208 1-349
Patients with thrombotic 3.6 0.9 39 1: P=0.039
event (/100 patients/year) 3:P=0.009
AML transformation 1.8 2.4 0.7 2: P=0.033
(/100 patients/year)
JAK2V61TF mutation (%)  42.9 10.0 726 1: P=0.001
N. 175 30 240 2: P<0.001
3: P<0.001
JAKZVG1TF allele burden (%)
Median 21 3 23
Range 1-92 1-13 2-90
MPL mutation (%) 3.5 3.1 34
N. 141 33 37
WBC (x10%/L) 1: P<0.001
Median 79 5.7 9.5 2: P<0.001
Range 2-60 1-20 3-52 3: P<0.001
Hb (g/L) 1: P=0.032
Median 99 96.5 143 2: P<0.001
Range 50-130 40-130 100-180 3: P<0.001
Platelets (x10%L) 1: P<0.001
Median 631 267 837 2: P<0.001
Range 450-2522 9-444 450-3929 3: P<0.001
Ring sideroblasts (%) 1: P=0.018
Median 45.5 40 NA
Range 15-95 15-96 NA
MCV (fl) 2: P<0.001
Median 99 101.5 874 3: P<0.001
Range 65.2-134 79-119 64.2-105
Transfusion (%) 50.3 56.0 10.0 1: P<0.001
2: P<0.001
3: P<0.001
EPO treatment (%) 53.3 50.0 0 1: P<0.001
2: P<0.001
3: P<0.001
Cytoreductive therapy (%) 32.2 7.6 86.5 1: P<0.001
2: P<0.001
3: P<0.001
Antiplatelet therapy (%)  51.5 9.5 87.5 1: P<0.001
2: P<0.001
3: P<0.001

Thrombotic events include thromboses at diagnosis and/or during evolution. RARS-T: refractory
anemia with ring sideroblasts and marked thrombocytosis; RARS: refractory anemia with ring
sideroblasts; ET: essential thrombocythemia; vs.: versus; AML: acute myeloid leukemia; JAK2:
Janus kinase 2; MPL: myeloproliferative leukemia; WBC: white blood cells; Hb: hemoglobin; NA:
not applicable; MCV: mean corpuscular volume; EPO: erythropoietin.



formation per 100 patient years was similar in RARS-T
(1.8) and RARS (2.4), and higher in RARS-T than in ET
(0.7, P=0.033).

Treatments

There was no difference in supportive care, including
transfusion and the use of erythropoietin, between RARS-
T and RARS patients (50.3% and 56.0% were transfused,
whereas 53.3% and 50.0% received erythropoietin,
respectively). However, RARS-T patients were more fre-
quently treated with antiplatelet drugs (51.5%) and
cytoreductive therapy (32.2%) than were RARS patients
(P<0.001 in both cases).

Discussion

RARS-T was first proposed in the WHO 2001 classifica-
tion as a provisional entity and was included again as a
provisional entity in the 2008 version since it was not clear
whether this form was a distinct entity or whether it rep-
resented a group of MDS or MPN that acquired secondary
ring sideroblasts.! However, it has been proposed that this
category should be discarded since it is a rare disease with
similar features to those observed in ET and with no dif-
ferences in therapeutic management.*

In fact, the lack of any previous large series of patients
prevented us from drawing any clear and definitive con-
clusions on the best classification of this entity. The pres-
ent study included 200 RARS-T cases which is, to the best
of our knowledge, the largest series of RARS-T patients
ever studied.

In our study, as previously noted,”® RARS-T patients had
higher hemoglobin levels and WBC and platelet counts
than did RARS patients, as well as RARS-T JAK2V617F
positive patients compared with JAK2V617F negative
patients. On the other hand, this myeloproliferative
advantage of the JAK2V617F mutation has been reported
both for hemoglobin and WBC but not for the platelet
count in ET, since mutated ET classically has a lower
platelet count than the non-mutated types.”” Of note,
unlike a previous study that did not find a JAK2V617F
mutation in RARS patients with mild thrombocytosis
(platelets 400-600x10°/L),”* in our study, 28% of our
RARS-T patients with platelets less than 600x10°/L har-
bored JAK2 mutations.

The JAK2V617F allele burden was more than 50% in
16% of our RARS-T patients while Schmitt-Graeff et al.
reported a higher percentage.”® Nevertheless, this propor-
tion of homozygous forms was clearly higher than the
commonly reported low rate of homozygous JAK2V617F
mutated ET.” Finally, MCV was high in both RARS-T and
RARS patients (99 and 101.5 fI, respectively) whereas it
was normal in ET (87.4 fl).

Surprisingly, in our work, we found higher percentages
of RARS patients with a mutation of JAK2 and/or MPL
than those usually reported.”**” This finding is related to
the small number of RARS patients tested, since these
tests were performed in only 30 and 33 RARS patients,
respectively. Three were mutated for the JAK2V617F asso-
ciated with a low allele burden (1%, 3% and 13%). Only
one patient carried an AMPL mutation (to the best of our
knowledge, this has never been reported in RARS) and
had a high platelet count (391x10°/L) with a normal WBC
count. These cases can be related to recent findings:

Malcovati et al. reported 2 cases of initial RARS that sub-
sequently acquired the JAK2V617F mutation associated
with thrombocytosis, leading to the diagnosis of RARS-
T." The authors hypothesized that RARS-T may develop
as a consequence of the acquisition of a JAK or MPL muta-
tion. In fact, the presence of an /IPL mutation in RARS,
mainly noted in MPN and less frequently in RARS-T, rein-
forces this hypothesis. Furthermore, in our series of
patients, 6 who were initially considered as having RARS
(2 with a JAK2V617F mutation) went on to develop RARS-
T after a median delay of 63 months (associated with an
appearance or an increase in the JAK2 allele burden in 3
cases), suggesting that RARS-T may develop from a pre-
existing RARS through the acquisition of a JAK or MPL
mutation.

Conlflicting results have been reported on the impact of
the JAK2V617F mutation on survival in RARS-T
patients.”® Our results clearly show that no difference
was observed in the survival rate between JAK2V617F
positive and negative RARS-T patients.

In the 2008 WHO classification, the threshold platelet
count for the definition of RARS-T was decreased from

Standardized overall survival
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Figure 1. Kaplan-Meier standardized overall survival curves of three
patient groups. Standardized survival of RARS-T is shorter than ET
patients (median survival 76 months vs. 115 months, log rank test:
P<0.001) but also longer than RARS patients (median survival 76
months vs. 63 months, P<0.001). ET: essential thrombocythemia;
RARS: refractory anemia with ring sideroblasts; RARS-T: refractory
anemia with ring sideroblasts and marked thrombocytosis.
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Figure 2. Kaplan-Meier standardized overall survival curves of RARS-
T patients according to platelet count (> or < 600x10°/L). No differ-
ence is noted between the two groups.
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Figure 3. Kaplan-Meier standardized overall survival curves of RARS-
T patients according to the JAK2V617F mutation. No difference is
noted in JAK2 positive and negative patients. JAK2: Janus Kinase 2.

600 to 450x10° platelets/L. One could ask whether the
outcome in patients with 450-600x10° platelets/L is similar
to that in those patients with more than 600x10°
platelets/L. Raya et al. have already answered this question
in a previous study in which they show that there was no
difference in survival between the two groups.”® Our study
confirmed this finding in a large series since no difference
was noted in the outcome according to the platelet thresh-
old.

Since the median age of RARS-T patients was high at
diagnosis, control ET and RARS patients were also old. As
a consequence, the median survival of RARS and ET
patients was shorter than that usually reported. On the
other hand, to rule out sex and age differences between
the three groups, we performed age and sex standardized
survival analyses. Our results showed better outcomes in
RARS-T than RARS patients related to survival and LES
but worse outcomes than those in ET. This confirms pre-
vious findings in a large series of patients.”®” In these
three studies, median overall survival in the RARS-T group
was lower than in the ET group. However, in the present
study, RARS-T patients were more likely than RARS
patients to have thrombosis, suggesting that anti-platelet
therapy might be considered in this subset of patients.

Finally, from a therapeutic point of view, the recent
report of the efficacy of lenalidomide, a drug that has been
used successfully in MDS, in 2 RARS-T patients is also in
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Figure 4. Kaplan-Meier standardized leukemia free survival curves
of three patient groups. Standardized leukemia free survival of
RARS-T is shorter than that of ET patients (median survival 74
months vs. 110 months, log rank test: P<0.001). Standardized
leukemia free survival of RARS patients was lower than that of ET
patients (P<0.001). ET: essential thrombocythemia; RARS: refracto-
ry anemia with ring sideroblasts; RARS-T: refractory anemia with
ring sideroblasts and marked thrombocytosis.

keeping with an MDS rather than MPN origin of RARS-T.*

In conclusion, taking all of the parameters into account,
and despite the fact that RARS-T shares several features
with both ET and RARS, the findings of this study show
that survival and LFS in RARS-T are lower than those in
ET. This confirms previous observations. Survival and LES
in RARS-T are better than in RARS, but with a higher risk
of thrombosis, justifying anti-platelet therapy to prevent
thrombotic events. RARS-T seems to be a particular dis-
ease potentially deriving, at least in some cases, from a
previous RARS but with a better outcome. Therefore,
from a clinical point of view, it appears to be important to
consider RARS-T as a distinct entity.
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