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Abstract

Background: Myelodysplastic Syndromes (MDS) are typically characterized by peripheral blood cytopenias.
However, some MDS is associated with thrombocytosis rather than thrombocytopenia. The prognostic
significance of thrombocytosis is unknown. The purpose of this study is to determine if thrombocytosis predicts
Overall Survival (OS).

Methods: We reviewed a prospective cohort of patients with myeloid disorders from 1994 to July 2011. The
median duration of observation was 6.3 years. The cohort included 5,886 bone marrow biopsies or aspirates from
2,042 patients. OS of patients with thrombocytosis was compared to WHO case matched patients with normal
(100-450,000) and low platelet counts (<100,000). All-cause mortality was evaluated using Cox proportional
hazard regression modeling and Kaplan Meier methods.

Results: Thrombocytosis occurred in 5% (102/2,042) of patients throughout their disease. Platelet counts
remained stable in 86% of patients (1,593/1,856) and thrombocytosis was constant in 93% of patients (86/92).
Patients with thrombocytosis had significantly decreased OS compared to those with normal platelet counts in
multivariate analysis adjusted for age and IPSS score (P< 0.035). Patients with normal platelet counts had the
best prognosis and patients whose platelet counts changed during their disease course had the worst survival
(p< 0.0009).

Conclusions: MDS patients with thrombocytosis have significantly decreased OS compared to those with

normal platelet counts. The IPSS score does not accurately predict their prognosis.

Keywords: Myelodysplastic syndromes; Thrombocytosis; Prognosis;
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Background

Myelodysplastic syndrome is a heterogeneous group of clonal
hematopoietic stem cell diseases clinically characterized by variable
cytopenia. Multiple studies have demonstrated that thrombocytopenia
at diagnosis is associated with worse Overall Survival (OS) [1-5].
However, certain MDS subsets present with thrombocytosis rather
than cytopenia. MDS subtypes associated with thrombocytosis include:
1) Deletion 5q 2) Refractory anemia with ringed sideroblasts and
thrombocytosis (RARS-T) and 3) 3q21.q26 syndrome that affects the
thrombopoietin gene [6].

The clinical significance of MDS that presents with thrombocytosis
is unknown. Thrombocytosis is rare with an 8% incidence [7] in the
largest previously reported case series that included 31 patients with
MDS and platelets > 400,000. Thrombocytosis in this series was
associated with decreased incidence of high grade MDS, equal Acute
Myelogenous Leukemia (AML) transformation, with a trend toward
longer Overall Survival (OS) compared to patients with normal
platelets with similar IPSS and age. In contrast, others found a decrease
in OS using a series of 22 patients with platelets > 600,000 [8]. The
diagnostic criteria defining thrombocytosis has recently changed.
The World Health Organization (WHO) 2008 classification defined
thrombocytosis in RARS-T as having a platelet count > 450,000 in
2008, decreased from > 600,000 in its 2003 classification. This decrease
in platelet count was consistent with Essential Thrombocytosis (ET)
requiring > 450,000 platelet count. Since the International Prognostic
Scoring System (IPSS) includes the number of cytopenias in its scoring
system, it may be inaccurate in predicting OS in thrombocytosis.

The purpose of this study is to define the incidence of thrombocytosis
in MDS and determine its prognostic impact on overall survival.

Methods

We analyzed a prospective cohort of patients with myeloid disorders
treated at the University of Massachusetts Medical Center (MC) in
Worcester, MA; Rush University MC in Chicago, IL; St. Vincent’s MC
in New York, NY; and Columbia University MC in New York, NY from
1994 to July 2011. The registry included 5,886 bone marrow biopsies
and aspirates from 2,042 patients with a median age of 68 years (range
14-106 years). The median duration of follow-up was 6.3 years. We
searched for patients with thrombocytosis defined as having platelet
counts > 450,000. For patients with multiple samples, any entry with
platelets > 450,000 was included (see Figure 1) and subset analysis
performed on patients with consistently elevated and unstable counts.
Patients with Chronic Myelogenous Leukemia (CML) were excluded.
Informed consent was obtained when patient’s bone marrow samples
were donated to the tissue repository.
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Figure 1: Selection Criteria.
Platelet Category, Count (x10°L), Total (N) Low <100, 94 Normal 100-450, 93 High > 450, 86 Univariate P score
Age, y, median (range) 66 (14-88) 68 (23-92) 66 (36-85) <0.001
Female/Male, % 30/70 43/57 43/57 0.15
Hemoglobin, g/dL, median, (range) 9.4 (4.2-13.6) 9.6 (6.2-14.8) 9.2 (5.2-15.1) 0.005
Neutrophil count x109/L (range) 1.1 (0.0-10.1) 1.8 (0.2-32.9) 3.6 (0.3-37) 0.14
Platelet count x109/L (range) 21 (1-86) 239 (201-334) 590 (450-1655) 0.06
FAB/WHO, N, (%)
RA 42 (45) 34 (37) 20 (23) 1.0
RARS 21 (22) 27 (29) 21 (24) 0.5
RAEB 11 (11) 10 (11) 10 (12) <0.001
RAEB-t 4(4) 4 (4) 2(2) <0.009
AML 3(3) 3(3) 3(4) 0.008
CMML 3(3) 2(2) 3(4) 0.004
Overlap MPN/MDS 0(0) 0(0) 9 (11) 0.5
Systemic Mastocytosis 0(0) 0 (0) 1(1) N/A
RCMD 0(0) 0(0) 2(2) 0.2
Other 5(5) 6 (6) 8 (9) 0.9
N/A 5(5) 7(8) 7(8) 0.9
CYTOGENETICS, N, (%) *
Good 46 (49) 74 (80) 63 (73) 1.0
Intermediate 21 (22) 12 (13) 13 (15) 0.2
Poor 27 (29) 7(7) 10 (12) 0.001
IPSS SUBTYPE, N, (%)
Low 5 (5) 46 (49) 41 (48) 1.0
Intermediate-1 57 (61) 34 (37) 35 (41) <0.001
Intermediate-2 22 (23) 9 (10) 7 (8) <0.001
High 10 (11) 4(4) 3(3) <0.001
RACE, N, (%)
Asian 1(1) 2(2) 2(2) 0.2
Black 4 (5) 3(3) 4 (5) 0.5
Hispanic 0(0) 2(2) 1(1) 0.3
White 83 (88) 78 (84) 71(83) 1.0
Other 0 (0) 1(1) 2(2) 0.4
Unknown 6 (6) 7(8) 6(7) 0.9
SURVIVAL STATUS
Not Alive 84 (89) 71 (76) 60 (70)
Alive 10 (11) 22 (24) 26 (30)

'See Supplemental Table 1A for specific cytogenetic abnormalities

Table 1: Baseline Characteristics of Patients with Myeloid Malignancies.
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Figure 2: Kaplan Meier Survival Curves based on Platelet Count.
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Patients were stratified according to: WHO Classification, IPSS
classifications and cytogenetics. Karyotype classification utilized
the IPSS cytogenetic scoring into good (normal, deletion 5q alone,
or deletion Y alone), poor (chromosome 7 abnormality or complex
karyotype [>3 different cytogenetic abnormalities]) and intermediate
(all other aberrations, including addition of Chromosome 1 or
Chromosome 8) [9]. Overall survival (OS) was calculated from the time
of first sample collection to time of death from any cause. If the date of
diagnosis was unknown, the date of first available bone marrow was
used as the date of diagnosis.

Control groups were matched for WHO subtype for normal platelet
count (100-450,000) and low platelet count (<100,000). After sorting
the database by platelet count, the normal platelet group was selected
from the first consecutive 50 patients with platelet counts above and
below the median count of 275,000. The low control group was selected
from the first consecutive 100 patients with the lowest platelet count.
Since MyeloProliferative Neoplasms (MPN) do not occur by definition
in normal or low platelet counts, RA was substituted in these groups.

Statistical Analysis

Patient characteristics were compared using the Fishers exact test
for categorical data. Patients last known to be alive were statistically
censored. OS was evaluated using unadjusted and adjusted Cox
proportional hazard regression modeling. Multivariate analysis for
OS was adjusted for IPSS risk group at first sample collection and age-
adjusted mortality. OS curves were constructed using Kaplan-Meier
methods. Subset analysis weighed WHO subtypes (RA and MPN) that
were not equally represented in the platelet categories.

Results

Platelet count remained stable throughout patients’ disease
course regardless of platelet category. Out of the 5,886 bone marrow

biopsies from 2,042 patients, 1,856 were included in analysis and 186
patients were excluded due to missing platelet counts (Figure 1). Most
MDS patients regardless of platelet count at presentation had stable
platelets from presentation to death (86%, 1,593/1,856). Out of the 14%
(263/1,856) of patients whose platelet counts changed, most transitioned
from normal to thrombocytopenia (9%, 170/1,856) likely representing
treatment side effects or disease progression. Only 2% (45/1,856)
with either thrombocytopenia or < 1% (15/1,856) thrombocytosis at
presentation subsequently developed normal platelet count. Less than
1% of MDS cases changed from thrombocytopenia to thrombocytosis
(13/1,856), from normal counts to thrombocytosis (19/1,856), or from
thrombocytosis to thrombocytopenia (1/1,856) (Figure 1A).

The incidence of thrombocytosis occurring at anytime during
disease course was 5% (102/1,856). Out of the 102 patients with
thrombocytosis, 86 (93%) with consistently increased counts were
included in analysis, 10 were excluded due to missing data or having
CML and 6 (7%) with unstable thrombocytosis were excluded. However,
subset analysis was performed comparing patients with consistently
elevated counts to those with unstable thrombocytosis.

Control groups were matched for WHO subtype for normal
platelet count and low platelet count. In the normal platelet category,
out of the 100 selected, 94 were analyzed and 6 were excluded due to
unstable platelet counts' . In the low platelet control group, out of the
100 selected, 93 patients were included in analysis and 7 were excluded
(3 due to missing data and 4 with unstable platelet counts).

Age, gender, hemoglobin count and race were similar in the 3
groups (see Table 1 for Baseline Characteristics). The median platelet
count was 21,000 in the low platelet, 239,000 in the normal and 590,000

Two patients initially presented with normal platelet counts and subsequently
developed thrombocytosis, and four initially presented with normal platelet counts
but later became thrombocytopenic
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Characteristic, N 0S8, y, median, (range) 0S8, Hazard Ratio (95% CI)* Univariate P Value Multivariate P Value

Age (y), N, median, range

<60, N= 77, 52 (14-60) 5.3 (0-28.5) 1.0 N/A

60-70, N=91, 66 (61-69) 3.1(0.1-18.3) 1.9 0.001 0.001

270, N=105, 75 (70-92) 3.2(0.1-13.7) 2.2 <0.001 < 0.001
IPSS

Low, N=92 5.8 (0.2- 24.3) 1.0 N/A N/A

Intermediate 1, N=126 3.4 (0.0-28.5) 1.9 <0.001 0.002

Intermediate 2, N=38 1.5(0.3-17.4) 3.8 <0.001 0.001

High, N=17 2.3 (0.1-6.6) 5.8 <0.001 0.001
Platelet category (Count)

Low (<100,000) 2.2 (0.1-28.5) 1.8 0.001 0.002

Normal (100,000-450,000) 5.8 (0.3-21.2) 1.0 N/A N/A

High (>450,000) 3.3 (0-14.7) 1.5 0.065 0.035

" N-Number; OS-Overall survival; y-years; Cl-Confidence Interval; N/A- Not applicable

Table 2: Multivariate Analysis of Prognostic Parameters for Survival' .

in the high group. Median neutrophil count was also increased in the
high platelet category with median count 3.6 x10°/L compared to 1.8
x10°/L in the normal and 1.1 x10°/L in the low groups. The distribution
for all WHO subtypes was similar in the 3 groups with the exception
of MPN. Subset statistical analysis, however, found no change in OS
due to unequal distribution; likely because both MPN and RA have
better survival. Cytogenetics and IPSS score were similar in the high
and normal platelet categories. Patients in the low platelet category had
adverse cytogenetics and a higher IPSS than both the normal and high
platelet groups.

Kaplan Meier survival curve based on platelet count demonstrates
that thrombocytosis had a significantly worse OS compared to normal
platelets (Figure 2). Thrombocytosis had a median OS of 3.3 years
compared to 5.8 years in the normal platelet group. Thrombocytopenia
had the lowest OS with 2.2 years. Univariate analysis for older age (>60
years old), lower hemoglobin level, higher neutrophil count, specific
WHO subtypes (RAEB, RAEB-t and MDS evolving into AML),
cytogenetics, IPSS intermediate/high risk subtypes and low platelet
count at diagnosis significantly affected OS (see Table 1). Gender and
race did not have a statistical affect OS. Thrombocytosis decreased OS
in univariate analysis (P < 0.065) and multivariate analysis adjusted for
IPSS and age-adjusted mortality (P < 0.035, HR 1.5, Table 2). Decreased
hemoglobin level and increased neutrophil count were also significantly
prognostic of decreased OS in multivariate analysis (p < 0.03, HR 0.92)
and (0.001, HR 1.5), respectively.

Discussion

To date, this is the largest reported cohort of MDS patients
with thrombocytosis. Surprisingly, the current analysis found that
thrombocytosis is an important adverse prognostic factor that predicts
for a significantly decreased OS in multivariate analysis after adjustment
for age and IPSS score. In our cohort the incidence of thrombocytosis
was 5%. Patients with thrombocytosis regardless of IPSS or age, have
a median OS of 3.3 years; which is comparable to the OS of patients
with IPSS intermediate 1 (median OS 3.4 years). Perhaps patients with
thrombocytosis may benefit from earlier treatment than their IPSS
score indicates. However, it should be noted that no treatment has of
yet been proven to prolong OS in low-grade MDS. Thus, this dataset did
not examine the effect of various treatments on OS.

This study has several strengths. Unlike previous studies, the
definition of thrombocytosis is in agreement with the WHO revised 2008
classification of overlap MDS/MPN, having a persistent platelet count
> 450,000. In addition, patients were matched by WHO classification

instead of IPSS. Since cytopenia is inherent in calculating IPSS, it may
not accurately predict the prognosis of patients with thrombocytosis.
Baseline characteristics (including cytogenetics and IPSS) for normal
and high platelet groups were equally represented when matched by
WHO classifications.

However, this study is unable to compare high- to low- platelet
counts since matching patients by WHO subtypes alone results
in groups with differing cytogenetics and IPSS. Since others have
demonstrated that patients with platelets < 30,000 have a worse
prognosis than those with < 100,000 [1]; our low platelet group is
expected to have a particularly poor prognosis since 76% (71/93) had
platelets < 30,000. Thus, additional studies comparing the prognostic
impact of thrombocytosis with thrombocytopenia must be matched for
WHO, IPSS and age.

Patients with an elevated platelet count that did not remain
consistently elevated during their natural history underwent subset
analysis. Variable platelet counts were associated with disease
progression over time. Patients with unstable platelets had the shortest
OS when compared to those with stable low-, high-, or normal-platelet
counts. The median OS of 3.2 years (0.8- 4.5) was significantly less (p
< 0.0009, HR 5.7) compared to normal stable platelet counts. All six
patients (6/92) whose platelet count changed over time had normal
platelets at presentation. Two patients developed thrombocytosis and
four patients later developed thrombocytopenia. Two patients had
additional cytogenetic abnormalities in their repeat bone marrow
biopsy.

Interestingly, platelet counts in 86% of patients in our cohort
remained stable from presentation to death. Once a patient developed
thrombocytosis, almost all patients (93%) continued to exhibit
thrombocytosis throughout the remainder of their disease. The stability
of the platelet count suggests that it is associated with the underlying
disease representing an epiphenomenon with a worse OS. It is unclear
if thrombocytosis is the cause (due to complications from elevated
platelet counts) or effect (due to a more aggressive underlying biology)
of decreased OS.

In ET, thrombocytosis itselfis associated with increased hemorrhage
[10] and thrombosis in patients over 60 years of age [11]. Patients
with JAK2 mutation (V617F) in MPN are especially at risk for having
increased venous and arterial thrombosis [12]. Similarly, patients with
thrombocytosis in MDS may be especially at risk for complications,
since both MDS and thrombotic events increase with age and JAK2
mutations in overlap MDS/MPN is common.
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Alternatively, thrombocytosis in MDS represents a unique
underlying disease. Indeed mechanisms leading to
thrombocytosis has recently been elucidated in all MDS subtypes
characterized by elevated platelets. Depending on the platelet threshold
definition, 30-90% RARS-T harbored JAK2 mutation, with higher
platelet counts associated with the mutation [13,14]. Furthermore,
in RARS-T the MPL mutation results in transcriptional activation
of the thrombopoietin gene located at 3q26 [13,15]. Both JAK2 and
MPL lead to constitutive activation of cytokine-regulated intracellular
signaling pathways and are mutually exclusive. In contrast, loss-of-
function mutations involved in epigenetic regulation, such as TET2
(ten-eleven-translocation-2) and ASXL1 (additional sex-comb like 1),
have also been found in MDS subtypes with thrombocytosis. TET2
converts 5-methylcystosine into 5-hydroxymethylcystosine and can
occur before or after JAK2 mutation in RARS-T [16]. ASXL1 encodes
a member of the polycomb family of chromatin-binding protein and
its mutation occurs in > 40% CMML [17]. When a TET2 mutation is
acquired in MPN after the JAK2 V617F mutation it is associated with
disease progression [18]. Another mutation identified in RARS-T
and in all MDS with ringed sideroblasts (RS), is SF3B1 [19,20]. This
protein is an essential component of the spliceosome complex that
joins exons from precursor RNA molecules containing both introns
and exons to generate a specific messenger RNA. Presently, how the
biological function of SF3B1 mutation relates to disease pathology
is unclear. Additionally, several micro RNA (miR) in deletion 5q
syndrome have been implicated in causing thrombocytosis, including
miR-145, miR-146a and miR-150. In vivo inhibition of miR-146a
in vivo results in increased interleukin-6 levels (IL-6) leading to
increased megakaryocyte development [21]. Loss of miR145 results
in increased Fli-1 [22], an ETS-family transcription factor involved in
megakaryocytic and erythroid differentiation. The over-expression of
miR-145 or inhibition of Fli-1, in vivo causes the reciprocal effect with
decreased production of megakaryocytic cells relative to erythroid cells.
Furthermore, deletion of 5q was associated with increased miR150
and decreased mRNA expression of MYB, a transcription factor [23]
whose decreased expression promotes megakaryocytopoiesis [24].
Together, these insights into the molecular mechanisms underlying
thrombocytosis in MDS support the hypothesis of its unique disease
biology.

several

Several clinical questions remain unanswered. First, it is unknown
if MDS associated with thrombocytosis exhibits increased leukemic
transformation. Second, it is unclear whether current treatments for
MDS or ET, including myelosuppression, hypomethylating agents,
JAK2 inhibitors or platelet-lowering agents will impact OS.

In conclusion, MDS with thrombocytosis represents a subgroup
of patients with a significantly decreased OS which is not accurately
predicted by the IPSS. Thrombocytosis in MDS is thus not an
innocent bystander. It is unknown if this poor prognosis occurs due to
complications from thrombocytosis itself or due to a unique underlying
biology representing an epiphenomenon. The latter seems more
likely since mechanisms causing thrombocytosis have recently been
elucidated in all MDS subtypes characterized by thrombocytosis.
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