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Abstract

Myelodysplastic syndromes (MDS) represent a heterogeneous group of clonal hematologic neoplasms
characterized by morphologic dysplasia, aberrant hematopoiesis and peripheral blood refractory cytopenias.
MDS is recognized to be associated with an increased risk of symptomatic anemia, infectious complications and
bleeding diathesis, as well as a risk of progression to acute myeloid leukemia, particularly in patients with a high
IPSS score. The advent of use of hematopoietic growth factors such as granulocyte colony-stimulating factor
(G-CSF) and recombinant erythropoietin (EPO) has improved symptoms in MDS patients in addition to some
data that suggest there might be an improvement in survival. G-CSF is an effective therapeutic option in MDS
patients, and it should be considered for the management of refractory symptomatic cytopenias. G-CSF and
EPOQO in combination can improve outcomes in appropriate MDS patients such as those with lower-risk MDS and
refractory anemia with ring sideroblasts (RARS) . This article reviews use of growth factors for lower-risk MDS
patients, and examines the data for G-CSF, EPO and thrombopietic growth factors (TPO) that are available or

being developed as therapeutic modalities for this challenging disease.
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Introduction

The myelodysplastic syndromes (MDS) represent a
diverse group of clonal hematologic neoplasms in which
abnormal multipotent progenitor cells are involved. MDS
is characterized by morphologic bone marrow dysplasia,
aberrant hematopoiesis and peripheral blood refractory
cytopenias. They are accompanied by increased risk
of symptomatic anemia, infectious complications and
bleeding diathesis, as well as propensity to evolve to
treatment-resistant acute myeloid leukemia in 30% of
patients, particularly in those with high grade MDS. It is
well-recognized that immunologic dysregulation plays
an important role in the pathogenesis of MDS, leading to
ineffective hematopoiesis with progressive cytopenias.
The common presenting symptoms include fatigue,
dyspnea, bleeding and infection (Albitar et al., 2002;
Niner, 2008; Tefferi et al., 2009). In the United States the
epidemiological data of MDS has been collected only
in the past decade, and reportable to the Surveillance,
Epidemiology, and End Results (SEER) program
sponsored by the National Cancer Institute since 2001.
MDS is mostly a disease of older adults (median age 69
years), males are affected slightly more than females (55%
vs. 45%), and whites more than blacks. Average annual
age-adjusted incidence rate of MDS for 2001 was 3.3
and for 2003 was 3.6 per 100,000 which is almost equal

to 10,000 new cases a year. The latest annual number of
cases of MDS in US is approximately 15,000 cases that
has roots in better reporting system. The annual incidence
among individuals older than age 70 exceeds between
22 and 45 per 100,000 persons. Overall, MDS affects
approximately 1 in 500 persons over 60 years of age,
making it the most common hematologic malignancy
in this age group (Sekerers, 2011; Bennett et al., 1982;
Vardiman et al.,2009).The best survival for MDS patients
is in the category of refractory anemia (RA) with a median
of 28 months, and the worst median survival seen in
refractory anemia with excess blast (RAEB) with median
of 11 months (Ma et al., 2007). The common causes of
death in a cohort of 216 MDS patients included bone
marrow failure (infection/hemorrhage) 88%, and AML
transformation 28% (Greenberg et al., 1997). 90% of
cases are primary (de novo) whereas 10% are secondary
to chemotherapeutic agents, radiation, and chemical
exposures such as benzene and its derivatives. It is very
common for MDS patients to require blood transfusions,
about 22% of low risk and 68% of high risk patients are
red cell transfusion dependent. In one study, about 65%
had received blood transfusion, and 52% had received
transfusion in the past three months (Sekerers et al., 2008;
Sekers, 2010).

Allogenic hematopoietic stem cell transplantation is
the only available potentially curative treatment for MDS
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patients, but due to advanced age, donor availability, and
presence of multiple comorbidities not every patient would
be a good candidate for stem cell marrow transplantation.
As discussed below, thrombopietic stimulating agents
(TSAs), erythropoiesis stimulating agents (ESAs), colony
stimulating factors (CSFs), antithymocyte globulin (ATG),
lenalidomide, and hypomethylating agents are some of
the non-transplantation options for MDS patients, and
treatment should be individualized on the basis of MDS
grade (Komrokji et al., 2011). Prognosis is still poor
despite all of the available novel drugs and supportive
measures (Garcia-Manero, 2011).

Diagnosis and Classification

The process of diagnosis and classification of MDS
is usually started with a comprehensive history and
physical examination, complete blood count with manual
differential, reticulocyte count, measurement of serum
ferritin, vitamin B12, folate, erythropoietin levels, and iron
status level to rule out blood loss, inflammatory disorders,
and vitamin and mineral deficiencies. The most common
laboratory finding is anemia (80%), and most commonly
is macrocytic, but can be microcytic, or normocytic. Some
patients may develop thrombocytopenia in the course of
disease, and present with different types of bleeding.

Clinicians should be aware of the possibility of
recurrent infections and should anticipate that during the
course of MDS, life-threatening septicemia secondary
to neutropenia may occur. Bone marrow biopsy and
aspiration are needed for all patients to evaluate bone
marrow architecture and cellularity, and in the presence
of dysplasia with a hypercellular or hypocellular bone
marrow, this would be highly suggestive of the diagnosis.
Bone marrow cytogenetic findings are present in half
of the patients, and it is considered to be an important
laboratory finding of a significant prognostic and
therapeutic implications. The dysplasia may involve one
(refractory anemia, refractory thrombocytopenia) or more
cell lineages that affect clinical presentation and prognosis
(Barzi et al., 2010; Greenberg 2010; Garcia-Manero et
al., 2011). There are some conditions which can lead to
the development of secondary dysplasia which includes
megaloblastic anemias, toxic exposures to arsenic and
alcohol, dysplasia due to recent exposure to cytotoxic and
growth factor therapy, recent intercurrent illness, human
immunodeficiency virus, other viral infections, and copper
deficiency (Sekers, 2011).

It can be a challenging process to be able to differentiate
MDS from chronic anemia with a secondary dysplasia.
When a patient is found to have anemia, an extensive work
up for treatable and common causes of anemia including
gastrointestinal, cardiovascular, and renal system is
needed to rule out non-hematologic etiologies. In case of
intravascular hemolysis, PNH should be ruled out.

There are two distinct classification systems of French-
American-British (FAB) (Rollison et al.,2008) and World
Health Organization (WHO) (Hoffman et al., 1996), and
several prognostic scoring systems, the most widely
accepted is the International Prognostic Scoring System
(IPSS) (Sanz et al., 1989). There is no “staging system”
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for MDS, and each system has its own limitations. The
IPSS predicts overall survival, and divides patients to two
major categories: a two relatively low risk groups (which
constitute approximately 75% of MDS patients) and 2
higher risk groups (constituting 25% of cases) at the time
of diagnosis. In lower risk MDS, involved cell lines have
shorter survival (early apoptosis) by mechanisms that are
not fully understood, whereas pre-proliferative factors are
responsible in high risk MDS. Median survival of patient
depends on the score value.

In addition to its prognostic and survival significance,
the IPSS determines the risk of transformation to AML.
IPSS does not determine lower risk patients with poor
prognosis, which is the most important disadvantage of
it. Recently, Garcia-Manero et al proposed a new scoring
system for lower risk patients which divides them to three
categories 1 (median survival of 80.3 months), 2 (median
survival of 26.6 months), and 3 (median survival of 14.2
months) (Garcia-Manero et al., 2008). The prognostic
system is based upon the presence of the following factors
which by their presence would indicate a likely poorer
prognosis: older age, male gender, poor performance
status, comorbidities, low absolute neutrophil count, low
platelet counts, RBC transfusion requirements, high serum
ferritin, high LDH, bone marrow fibrosis, low CD11b,
high HLA-DR, counts of CD34, CD13, CD45, clonal
granulocytes, multiple chromosomal abnormalities, short
telomerase and long telomerase activity (Mittleman et al.,
2010).

Overview of Management

Several factors including age, IPSS score, life
expectancy, cytogenetic changes, and performance
status should be considered when choosing a therapeutic
modality. In view of the recent advances in our
understanding of the biology of MDS, treatment for MDS
has drastically changed in the past few years (Sanchez,
2011). MDS patients are often elderly individuals with
multiple comorbidities; clinicians should consider
three clinical parameters before starting any treatment
modalities: 1. age, 2. performance status and 3. the
international prognostic scoring system (IPSS)-defined
risk category (Myelodyspastic syndromes v.2 2010).
Anemia, neutropenia and thrombocytopenia, particularly
refractory cytopenias are major causes of substantial
morbidity and mortality in MDS patients. Therefore,
therapeutic goals in MDS patients should include control
of symptoms due to cytopenias.

This goal is often accomplished by supportive care
measures such as blood transfusions. The major goals of
therapy at all ages are to reduce morbidity and mortality,
improve quality of life, and minimize treatment-related
toxicities. As mentioned above, anemia is the most
common cytopenia, and MDS patients need frequent
transfusions during the course of their disease. Lifelong
transfusions can lead to secondary iron overload which
shortens survival. However, due to low survival rate the
risk and benefit of iron chelation therapy is not clear, and
should be individualized (Barzi et al., 2010; Bryan et al.,
2010; Tefferi 2010).



Supportive Care

Erythropoiesis stimulating agents (ESA)

Symptomatic anemia and associated fatigue are
usually considered to be one of the major problems in
MDS, which can cause significant morbidity and the
majority of the patients will need red blood cell transfusion
during the course of their disease. Erythropoietin (EPO)
is the primary stimulus of normal erythropoiesis (Erslev,
1991). Although ESAs have not been formally approved
by FDA, they are frequently the first step in management
of anemia, and American Society of Clinical Oncology
recommends this for low risk MDS (Steinbrook 2007,
Rizzo et al., 2010).

Several studies show that recombinant EPO can correct
anemia in MDS patients (Geissler et al., 1997; Moyo
et al., 2008; Park et al., 2010). Not all patients need, or
benefit from ESAs. Patients who could benefit from EPO
replacement depends on the patient’s serum erythropoietin
level, bone marrow cellularity, and the degree of marrow
fibrosis. Asymptomatic anemia does not need any
treatment. About 74% of low risk MDS patients who
have low transfusion needs and low erythropoietin levels
respond to EPO, while this chance drops significantly to
7% in high risk MDS patients who have high transfusion
needs and high erythropoietin levels (Sekerers et al., 2007;
Santini et al., 2010). The only exception is del 5 MDS
subgroup, a low-risk group with a poor response to EPO
but a remarkable cytogenetic and hematopoietic response
to lenalidomide (Itzykson et al., 2009).

Neutropenia is another common cytopenia in MDS
patients, and infection is a serious complication in this
patient population. The majority of MDS patients with
neutropenia respond to G-CSF (Kobayashi et al., 1989;
Yoshida et al., 1991; Kaczmarski et al., 1993; Negrin et
al., 1996).

Granulocyte colony-stimulating factor (G-CSF)

A natural product of various body tissues, Granulocyte
colony-stimulating factor, also called CSF 3, is the
principle factor that is necessary for proliferation,
differentiation of myeloid precursor cells into neutrophils,
and survival of neutrophils. CSF 3 intensifies multiple
neutrophil functions, such as motility and migration of
hematopoietic progenitor cells from bone marrow into
the circulation, and is required for stress granulopoiesis
in response to some types of infection. G-CSF is
encoded on chromosome 17q21-q22. G-CSF levels
increase by IL-1f3, TNFa, bacterial polysaccharides, and
myelosuppression. G-CSF systemic levels are regulated
by IL-17 via an unknown mechanism (Christopher et al.,
2007; Panopoulos et al., 2008; Greenbaum et al., 2011).
Neutropenia may increase IL-23 production, which in turn
enhances IL-17 secretion, and promotes G-CSF induced
granulopoiesis.

In normal conditions, G-CSF is produced at a very
low level, and is minimally detectable in plasma. G-CSF
is rapidly eliminated by the kidneys. Any defect in
G-CSF or its signaling pathways affects the production
of both macrophage and granulocyte populations (see
below). G-CSF has only one receptor (G-CSFR) which

DOI:http://dx.doi.org/10.7314/APJCP.2012.13.4.1081
Revisiting use of Growth Factors in Myelodysplastic Syndromes
is a member of the hematopoietic (class 1) cytokine
receptor superfamily. Interestingly, erythropoietin receptor
deficient mice die in utero due to lack of erythropoiesis,
but G-CSFR deficient mice can survive regardless of
low numbers of mature granulocytes indicating that
granulopoiesis has both G-CSF dependent and G-CSF
independent pathways. Nevertheless, it is well established
that G-CSFR signaling pathway is the main promoter
of basal granulopoiesis in normal conditions. G-CSFR
deficient mice have normocellular bone marrow with
normal number of committed myeloid progenitor
cells. G-CSF has a pivotal role in basal granulopoiesis
by enhancing the proliferation and differentiation of
committed myeloid progenitor cells; however, in G-CSFR
deficient mice the number of granulocyte-macrophage
colony forming units is slightly decreased. It is a very
well-known fact that lack of G-CSFR is accompanied
by severe neutropenia; arguably G-CSF is the treatment
of choice in severe congenital neutropenia. G-CSF
probably has its effect on intermediate myeloblasts and
promyelocytes. However, treating AML patients with
G-CSF for differentiation induction of blast cells, and
increasing their apoptosis had variable results (Richards
et al., 2003; Beekman et al., 2010; Gurion et al., 2011).

Both hematopoietic and non-hematopoietic tissues
(cardiomyocytes, neuronal precursors, endothelial cells)
express G-CSFR, and binding of G-CSF to its receptor
leads to activation of different and complicated intracellular
signaling pathways. In this case, rassMAPK (mitogen-
activated protein kinase) and phosphatidylinositol
3-kinase (PI3 kinase) are common signaling pathways
of EPO and G-CSF, but G-CSF is also engages Janus
Kinase 2 (Jak2)/signal transducer and activator of
transcription 3 (STAT3) pathways. What was found to
be consistently present in all of different studies is that
STATS3 plays a key role in the differentiation and survival
of both macrophages and neutrophils, STATS significantly
contributes to myeloid cell proliferation and malignancy
(Millot et al., 2001; Ward, 2007; Liongue et al., 2009).
Research shows that Jak/Stat, MAPK, and apoptosis
pathways are involved in MDS. Interestingly, MAPK
is an apoptotic negative regulator of erythroblasts, and
commonly is downregulated in cases of refractory anemia
with ring sideroblast (RARS). As mentioned above,
early apoptosis is the main pathophysiologic mechanism
involved in the pathogenesis of the lower risk categories
of MDS, and G-CSF has a strong apoptosis inhibitor (anti-
apoptotic) effect (Nikamae-Akahori et al., 2006; Nikpour
et al., 2010; Molineux 2011).

G-CSF is frequently used in the clinical management
of MDS patients to improve their anemia and neutropenia;
and conceivably it is a beneficial therapeutic intervention,
which has a prominent place in the supportive care plan of
those patients. Nonetheless, the benefit of adding G-CSF
to EPO has not been confirmed yet. It has been suggested
that rHuG-CSF should be considered when there is no
response to EPO after 6-8 weeks of therapy (Steensma et
al., 2006). It has not been shown yet that rhG-CSF alone
can improve survival in MDS patients (Kobayashi et al.,
1989; Negrin et al., 1989; Ohyashuki et al., 1989; Negrin
et al., 1990; Yoshida et al., 1991; Kaczmarski 1993). In
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association with a hypomethylating agent or lenalidomide
or in case of severe infection, G-CSF can be used for the
management of neutropenia after chemotherapy. There is
in vitro evidence that G-CSF is able to repair functional
abnormalities of neutrophils in MDS patients (You et
al., 1987). Most MDS patients treated with G-CSF show
incremental improvements in their peripheral blood
neutrophil counts, which is indicative of some bone
marrow reserve in those patients. There is no evidence
from randomized studies showing an advantage of
maintenance G-CSF in MDS patients. A preliminary
report of 5 MDS patients treated with intravenous G-CSF
(50-1600 pg/m2) showed improvement of neutropenia
(Kobayashi et al., 1989). Eighteen patients were enrolled
in a phase I/IT clinical study of subcutaneous injection
of G-CSF (0.1-0.3 ug/kg/day), and 16 of them showed
an increase in their neutrophil counts from 5 to 40 fold
(Ohyashuki et al., 1989). 11 patients from the cohort
participated in a long-term maintenance program with
subcutaneous injection of G-CSF, and 10 patients
achieved improved neutrophil counts for up to 16 months.
Subsequently, this study showed patients with neutrophil
counts maintained at > 1.5 x 109/L had fewer bacterial
infections than those with lower neutrophil counts (Negrin
et al., 1990).Severely neutropenic patients may benefit
from prophylactic therapy with low-dose G-CSF (Negrin
etal., 1996).

A preliminary phase III multi-institutional randomized
trial report of 102 high-risk patients with MDS (RAEB or
RAEB-t) showed no increased risk of AML-evolution in
the treatment arm of 50 patients (Greenberg et al., 1993).
There is in vitro evidence that G-CSF is associated with
a growth advantage of an existing subclone of cells with
monosomy 7 over diploid cells (Sloand et al., 2000).
The initial impression of G-CSF administration in MDS
patients was very promising and G-CSF used in a small
number of high grade MDS cases (Vadhan-Raj et al.,
1987; Brito-Babapulle et al., 1989). These studies used
peripheral blood counts, bone marrow changes, and
immediate side effects as therapeutic measures without
focusing on survival rate, improvement of quality of life,
and cost effectiveness, the area that controversy still exists
(see below). In a small case control study of 14 patients,
there was less dysplastic bone marrow after treating
MDS-AML patients with GM-CSF/TAD. In this study,
responders to GM-CSF/TAD had less toxic complications
without much difference in survival rate (Bernell et al.,
1994). In a randomized prospective study on 93 patients
with RAEB-t and MDS-AML, the addition of GM-CSF
to standard induction chemotherapy schedule not only
did not improve the complete remission and survival
rate, but also was associated with more side effects. This
study suggested that GM-CSF should be used cautiously
in elderly due to increased risk of cardiovascular events
(Smith et al., 2006). In another prospective randomized
double-blind placebo-controlled trial of 31 patients
with high risk MDS, administration of GM-CSF with
standard-dose chemotherapy regimen was not superior
to cytoreductive therapy alone, did not improve response
rate, or duration of neutropenia (Verbeek et al., 1997).

To address efficacy of G-CSF administration in high
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risk MDS, 105 high risk MDS patients or MDS transformed
to AML (secondary) entered in a randomized clinical
study. In this study 52 patients received chemotherapy and
53 underwent chemotherapy and G-CSF administration.
G-CSF improved clinical condition by significantly
shortening post-chemotherapy neutropenic phase and
increasing of remission rate, but did not prolong survival
(Bernasconi et al., 1998). The 2006 updates of American
Society Of Clinical Oncology (ASCO) recommends
intermittent colony stimulating factors administration
in MDS patients with severe neutropenia and recurrent
infection. In regard to comparing clinical activity of
G-CSF and GM-CSF, the latter has higher rate of fever,
however, there is no study which suggests there is any
difference in hematopoietic efficacy between the 2
cytokines (Hast et al., 2003).

Combination of granulocyte colony-stimulating factor
and erythropoietin

Serum EPO levels usually show an inverse relationship
with the degree of anemia in MDS patients, with the
highest concentrations being found in patients with
erythroid hypoplasia (Jacobs et al., 1989). The hallmark of
MBDS is increased apoptosis, and there is in vitro evidence
that EPO functions as a survival factor with anti-apoptotic
properties (Silvaet al., 1996). EPO induces anti-apoptotic
protein Bel-XL (Gregory et al., 1999); it also activates the
anti-apoptotic PI3-kinase (Uddin et al., 2000). Similarly
G-CSF has also anti-apoptotic effects both in vitro and in
vivo (Colotta et al., 1992; Watson et al., 1999; Hassan et
al., 1999; Molineau 2011).There is in vitro evidence that
G-CSF has anti-apoptotic function through inhibiting
Fas-triggered caspase activity in bone marrow cells
isolated from RARS patients. It also promotes erythroid
colony growth and differentiation of stem cells from
RARS patients (Schmidt-Mende et al., 2001; Molineau
2011).There is evidence that G-CSF changes the survival
abilities of the mobilized CD34+ cells and it was found
that peripheral blood stem cell mobilization with G-CSF
results in a significant reduction in the number of apoptotic
CD34+ cells in comparison with a more apoptotic CD34+
cells collected form an unstimulated mobilization (Philpott
et al., 1997). Additionally it has been shown by in vitro
experiments that G-CSF blocks spontaneous cytochrome
c release and mitochondria-dependent apoptosis in
hematopoietic progenitor cells of RARS patients and
improves erythropoiesis in MDS (Tehranchi et al., 2003;
Sung 2007; Molineau 2011).

As mentioned earlier, recombinant EPO has been used
extensively to treat anemia in MDS patients (Bessho et al.,
1990; Hellstrom-Lindberg et al., 1990; Rose et al., 1995).
The efficacy of EPO alone is relatively low, and overall
erythroid response rates from 7.5% to 36% have been
reported (Hellstrom-Lindberg 1995; Geissler et al., 1997).
There is in vitro evidence of a synergistic effect of G-CSF
and EPO combination on erythropoiesis (Greenberg et al.,
1992).A clinical response to G-CSF and EPO combination
has also been demonstrated; morphologically, in bone
marrow biopsies of MDS patients which does show a
reduced number of apoptotic precursors compared with the
pre-treatment samples (Hellstrom-Lindberg et al., 1997).



Hematopoietic growth factors such as EPO and G-CSF
not only block apoptosis of erythroid precursors but also
promote growth of cytogenetically normal progenitors in
MDS patients (Tehranchi et al., 2005).

Clinical responses have been investigated with EPO
and G-CSF combination in MDS patients (Tablel). Two
phase II clinical trials of G-CSF and EPO combination in
MDS patients (mainly RA, RARS, and RAEB)
demonstrated erythroid response rates of 42% (10 of 24
patients) and 38% (8 of 21 patients), respectively
(Hellstron-Lindberg et al., 1993; Negrin et al., 1993).
These studies showed strong erythroid responses in terms
of improved hemoglobin levels and reduced RBC
transfusion requirements, and the response rates were
considerably better than with EPO alone. Subsequently,
another clinical trial with 55 MDS patients showed a 48%
erythroid response rate (21 of 44 evaluable patients), and
81% of responders maintained their response during an
8-week maintenance period. This study also revealed an
interesting finding that approximately 50% of the MDS
patients with a response to G-CSF and EPO combination
lost their response with G-CSF withdrawal, and some of
those patients regained a response when G-CSF was
restarted (Negrin et al., 1996). A small phase II clinical
study of G-CSF and EPO combination in MDS patient
has also been reported from Japan, which did not show
promising results; 10 patients received the combination
therapy for 10 weeks, and only one patient had a delayed
erythroid response, although 80% (8 of 10 patients) had
a neutrophil response (Imamura et al., 1994).An
American-Scandinavian study of 98 MDS patients treated
with G-CSF and EPO combination showed a similar
response rate of 36% to treatment. This study revealed
that patients with serum EPO concentrations < 500 U/l
had a favorable response to G-CSF and EPO combination
if the RBC transfusion need was < 2 units per month
(Hellstrom-Lindberg et al., 1997). A subsequent phase II
randomized clinical trial of 56 MDS patients (RA,RARS,
RAEB) treated with G-CSF and EPO combination showed
an overall erythroid response of 38%. The response rates
for patients with RA,RARS, and RAEB were 20%, 46%,
and 37%, respectively. In this study patients were
randomized to two treatment groups: arm A primed with

Table 1. Clinical Studies of G-CSF and EPO in MDS

Reference No of patients Response Rate

Negrin et al, 1993, (83) 24 42%
Hellstrom-Lindberg et al, 1993,(84) 21 38%
Imamura et al, 1994 ,(86) 10 Nil
Negrin et al, 1996,(85) 55 48%
Hellstrom-Lindberg et al, 1997,(87) 98 36%
Hellstrom-Lindberg et al, 1998,(88) 56 38%
Remacha et al, 1999,(89) 32 50%
Mantovani et al, 2000,(90) 33 61%
Terpos et al, 2002,(91) 281 45%
Hellstrom-Lindberg et al, 2003,(92) 53 42%
Casadevall et al, 2004 ,(93) 60 42%
Jadersten et al, 2005,(94) 129 39%
Park et al, 2008,(97) 403 50%
Jadersten et al, 2008,(98) 121 39%
Gotlib et al, 2009,(99) 24 47%
Greenberg et al, 2009,(100) 12 31
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G-CSF for 4 weeks followed by the G-CSF and EPO
combination for 12 weeks, and arm B started with EPO
for 8 weeks followed by the combination for 10 weeks.
The response rates were identical in the two treatment
groups. This study clearly confirmed the in vivo synergy
between G-CSF and EPO, and this synergistic effect was
more pronounced in RARS patients (Hellstrom-Lindberg
et al., 1998). A Spanish non-randomized clinical trial of
32 MDS patients (RA and RARS) treated with G-CSF and
EPO combination showed an erythroid response rate of
50% and a multivariate analysis confirmed the predictive
value of the American-Scandinavian scoring system
(Remachaetal., 1999). A German non-randomized clinical
trial of 33 MDS patients (RA, RARS and RAEB) treated
with G-CSF and EPO combination demonstrated an
erythroid response rate of 61% after 12 weeks, which rose
to 80% after 36 weeks (Matovani et al., 2000). The
predictive value of low serum EPO concentrations (< 150
U/L) was observed in a Greek phase II clinical study in
281 MDS patients (RA,RARS, and RAEB) and an overall
erythroid response rate of 45.1% was rEPOrted (Terpos
etal.,2002). The Scandinavian MDS group has published
the results of a prospective study of 53 MDS patients
treated with G-CSF and EPO combination, which showed
an overall erythroid response rate of 42%, and it validated
the American-Scandinavian predictive model and scoring
system. It demonstrated response rates of 61% in the good
predictive group and 14% in the intermediate group. This
study also showed that responding patients had a
significantly better quality of life (Hellstrom-Lindberg et
al., 2003). However, a French randomized controlled
clinical trial did not show any significant difference in
quality of life between the treatment arm and supportive
care arm; the study demonstrated an erythroid response
rate of 42% (Casadevall et al., 2004). The Scandinavian
group published the results of 129 MDS patients treated
with G-CSF and EPO combination that were followed for
up to 42 months, and it showed an erythroid response rate
of 39% and median response duration of 23 months. They
did not find any difference in survival between treated and
untreated patients (Jadersten et al., 2005). An Italian
randomized prospective study compared EPO with G-CSF
and EPO combination in 30 low-risk MDS patients; it
showed an erythroid response in 6 of 15 (40%) patients
in the EPO arm and in 11 of 15 (73.3%) patients in the
G-CSF and EPO combination arm. In 4 of 9 (44.4%)
patients who did not have a response to EPO, adding
G-CSF induced an erythroid response at 16 weeks
(Balleari et al., 2005). A pooled analysis of retrospective
data from 162 already-published articles consisting of
2592 MDS patients with RA and RARS suggested that
growth factors may improve survival in MDS (Golshayan
etal.,2007). A recent French-Belgian retrospective study
examined erythroid response rate and overall survival in
403 MDS patients treated with EPO with or without
G-CSF; and 62% and 50% response rates were seen in the
EPO alone arm and G-CSF and EPO combination arm,
respectively. This study reported a better overall survival
in the EPO alone arm but, results were not adjusted for
all currently employed prognostic factors and RBC
transfusion requirement in the multivariate analysis, and
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selection bias is another potential confounding factor (Park
etal.,2008). A Scandinavian retrospective study compared
121 MDS patients treated with G-CSF and EPO
combination with 237 untreated patients, and an erythroid
response rate of 39% and median response duration of 23
months were reported. This study demonstrated an
encouraging survival benefit in a multivariate analysis,
but its results are potentially confounded by patient
selection bias. No increased rate of AML was observed
(Jadersten et al.,2008). An American phase Il intra-patient
dose-escalation clinical trial of EPO with or without
G-CSF in 24 MDS patients showed that addition of G-CSF
resulted in an erythroid response of 47% in patients who
did not have a good response to EPO. A weekly weight-
based EPO regimen was used in the study (Gotlib et al.,
2009). A recently published phase III prospective
randomized clinical trial of 73 MDS patients treated with
EPO with or without G-CSF plus supportive care versus
supportive care alone demonstrated an erythroid response
of 31% in 12 of 39 patients who received G-CSF and EPO
combination (Greenberg et al., 2009). This study did not
reveal any difference in overall survival between the EPO
and supportive care arms with a median follow-up of 5.8
years. Adding G-CSF to EPO does not show any negative
impact on patient’s survival or increased incidence of
progression to AML. However, a survival benefit was
observed in the erythroid responders versus non-
responders. EPO has been considered as part of the best
supportive care, but only a certain subgroup of MDS
patients benefit from this treatment and improving
hematologic parameters not necessarily means that this
modality improves survival (Nachtkamp et al., 2009;
Stone 2009). A meta-analysis of 15 clinical studies in MDS
patients treated with EPO with or without G-CSF or
M-CSF suggested that higher doses of EPO (60 to 80,000
U/week) may be more effective than standard dose of EPO
(30 t0 40,000 U/week) (Mundle et al.,2009). The guideline
group of UK-based medical experts in the clinical
management of MDS suggests that EPO with or without
G-CSF is effective in highly selected MDS patients. The
MDS subgroups who benefit from EPO are patients with
refractory anemia and refractory anemia with excess blast
not suitable for chemotherapy/allogenic bone marrow
transplantation, patients with transfusion need less than 2
units per month, and patients with EPO level less than
200 U/L. In case of no response to EPO, G-CSF can be
added to the schedule or EPO dose doubled for more 6
weeks. The goal of G-CSF therapy is to keep WBC in the
range of 6 to 10 x 109/1. Combination of EPO and G-CSF
therapy is recommended for RARS, symptomatic anemia,
patients with basal EPO level less than 500U/L, and
transfusion needs less than 2 units per month. The G-CSF
schedule can be 3 times a week, and reduce to the lowest
possible dose (Bowen et al., 2003; Akhtari 2011). There
is no clinical benefit of prophylactic G-CSF therapy
despite of good tolerance by the MDS patients.

Predictors of erythroid response to G-CSF and EPO
combination

A multivariate analysis of an American-Scandinavian
clinical study demonstrated that two pre-treatment clinical
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variables, baseline serum EPO value and initial low RBC
transfusion need had prognostic values to predict response
to G-CSF and EPO combination. By using pre-treatment
serum EPO values as a ternary variable (<100, 100-500,
or > 500 U/l), and RBC transfusion requirement as a
binary variable (<2 or =2 units per month), a predictive
model and scoring system for erythroid response was
developed. Patients were separated into three predicted
erythroid response-rate groups of high (74%), intermediate
(23%) and poor (7%) (Table2). This study revealed that
patients with serum EPO concentrations < 500 U/l had a
favorable response to G-CSF and EPO combination if the
RBC transfusion need was < 2 units per month [66]. This
scoring system was validated in another prospective study,
in which MDS patients with one or both of these positive
predictors showed erythroid response rates of 14% versus
61%, respectively (Gotlib et al., 2005). The predictive
model and scoring system were derived for patients treated
with a therapeutic trial of 12-week duration, and 39% of
patients with a high predictive score still fail to achieve an
erythroid response (Bowen 2006). A recent Dutch study
demonstrated that flow cytometric analysis of myeloblasts
in the bone marrow samples can be used in predicting
response to growth factor treatment in MDS patients. In a
cohort of 46 MDS patients (low- and intermediate-risk) the
predictive model and scoring system were associated with
an erythroid response to G-CSF and EPO combination.
However, according to the predictive model and scoring
system, aberrant phenotype of myeloblasts was highly
associated with treatment failure among patients with
the greatest response probability (Westers et al., 2010).
It has been suggested that burst forming unit-erythroid
(BFU-E)/colony forming unit-erythroid (CFU-E) has less
response rate to EPO in non-responder MDS patients, and
non-responders have less circulating BFU-E. The ERK1/2
pathway which is required for cell proliferation and
differentiation has less activity after EPO administration
in non-responder MDS patients, and may be a predictor
of response to EPO in MDS patients (Frisan et al., 2010).
As mentioned in this article, G-CSF and EPO are effective
but costly therapeutic measures in low risk MDS patients.
Most MDS patients are elderly with limited marrow

Table 1. Predictive Model and Scoring System for
Erythroid Response to G-CSF and EPO Combination
in MDS Patients

Variable Score

3 02 -1 0 +1 +2
Serum EPO (U/T) >500 100-500 <100
RBC transfusion (U/month) >2 <2

Predictive Score Response Group

Type % Responders (no. of patients)
>+ 1 High 74 (22/29)
+1 Intermediate 23 (7/31)
<-1 Low 7 (3/34)

*G-CSF, granulocyte colony-stimulating factor; EPO,
erythropoietin; RBC, red blood cell, From Hellstrom-
Lindberg et al.(87) with permission from John Wiley and
Sons



reserve, and considerable differences in both response
and toxicity of biosimilars. Issues related to quality of
life, overall life expectancy, cost and benefit, disease free
period, and clinical efficacy should be considered when
the clinician is making any therapeutic decision (Lyman
et al., 2002).

Thrombopietic stimulating agents

Thrombocytopenia is common in MDS, and 33% of
patients receive at least one platelet transfusion in the course
of their disease. Platelets develop intrinsic functional
defect in MDS, which contributes to the bleeding tendency
in these patients. Thrombocytopenia is more common in
RAEB subgroups, but its overall prevalence in MDS is
40-65% in different studies. It has been shown that about
26% of patients have mild spontaneous bleeding, less
than 10% present with serious bleeding, and about 66%
finally develop thrombocytopenia. Bleeding is the major
cause of morbidity and mortality in those patients who
transform to AML, and is cause of death in about 20% of
patients. Platelet count has direct relation with survival,
and severe thrombocytopenia is associated with shorter
transformation time to AML. Platelet transfusion has the
risk of infection transmission, platelet alloimmunization,
transfusion-related acute lung injury, and febrile non-
hemolytic reactions (Kantarjian et al., 2007; Kantarjian et
al.,2010; Sekerers et al.,2011). Thrombopietin has a large
molecule with 23% homology with erythropoietin, and its
half-life is about 20 to 40 hours. Unlike erythropoietin,
there is no “sensing” system for TPO; it is continuously
produced by liver, and clears from blood by platelets,
megakaryocytes, and reticuloendothelial system (Kutar
2009; Stasi et al., 2010). Binding of TPO to its receptor
starts tyrosine phosphorylation of Stat3, Stat5, and Jak2,
and enhances platelet progenitor cells production and
survival (Miyakawa et al., 1995; Miyakawa et al., 1996).
Thrombopietic growth factors (TPOs) are the novel
therapeutic agents with uncommon side effects. The first
generation of thrombopietic agents was recombinant
proteins with the same amino acid structure as TPO,
rhTPO. It was removed from market due to development
of neutralizing antibody against endogenous TPO. The
second generation of thrombopietic growth factors
includes three general classes: TPO peptide mimetics,
TPO nonpeptidemimetics, and TPO agonist antibodies.
The second generation of TPOs does not have any
sequence homology with endogenous TPO, is generally
well-tolerated, and used in clinical trials of MDS patients
(Kuter 2007; Perugini et al., 2009).

Romiplostim is a TPO peptide mimetic which activates
TPO receptor on nonlymphoid CD34+ hematopoietic cells,
induces proliferation and maturation of megakaryocytes
and platelet production, and increases cell viability
with inhibiting the apoptosis of megakaryocytes. A
TPO nonpeptide mimetic, eltrombopag, stimulates
TPO receptor at a site different from endogenous TPO.
Eltrombopag is highly species specific, and its effect is
additive to TPO (Kuter 2007; Perugini et al., 2009; Ikeda
2009).

Administration of TPO in MDS is in its early stages,
and most usages have been reported in case rEPOrts, and
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phase I/II clinical trials. Pegylated recombinant TPO was
used for more than 450 days in a Japanese patient with
RARS MDS, and patient’s platelet count improved from 7
x 109/1 at the beginning to 45 x 109/1 on day 450 without
any adverse effect (Kizaki et al., 2009).

In an open-label, sequential-cohort, dose-escalation
study of romiplostim in 44 patients with thrombocytopenia
due to lower risk MDS, half of the patients had durable
platelet responses and incidence of severe bleeding and
platelet transfusions decreased. However, 2 of 44 patients
(5%) progressed to AML and increased blasts were seen
transiently during bone marrow evaluations in 4 patients
(9%) (Kantarjian et al.,2010). Romiplostim was used in an
open label study of 28 low risk MDS patients, and 65% of
patients showed complete or major platelet response and
need of platelet transfusion resolved in 61% of patients.
Nevertheless, 2 of 28 patients (7%) developed an increased
blast percentage during the study (Sekers et al., 2011).
In a phase II randomized, placebo controlled study of
romiplostim in 40 low or intermediate risk MDS patients
this peptibody TPO mimetic reduced the incidence and
number of platelet transfusions. But 2 patients in the
romiplostim arm and 1 in the placebo arm progressed to
AML (Kantarjian et al., 2010). Eltrombopag increased
megakaryocytic progenitor cell proliferation, and platelet
production in an ex vivo study of the effect of this non-
peptidyl small molecule on megakaryopoiesis of low risk
MBDS patients (Mavroudi et al.,2011). Thrombocytopenia
is a common side effect of hypomethylating agents, and
platelet transfusion is the only management measure. It
has been suggested that adding TPO reduces the risk of
bleeding, and is well-tolerated in MDS patients receiving
hypomethylating agents. Patients receiving combination
of romiplostim and decitabine in a randomized, double-
blind, placebo-controlled study of 29 lower risk MDS had
higher platelet counts, and less need for platelet transfusion
(Greenberg et al., 2009). In a randomized study, adding
romiplostim to lenalidomide in low or intermediate risk
myelodysplastic syndrome increased response rate from
8% in placebo group to 36% in patients receiving 500 p g
of romiplostim and lenalidomide regardless of the baseline
del (5q) status (Lyons et al., 2009). Thrombocytosis,
thrombosis, stimulation of tumor cell growth, and increase
in bone marrow fibrosis are major possible side effects of
TPO therapy but rebound thrombocytopenia after stopping
of TPO mimetics is a common side effect. Most of these
studies have done on only small highly-selected patient
groups and suffer from lack of control group. More double
blind large-sample size studies are needed to provide us
with the potential clinical benefits of these agent and a
better characterization of side effects and safety profile
of TPO mimetics in MDS patients.

Conclusion

There has been enormous progress in our understanding
of the pathobiology and signaling pathways of MDS in
recent years, which has led to the identification of specific
subtypes with distinct clinical behavior and different
therapeutic modalities. However, MDS continues to be
a challenging disease to treat due to its complex and
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heterogeneous nature and biology. Patients with lower risk
MDS can benefit from supportive care including growth
factors. G-CSF is an effective therapeutic modality in
MDS patients, and it can be used for the management
of refractory symptomatic cytopenias. G-CSF and EPO
combination can improve outcomes in appropriate MDS
patients such as lower risk MDS and RARS patients.
Growth factors such as G-CSF and EPO have created a
significant opportunity for improvement in the care of
patients with MDS; however, there are still uncertainties
around use of TPO mimetics in MDS patients. Further
trials will determine additional effective agents, and
answer critical questions regarding the optimal timing and
duration of existing therapies for MDS patients.

Acknowledgment

The authors wish to thank Kathleen Kruger for her
technical assistance. All authors do not have any conflict
of interest to disclose.

References

Albitar M, Manshouri T, Shen Y, et al (2002). Myelodysplastic
syndrome is not merely “preleukemia”. Blood, 100, 791-8.

Akhtari M (2011). When to treat myelodysplastic syndromes.
Oncology, 25, 480-6.

Balleari E, Rossi E, Clavio M, et al (2005). Erythropoietin
plus granulocyte colony-stimulating factor is better
than erythropoietin alone to treat anemia in low-risk
myelodysplastic syndromes: results from a randomized
single-centre study. Ann Hematol, 85, 174-80.

Barzi A, Sekeres MA (2010). Myelodysplastic syndromes: a
practical approach to diagnosis and treatment. Cleveland
Clin J med, 77, 37-44. Bennett JM, Catovsky MT,
Flandrin DAG, Galton HR, Sultan (1982). Proposals for
the classification of the myelodysplastic syndromes. Br J
Haematol, 51, 189-99.

Beekman R, Touw IP (2010). G-CSF and its receptor in myeloid
malignancy. Blood, 115, 5131-36.

Bernasconi C, Paolo Alessandrino E, Bonfichi M, Lazzarino
M, et al (1998). Randomized clinical study comparing
aggressive chemotherapy with or without G-CSF support
for high-risk myelodysplastic syndromes or secondary acute
myeloid leukemia evolving from MDS. Br J Haematol,
102, 678-83.

Bernell P, Kimby E, Hast R (1994). Recombinant human
granulocyte-macrophage colony-stimulating factor in
combination with standard induction chemotherapy in
acute myeloid leukemia evolving from myelodysplastic
syndromes: a pilot study. Leukemia, 8, 1631-39.

Bessho M, Jinnai I, Matsuda A, Saito M, Hirashima K (1990).
Improvement of anaemia by recombinant eryhtropoietin
in patients with myelodysplastic syndromes and aplastic
anaemia. Int J Cell Cloning, 8, 445-58.

Bowen D, Culligan D, Jowitt S, et al (2003). Guidelines for the
diagnosis and therapy of adult myelodysplastic syndromes.
Br J Haematol, 120, 187-200.

Bowen DT (2006). Hematopoietic growth factors. In: Deeg HJ,
Bowen DT, Gore SD, Haferlach T, Le Beau MM, Niemeyer
C (eds). Hematologic Malignancies: Myelodysplastic
Syndromes, Springer, ?,99-109.

1088 Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

Brito-Babapulle F, Lord JAD, Whitmore DN (1989). Treatment
of RAEB-t with intensive chemotherapy and GM-CSF. Leuk
Res, 13, 605-7.

Bryan J, Jabbour E, Prescott H, et al (2010). Current and future
management options for myelodysplastic syndrome. Drugs,
70, 1381-94.

Casadevall N, Durieux P, Dubois S, et al (2004). Health,
economic, and quality-of-life effects of erythropoietin and
granulocyte colony-stimulating factor for the treatment of
myelodysplastic syndromes: a randomized, controlled trial.
Blood, 91, 179-88.

Christopher MJ, Link DC (2007). Regulation of neutrophil
hemostasis. Curr Opin Hematol, 14, 3-8.

Colotta F, Re F, Polentarutti N, Sozzani S, Mantovani A, (1992).
Modulation of granulocyte survival and programmed cell
death by cytokines and bacterial products. Blood, 80,
2012-20.

Erslev AJ, Erythropoietin (1991). N Engl J Med, 324,1339-44.

Frisan E, Pawlikowska P, Pierre-Eugene C, et al (2010).
p-ERK1/2 is a predictive factor of response to erythropoiesis-
stimulating agents in low/int-1 myelodysplastic syndrome.
Haematologica, 95, 1964-8.

Garcia-Manero G (2011). Nontransplantation options for patients
with myelodysplastic syndromes. Biol Blood Marrow
Transplant, 17,9-10.

Garcia-Manero G (2011). Myelodysplastic syndromes: update
on diagnosis, risk-stratification, and management. Am J
Hematol, 86,491-8.

Garcia-Manero G, Shan J, Faderl S, et al (2008). A prognostic
score for patients with lower risk myelodysplastic syndrome.
Leukemia, 22,538-43.

Geissler RG, Schulte P, Ganse A (1997). Treatment with growth
factors in myelodysplastic syndromes. PatholBiol,45,656-7.

Golshayan AR, Jin T, Maciejewski J, et al (2007). Efficacy of
growth factors compared to other therapies for low-risk
myelodysplastic syndromes. Br J Haematol, 137, 125-32.

GotlibJ, Greenberg PL (2005). Supportive care in myelodysplastic
syndromes: hemopoietic cytokine and iron chelation therapy.
In: Greenberg PL (ed): Myelodysplastic syndromes.
Cambridge University Press, Cambridge, UK, 209-42.

Gotlib J, Lavori P,Quesada S, et al (2009). A Phase II intra-patient
dose-escalation trial of weight-based darbEPOetinalfa with
or without granulocyte colony-stimulating factor in
myelodysplastic syndromes. Am J Hematol, 84, 15-20.

Greenberg P, Cox C, LeBeau MM, et al (1997). International
scoring system for evaluating prognosis in myelodysplastic
syndromes. Blood, 89,2079-88.

Greenberg PL, Garcia-Manero G, Moore MR, et al (2009).
Efficacy and safety of Romiplostim in patients with low
or intermediate-risk myelodysplastic syndrome (MDS)
receiving decitabine. American Society of Hematology
Annual Metting abstract number 1769.

Greenberg PL (2010). Current therapeutic approaches for
patients with myelodysplastic syndromes. Br J Haematol,
150, 131-43.

Greenberg PL, Negrin RS, Ginzton N (1992). In vitro-in
vivo correlations of erythroid responses to G-CSF plus
erythropoietin in myelodysplastic syndromes. ExpHematol,
20,733.

Greenberg PL, Sun Z, Miller KB, et al (2009). Treatment of
myelodysplastic syndrome patients with erythropoietin
with or without granulocyte colony-stimulating factor:
results of a prospective randomized phase 3 trial by the
Eastern Cooperative Oncology Group (E1996). Blood, 114,
2393-400.

Greenberg P, Taylor K, Larson R, et al (1993). Phase III
randomized multicenter trial of G-CSF vs. observation for



myelodysplastic syndromes (MDS). Blood, 82, 196.

Greenbaum AM, Link DC (2011). Mechanisms of G-CSF-
mediated hematopoietic stem and progenitor mobilization.
Leukemia, 25,211-7.

Gregory T, YuC,MaA,etal (1999). GATA-1 and erythropoietin
cooperate to promote erythroid cell survival by regulating
bel-xL expression. Blood, 94, 87-96.

Gurion R, Shacham Abulafia A, Shpilberg O, Raanani P
(2011). The use of myeloid colony-stimulating factors in
hematologic malignancies: the role of systematic reviews
and meta-analysis. ActaHematol, 125, 68-79.

Hassan Z, Fadeel B, Zhivotovsky B, Hellstrom-Lindberg E
(1999). Two pathways of apoptosis induced with all-trans
retinoic acid and etoposide in the myeloid cell line P39.
ExpHematol, 27, 1322-9.

Hast R, Hellstrom-Lindberg E, Ohm L, et al (2003). No benefit
from adding GM-CSF to induction chemotherapy in
transforming myelodysplastic syndromes: better outcome
in patients with less proliferative disease. Leukemia, 17,
1827-33.

Hellstrom-Lindberg E, Birgegérd G, Lockner D, et al (1990).
Treatmentof myelodysplastic syndromes with recombinant
human erythropoietin. EurJ Haematol, 47, 355-60.

Hellstrom-Lindberg E, Kanter-Lewensohn L, Ost A (1997).
Morphological changes and apoptosis in bone marrow
from patients with myelodysplastic syndromes treated with
granulocyte-CSF and erythropoietin. Leuk Res, 21,415-25.

Hellstrom-Lindberg E (1995). Efficacy of erythropoietinin the
myelodysplastic syndromes. An analysis of 205 patientsin
17 studies. Br J Haematol, 89, 67-71.

Hellstrom-Lindberg E, Birgegard G, Carlsson M, et al (1993).
Acombination of granulocyte-colony-stimulating factor and
erythropoietinmay synergistically improve the anaemia in
patients with myelodysplasticsyndromes. Leuk Lymphoma,
11,221-8.

Hellstrom-Lindberg E, Negrin R, Stein R, et al (1997). Erythroid
response to treatment with G-CSF plus erythropoietin for
the anaemia of patients with myelodysplastic syndromes:
proposal for a predictive model. Br J Haematol,99,344-51.

Hellstrom-Lindberg E, Ahlgren T, Beguin Y, et al (1998).
Treatment of anemia in myelodysplastic syndromes with
granulocyte colony-stimulating factor plus erythropoietin:
results from a randomized phase II study and long-term
follow-up of 71 patients. Blood, 92, 68-75.

Hellstrom-Lindberg E, Gulbrandsen N, Lindberg G, et al
(2003). A validated decision model for treating the anaemia
of myelodysplastic syndromes with erythropoietin +
granulocyte colony-stimulating factor: significant effects on
quality of life. Br J Haematol, 120, 1037-46.

Hoffman WK, Ottman OG, Ganser F, Hoeltzer D (1996).
Myelodysplatic syndromes: clinical features. SeminHematol,
33, 177-85.

Ikeda Y, Miyakawa Y (2009). Development of thrombopoietin
receptor agonists for clinical use. J ThromHaemost, 7,
239-44.

Imamura M, Kobayashi M, Kobayashi S, etal (1994). Failure of
combination therapy with recombinant granulocyte colony-
stimulating factor and erythropoietin in myelodysplastic
syndromes. Ann Hematol, 68, 163-6.

Itzykson R, Fenaux P, (2009). Optimal sequencing of treatments
for patients with myelodysplastic syndromes. Curr Opin
Hematol, 16, 77-83.

Jacobs A, Janowska-Wieczorek A, Caro J, Bowen DT, Lewis
T (1989). Circulating erythropoietin in patients with
myelodysplastic syndrome. Br J Haematol, 73, 36-9.

Jadersten M, Montgomery SM, Dybedal I, Porwit-MacDonald
A, Hellstrom-Lindberg E (2005). Long-term outcome of

DOI:http://dx.doi.org/10.7314/APJCP.2012.13.4.1081

Revisiting use of Growth Factors in Myelodysplastic Syndromes
treatment of anemia in MDS with erythropoietin and G-CSF.
Blood, 106, 803-11.

Jadersten M, Malcovati L, Dybedal I, et al (2008). Erythropoietin
and granulocyte-colony stimulating factor treatment
associated with improved survival in myelodysplastic
syndrome. J Clin Oncol, 26,3607-17.

Kaczmarski RS, Mufti GJ (1993). Low-dose filgrastim therapy
for chronic neutropenia. N Engl J Med, 329, 1280-81.
Kantarjian H, Giles FJ, Greenberg PL, et al (2010). Phase 2 study
of romiplostim in patients with low- or intermediate-risk
myelodysplastic syndrome receiving azacytidine therapy.

Blood, 116, 3163-70.

Kantarjian H, Giles F, List A, et al (2007). The incidence and
impact of thrombocytopenia in myelodysplastic syndromes.
Cancer, 109, 1705-14.

Kantarjian H, Fenaux P, Sekeres MA, et al (2010). Safety
and efficacy of Romiplostim in patients with lower-risk
myelodysplastic syndrome and thrombocytopenia. J Clin
Oncol, 28,437-44.

Kizaki M,Miyakawa Y, Ikeda Y (2003). Long-term administration
of Pegylated recombinant human megakaryocyte growth and
development factor dramatically improved cytopenias in a
patient with myelodysplastic syndrome. Br J Haematol,
122,764-7.

Kobayashi Y, Okabe T, Ozawa K, et al (1989). Treatment of
myelodysplastic syndromes with recombinant human
granulocyte colony-stimulating factor: a preliminary rEPOrt.
Am J Med, 86, 178-82.

Komrokji RS, Sekeres MA (2011). List AF Management of
lower-risk myelodysplastic syndromes: the art and evidence.
Curr Hematol Malig Rep, 6, 145-53.

Kuter DJ (2007). New thrombopoietic growth factors. Blood,
109, 4607-16.

Kuter DJ, Romiplostim (2011). Cancer Treat Res,157,267-88.

Kuter DJ (2009). Thrombopoietin and thrombopoietin mimetics
in the treatment of thrombocytopenia. Ann Rev Med, 60,
193-206.

Liongue C, Wright C, Russell AP, Ward AC (2009). Granulocyte
colony-stimulating factor receptor: stimulating granulopoiesis
and much more. Int J Bioch Cell Bio, 141, 2372-5.

Lyman GH, Kuderer NM, Balducci L (2002). Cost-benefit
analysis of granulocyte colony-stimulating factor in the
management of elderly cancer patients. Curr Opin Hematol,
9,207-14.

Lyons RM,Kosmo MA, Gandhi S, etal (2009). Randomized phase
II study evaluating the efficacy and safety of romiplostim
treatment of patients with low or intermediate risk
myelodysplastic syndrome (MDS) receiving lenalidomide.
American Society of Hematology annual meeting abstract
number 1770.

Mavroudi I, Pyrovolaki K, Pavlaki K, et al (2011). Effect
of the nonpeptide thrombopoietin receptor agonist
eltrombopag on megakaryopoiesis of patients with lower
risk myelodysplastic syndrome. Leuk Res, 35, 323-8.

Ma X, Does M, Raza A, Mayne ST (2007). Myelodysplastic
syndromes; incidence and survival in the United States.
Cancer, 109, 1536-42.

Matovani L, Lentini G, Hentschel B, et al (2000). Treatment
of anaemia in myelodysplastic syndromes with prolonged
administration of recombinant human granulocyte colony-
stimulating factor and erythropoietin. Br J Haematol, 109,
367-75.

Mavroudi I, Pyrovolaki K, Pavlaki K, et al (2011). Effect
of the nonpeptide thrombopoietin receptor agonist
eltrombopag on megakaryopoiesis of patients with lower
risk myelodysplastic syndrome. Leuk Res, 35, 323-8.

Millot GA, Svinarchuk F, Lacout C, Vainchenker W, Dumenil D

Asian Pacific Journal of Cancer Prevention, Vol 13,2012 1089



Kam Newman et al

(2001). The granulocyte colony-stimulating factor receptor
supports erythroid differentiation in the absence of the
erythropoietin receptor or Stat 5. British J Hematol, 112,
449-58.

Mittelman M, Oster HO, Hoffman M, Neumann D (2010). The
low risk MDS patients at risk of rapid progression. Leuk
Res, 34, 1551-5.

Miyakawa Y, Oda A, Druker BJ, et al (1996). Thrombopoietin
induces thyrosin phosphorylation of Stat3 and Stat5 in
human blood platelets. Blood, 87, 439-46.

Miyakawa Y, Oda A, Druker BJ, et al (1995). Recombinant
thrombopoietin induces rapid protein tyrosine
phosphorylation of Janus kinase 2 and Shc in human blood
platelets. Blood, 86,23-7.

Molineux G (2011). Granulocyte colony-stimulating factors.
Cancer Treat Res, 157, 33-53.

Moyo V, Lefebvre P, Duh MS, Yektashenas B, Mundle S
(2008). Erythropoiesis-stimulating agents in the treatment
of anemia in myelodysplastic syndromes: a meta-analysis.
Ann Hematol, 87, 527-36.

Mundle S, Lefebvre P, Vekeman F, et al (2009). An assessment
of erythroid response to EPOetin alpha as a single agent
versus in combination with granulocyte- or granulocyte-
macrophage-colony-stimulating factor in myelodysplastic
syndromes using a meta-analysis approach. Cancer, 115,
706-15.

Myelodysplastic syndromes v.2 (2010) . NCCN Clinical Practice
Guidelines in OncologyTM. Available at: www.nccn.org.

Nachtkamp K, Kundgen A, Strupp C, et al (2009). Impact
on survival of different treatments for myelodysplastic
syndromes (MDS). Leuk Res, 33, 1024-8.

Negrin RS, Stein R, Doherty K, et al (1996). Maintenance
treatment of the anemia of myelodysplastic syndromes with
recombinant human granulocyte colony-stimulating factor
and erythropoietin: evidence for in vivo synergy. Blood,
87,4076-81.

Negrin RS, Haeber DH, Naler A, et al (1989). Treatment of
myelodysplastic syndromes with recombinant granulocyte
colony-stimulating factor. Ann Intern Med, 110, 966-84.

Negrin RS, Haeber DH, Nehler A, et al (1990). Maintenance
treatment of patients with myelodysplastic syndromes using
recombinant human granulocyte colony-stimulating factor.
Blood, 76, 36-43.

Negrin RS, Stein R, Doherty K, et al (1996). Maintenance
treatment of the anemia of myelodysplastic syndromes with
recombinant human granulocyte colony-stimulating factor
and erythropoietin; Evidence for in vivo synergy. Blood,
87,4076-81.

Negrin RS, Stein R, Doherty K, et al (1993). Treatment of
the anemia of myelodysplastic syndromes using human
granulocyte colony-stimulating factor in combination with
erythropoietin. Blood, 82, 737-43.

Nikamae-Akahori M, Takayuki K, Masuda S, et al (2006).
Enhanced neutrophil motility by granulocyte colony-
stimulating factor: the role of extracellular signal-regulated
kinase and phosphatidylinositol 3-kinase, /79, 393-403.

Nikpour M, Pellagatti A, Liu A, et al (2010). Gene expression
profiling of erythroblasts from refractory anemia with ring
sideroblasts (RARS) and effects of G-CSF. Br J Hematol,
149, 844-54.

Nimer SD (2008). Myelodysplastic syndrome. Blood, 111,
4841-51.

Ohyashiki K, Ohyashik JH, Toyama K, Takaku F (1989).
Hematologic and cytogentic findings in myelodysplastic
syndromes treated with recombinant granulocyte colony-
stimulating factor. Jpn J Cancer Res, 80, 848-54.

Panopoulos AD, Watowich SS (2008) Granulocyte colony-

1090 Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

stimulating factor: molecular mechanisms of action during
steady state and emergency hematopoiesis. Cyftokine, 42,
277-88.

Park S, Kelaidi C, Sapena R, et al (2010). Early introduction of
ESA in low risk MDS patients may delay the need for RBC
transfusion: a retrospective analysis on 112 patients. Leuk
Res, 34, 1430-36.

Park S, Grabar S, Kelaidi C, et al (2008). Predictive factors of
response and survival in myelodysplastic syndrome treated
with erythropoietin and G-CSF: the GFM experience. Blood
, 111, 574-82.

Perugini M, Varelias A, Sadlon T, D’ Andra RJ (2009).
Hematopoietic growth factor mimetics: from concept to
clinic. Cytokine Growth Factor Rev, 20, 87-94.

Philpott NJ, Prue RL, Marsh JC, Gordon-Smith EC, Gibson FM,
(1997). CSF-mobilized CD34 peripheral blood stem cells
are significantly less apoptotic than unstimulated peripheral
blood CD34 cells: role of G-CSF as survival factor. Br J
Haematol, 97, 146-52.

Remacha AF, Arrizabalaga B, Villegas A, et al (1999).
Erythropoietin plus granulocyte colony-stimulating factor in
the treatment of myelodysplastic syndromes. Identification
of a subgroup of responders. The Spanish Erythropathology
Group. Haematologica, 84, 1058-64.

Richards MK, Liu F, Iwasaki H, Akashi K, Link DC (2003).
Pivotal role of granulocyte-stimulating factor in the
development of progenitors in the common myeloid
pathway. Blood, 102, 3562-68.

Rizzo JD, Brouwers M, Hurley P, et al (2010). American society
of clinical oncology/American society of hematology clinical
guideline update on the use of EPOetin and DarbEPOetin
in adult patients with cancer. J ClinOncol, 28, 4996-5010.

Rollison DE, Howlader N, Smith MT, et al (2008). Epidemiology
of myelodysplastic syndromes and chronic myeloproliferative
disorders in the United States, 2001-2004, using data from
the NAACCR and SEER programs. Blood, 112, 45-52.

Rose EH, Abels RI, Nelson RA, McCullough DM, Lessin L
(1995). Theuse of r-HUEPO in the treatment of anaemia
related to myelodysplasia(MDS). Br J Haematol, 89,831-7.

Sanchez JF (2011). Treatment of myelodysplastic syndromes in
elderly. AdvTher, 28, 1-9.

Santini V, Alessandrino PE, Angelucci E, et al (2010). Clinical
management of myelodysplastic syndromes: update of SIE,
SIES, GITMO, practice guidelines. Leuk Res, 34, 1576-88.

Sanz GF, Sanz MA, Vallespi T, et al (1989). Two regression
models and scoring system for predicting survival and
planning treatment in myelodysplastic syndromes:a
multivariate analysis of prognostic factors in 370 patients.
Blood, 74, 395-08.

Schmidt-Mende J, Tehranchi R, Forsblom AM, et al (2001).
Granulocyte colony-stimulating factor inhibits Fas-triggered
apoptosis in bone marrow cells isolated from patients with
refractory anemia with ringed sideroblasts. Leukemia, 15,
742-51.

Sekeres MA (2011). Epidemiology, natural history, and practice
patterns of patients with myelodysplastic syndromes in 2010.
J Natl Compr Canc Netw, 9,57-63.

Sekeres MA (2010). Are we nearer to curing patients with MDS?
Best Pract Res Clin Haematol, 23,481-7.

Sekeres MA, Schoonen M, Kantarjian H, et al (2008).
Characteristics of US patients with myelodysplastic
syndromes: results of six cross-sectional physician surveys.
J Natl Cancer Inst, 100, 1542-51.

Sekeres MA, Fu AZ, Maciejewski JP, et al (2007). A decision
analysis to determine the appropriate treatment for low-risk
myelodysplastic syndromes. Cancer, 109, 1125-32.

Sekeres MA, Kantarjian H, Fenaux P, et al (2011). Subcutaneous



or intravenous administration of Romiplostim in
thrombocytopenic patients with lower risk myelodysplastic
syndromes. Cancer, 117, 992-1000.

Sloand EM, Yong AS,Ramkissoon S, et al (2006). Granulocyte
colony-stimulating factor preferentially stimulates
proliferation of monosomy 7 cells bearing the isoform IV
receptor. Proc Natl Acad Sci USA, 103, 14483-8.

Silva M, Grillot D, Benito A, et al (1996). Erythropoietin
can promote erythroid progenitor survival by repressing
apoptosis through Bcl-XL and Bcl-2. Blood , 88, 1576-82.

Smith TJ, Khatcheressian J, Lyman GH, et al (2006). Updates
of recommendations for the use of white blood cell growth
factors: an evidence-based clinical practice guideline. J Clin
Oncol, 24,3187-205.

Stasi R, Bosworth J, Rhodes E, Shannon MS (2010).
Thrombopoietic agents. Blood Rev, 24, 179-90.

Steensma DP, Bennett JM (2006). The myelodysplastic
syndromes: diagnosis and treatment. Mayo Clin Proc, 81,
104-30.

Steinbrook R (2007). Erythropoietin, the FDA, and oncology.
N Engl J Med, 356, 2448-51.

Stone RM (2009). How I treat patients with myelodysplastic
syndromes. Blood, 113, 6296-303.

Sung L, Dror Y (2007). Clinical applications of granulocyte-
colony stimulating factor. Front Biosci, 12, 1988-2002.
Tehranchi R, Fadeel B, Forsblom AM, et al (2003). Granulocyte
colony-stimulating factor inhibits spontaneous cytochrome
¢ release and mitochondria-dependent apoptosis of
myelodysplastic syndrome hematopoietic progenitors. Blood

101, 1080-10.

Tehranchi R, Fadeel B, Schmidt-Mende J, et al (2005).
Antiapoptotic role of growth factors in the myelodysplastic
syndromes: concordance between in vitro and in vivo
observations. Clin Cancer Res, 11, 6291-9.

Tefferi A, Vardiman JW (2009). Myelodyspalstic syndromes.
N Engl J Med, 361, 1872-85.

Tefferi A (2010). Myelodysplastic syndromes-many new drugs,
little therapeutic progress. Mayo ClinProc, 85, 1042-5.
Terpos E, Mougiou A, Kouraklis A, et al (2002). Prolonged
administration of erythropoietin increases erythroid response
rate in myelodysplastic syndromes: a phase II trial in 281

patients. Br J Haematol, 118, 174-80.

Uddin S, Kottegoda S, Stigger D, Platanias LC, Wickrema A
(2000). Activation of the Akt/FKHRL1 pathway mediates
the antiapoptotic effects of erythropoietin in primary human
erythroid progenitors. Biochem Biophys Res Commun, 275,
16-9.

Vadhan-Raj S, Keating M, LeMaistre A, et al (1987). Effects
of recombinant human granulocyte-macrophage colony-
stimulating factor in patients with myelodysplastic
syndromes. N Engl J Med, 317, 1545-52.

Vardiman JW, Thiele J, Arber DA, et al (2009). The 2008 revision
of the World Health Organization classification of myeloid
neoplasms and acute. Leukemia: rationale and important
changes. Blood, 114, 937-51.

Verbeek W, Wormann B, Koch P, etal (1997). S-HAM induction
chemotherapy with or without GM-CSF in patients with
high-risk myelodysplastic syndromes. Ann Hematol, 74,
205-8.

Ward AC (2007). The role of the granulocyte colony-stimulating
factor receptor (G-CSF-R) in disease. Front Biosci, 12,
608-18.

Watson RW, O’Neill A, Brannigen AE, et al (1999). Regulation
of Fas antibody induced neutrophil apoptosis is both caspase
and mitochondrial dependent. FEBS Lett, 453, 67-71.

Westers TM, Alhan C, Chamuleau ME, et al (2010). Aberrant
immunophenotype of blasts in myelodysplastic syndromes

DOI:http://dx.doi.org/10.7314/APJCP.2012.13.4.1081

Revisiting use of Growth Factors in Myelodysplastic Syndromes
is a clinically relevant biomarker in predicting response to
growth factor treatment. Blood, 115, 1779-84.

Yoshida Y, Hirashima K, Asano S, Takaku F (1991). A phase II
trial of recombinant human granulocyte colony-stimulating
factor in the myelodysplastic syndromes. Br J Haematol,
78,378-84.

You A, Kitagawa S, Okabe T, et al (1987). Recombinant
human granulocyte colony-stimulating factor repairs the
abnormalities of neutrophils in patients with myelodysplastic
syndromes and chronic myeloid leukemia. Blood, 70, 404-
11.

Asian Pacific Journal of Cancer Prevention, Vol 13,2012 1091



