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Introduction
Myelodysplastic syndromes (MDS) are a group of hemato-
logic disorders of the pluripotent stem cells characterized by
ineffective hematopoiesis, including abnormalities in prolif-
eration, differentiation, and apoptosis. The overall clinical
result is peripheral cytopenias in the setting of a normo-
cellular or hypercellular bone marrow that morphologically
shows trilineage dysplasia [1]. The French-American-British
group presented a morphologic classification of MDS into
five categories: refractory anemia (RA), RA with ringed sidero-

blasts (RARS), RA with excess of blasts (RAEB), RAEB in trans-
formation (RAEB-t), and chronic myelomonocytic leukemia
(CMML) [2]. The World Health Organization proposed a new
approach to the classification of MDS. The blast count for
AML is now 20% or higher, thus the RAEB-t was eliminated,
and the presence of dysplasia in two or more cell lines (multi-
lineage dysplasia) and the 5q- syndrome are regarded as sepa-
rate entities of MDS. RAEB is divided into RAEB-1 and RAEB-
2, based on the number of blasts in the bone marrow. Unclas-
sifiable MDS was added as a new category and CMML is
included as a new separate category of MDS/myeloprolif-
erative disease (MPD) [3]. This proposal has raised contro-
versy mainly because of differences in, at least, mechanism of
proliferation, apoptosis, and angiogenesis among RAEB-t,
acute myeloid leukemia (AML), and other MDS [4•]. There-
fore, it is critical to develop an understanding of the subtle
biologic differences between patients with MDS and to deter-
mine how these differences translate with reference to natural
history, biology, and treatment outcome of the disease.

Angiogenesis
New knowledge in the field of MDS has been the descrip-
tion of increased blood vessel density in the bone marrow
and a disregulation of pro- and antiangiogenic molecules
in the blood of patients with hematologic malignancies.

Angiogenesis is often referred to as the physiologic and
pathologic development of a new network of blood vessels
arising from a pre-existing vasculature involving a multistep
process of degradation of extracellular matrix proteins,
activation, proliferation, and migration of endothelial cells
and pericytes [5,6•]. Although pathologic neovasculariza-
tion has been observed in nonmalignant diseases, such as
diabetic retinopathy and rheumatoid arthritis, it has also
been recognized as a major component in cancer patho-
physiology [6•,7,8].

Neovascularization or angiogenesis of solid tumors was
originally described in 1954 [9]. In 1968, Greenblatt and
Shubik [10] first coined the term “tumor angiogenesis.” In
1971, Folkman [11] published the first of several observations
suggesting that neovascularization of solid tumors was of
critical importance for tumor growth, dissemination, and
metastasis. Most tumors in humans remain in a “dormant
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state” until a subgroup of cells “switch” to an angiogenic phe-
notype, leading to a differential activation of oncogenes and
tumor suppressor genes with a consequent disruption of pos-
itive and negative regulatory proteins from the growth of
microvessels and pericytes [12].

Measurement of intratumoral microvessel density (MVD)
determined in tissue sections immunostained for vascular
endothelial cell markers appeared to be the most reliable
method of assessing angiogenic activity in solid cancer [13•].
An increased angiogenesis was recognized as a significant and
independent prognostic indicator in solid tumors [14,15].

An increased interest in angiogenesis in hematologic
malignancies has been reflected in the medical literature
and has been mainly studied in lymphomas and multiple
myeloma [16,17].

Vascularity in Leukemia
Perez-Atayde et al. [18•] studied the angiogenesis in 61 bone
marrow biopsies (BMBx) from 41 children with acute lym-
phoid leukemia (ALL). The MVD was significantly increased
in patients with ALL compared to controls. Basic fibroblast
growth factor (bFGF), a well-known mitogen of endothelial
cells and angiogenesis, was also measured. Pretreatment
urinary bFGF was higher in patients with ALL compared to
controls [18•]. After this study, several other studies have
confirmed an increased number of blood vessels and differ-
ential expression of inducers and inhibitors of angiogenesis
in acute and chronic leukemia [19–24,25•]. A prognostic
significance of increased angiogenesis has been confirmed
in leukemia.

Angiogenesis in Myelodysplastic Syndromes
Confirmation of increased abnormal MVD in the bone
marrow of patients with MDS has been reported. Using
anti-CD31 and anti-CD34 immunostaining, Pruneri et al.
[26••] evaluated 133 BMBx (14 controls, five patients
with infectious disease, 85 with MDS, 15 with AML, and
14 patients with MPD). MVD was similar in controls and
patients with infectious disease, significantly higher in
patients with MDS compared to controls and patients
with infectious disease, and significantly lower compared
to patients with AML and MPD. Among the subset of
patients with MDS, MVD was significantly higher in the
patients with RAEB-t, CMML, and fibrosis compared to
patients with RA, RARS, and RAEB. Researchers found no
significant difference between RAEB-t, CMML, and fibro-
sis compared to AML. By studying a subset of 29 patients,
MVD did not correlate significantly with age, gender, pres-
ence of chromosome abnormality, and platelet count. A
weak trend indicated a higher MVD in patients with a
higher blast count, white blood cell count, and lower
hemoglobin. There was no difference between patients
who later developed AML and patients with stable MDS.
Authors confirmed that MDS has an intermediate MVD

level between controls and patients with AML that may
suggest a correlation between angiogenesis and progres-
sion to leukemia [26••].

Aguayo et al. [25•] analyzed 129 BMBx from patients’ var-
ious leukemias, including 32 patients with MDS classified
before the World Health Organization proposal. The blood
vessels were highlighted using anti-FVIII–related antigen
staining. A significant increase in vascularity of patients with
MDS compared to the controls was found. When patients
with CMML were considered separately from patients with
MDS, their vascularity was significantly higher compared to
the control group, but it was not different from other patients
with MDS (RA, RARS, RAEB, and RAEB-t). CMML also had
similar MVD and vascular endothelial growth factor (VEGF)
compared to chronic myelogenous leukemia (CML), which
may reflect the proliferative nature of CMML, despite its fre-
quent classification as a subgroup of MDS [25•]. Mangi and
Newland [27] also reported an increased angiogenesis in
patients with CMML. The patients with extramedullary infil-
tration, irrespective of the type of CMML, showed the highest
vascularity [27].

The study by Zorat et al. [28] evaluating clinical and bio-
logic effects of thalidomide in 30 patients with MDS found a
significantly increased MVD compared to matched controls.
This group confirmed that vessels in patients with MDS were
irregular and morphologically distinct, which was described
by Perez-Atayde et al. [18•] involving lymphoblastic leukemia
in children and by Pruneri et al. [26••] involving patients
with MDS.

Korkolopoulou et al. [29] evaluated BMBx immuno-
stained with anti-FVIII–related antigen from 50 newly diag-
nosed patients with MDS and 10 patients with CMML
compared to 20 control samples. The MDS group had signif-
icantly higher MVD. They also reported a finding already
observed in the study by Pruneri et al. [26••] and Aguayo et
al. [25•]. Their subgroup of patients with AML was character-
ized by increased vascularity compared to MDS and CMML.
Hypercellular MDS showed higher MVD. RA/RARS displayed
larger caliber vessels compared to RAEB. Qualitative alter-
ations of the microvascular network were characteristic in
AML and advanced-stage MDS. Some of these changes in the
shape of the MVD affected the survival and progression-free
survival [29]. Table 1 summarizes the evidence of increased
angiogenesis in MDS.

Angiogenesis Regulators in 
Myelodysplastic Syndromes
Angiogenic activity is known to depend on a tight balance
between positive and negative regulatory cytokines. VEGF
and bFGF are recognized as the major positive regulators
of angiogenesis .

Vascular endothelial growth factor, a 34- to 42-kD dimeric
protein with a 15% to 25% homology with platelet-derived
growth factor, was originally cloned from the leukemic cell
line HL60 and then found in other leukemic cells [30]. The
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gene for human VEGF contains eight exons and seven introns
and is located on chromosome 6p21.3 [31]. As a result of
alternative splicing, four isoforms of VEGF containing 121,
165, 189, and 206 amino acids are recognized [32,33].
VEGF121 and VEGF165 are secreted by cells and have similar
mitogenic properties. VEGF189 and VEGF206 are predomi-
nantly cell-associated; however, VEGF189 may be released in
the situation of cell death, injury, or tissue repair. Basic FGF is
a member of a family of nine structurally related polypeptide
mitogens. bFGF was one of the first FGF family members to
be purified and characterized. The gene for human bFGF is
located on chromosome 4 and is composed of three exons
and two large introns [34]. Cloned cDNA for bFGF encoded a
protein containing 155 amino acids (18 kDa). The 18-kDa
isoform seems to be released by the cells into the extracellular
environment. High concentrations of VEGF and bFGF have
been demonstrated in solid tumors and correlated with out-
come [35]. Fiedler et al. [36] detected VEGF-specific tran-
scripts and protein expression in patients with AML and
leukemic cell lines.

Bellamy et al. [37••] evaluated the pattern of VEGF and
receptor expression in BMBx of 46 patients with MDS (eight
patients with RA, six with RARS, 10 with CMML, and 22
patients with RAEB and RAEB-t). VEGF protein expression
was uncommon in normal BMBx samples compared to
MDS and AML samples in which a diffuse cytoplasmic pat-
tern in myeloid and monocyte precursors was observed.
VEGF mRNA was restricted to neoplastic myelomonocytic
cells in a pattern analogous to that observed for VEGF pro-
tein expression. In accordance with previous vascularity
studies, Bellamy et al. [37••] also showed an expression of
VEGF higher in patients with AML (82%) compared to
patients with MDS (76%).

Aguayo et al. [25•] described BMBx angiogenesis and
plasma levels of VEGF, bFGF, hepatocyte growth factor
(HGF), transforming growth factor (TGF)-α, and tumor
necrosis factor (TNF)-α in a group of patients with newly
diagnosed leukemia and MDS. Except for TGF-α, levels of
all of these factors were significantly higher in patients with
leukemia and MDS. No significant difference was evident
in levels of VEGF between AML and MDS; however, there

was a significant difference between AML and CMML.
CMML displayed the higher levels of VEGF among MDS
and other chronic and acute leukemias. In another study,
Aguayo et al. [25•] compared only VEGF and bFGF in
plasma samples in the peripheral blood in previously
untreated patients with MDS and AML to normal individu-
als. An increased expression of VEGF and bFGF was found
in the plasma of patients with AML and MDS. Although a
significant correlation between higher levels of VEGF and
bFGF was associated with poor outcome in AML (consis-
tent with prior observations in cellular levels of VEGF stud-
ies), there was no correlation of VEGF and bFGF plasma
concentrations with survival or complete remission dura-
tion in patients with MDS. The lack of clinical relevance of
VEGF concentrations in MDS should be confirmed, but
these results underscore the concept that MDS is probably a
biologically different entity from AML and should be dis-
tinguished from AML [4•,25•,38].

Other proangiogenic and antiangiogenic molecules have
been reported to be involved in the new vessel formation
process, such as TNF-α, TGF-β, TGF-α, HGF, and angiogenin
[25•,38,39]. Similar to VEGF and bFGF, increased levels of
these molecules have been correlated with poor prognosis in
several solid tumors.

Hepatocyte growth factor is thought to increase angio-
genesis by multiple mechanisms, including effects on prolif-
eration, motility, and adhesion of endothelial cells, effects
on morphogenesis of new vessels, and possibly by the pro-
duction of angiogenic factors by stromal and other cells,
including upregulation of VEGF in vascular-smooth muscle
cells [40,41].

Verstovsek et al. [41] quantified HGF in stored samples
from newly diagnosed patients with AML and MDS. HGF
concentrations were significantly higher in patients with
AML or MDS compared to healthy individuals. Higher
HGF concentrations in AML and MDS correlated signifi-
cantly with white blood cell count, monocyte count, and
poor performance status, as described earlier in this paper
for VEGF. Plasma concentrations of HGF correlated with
shorter survival in patients with AML, but they did not
correlate with shorter survival in patients with MDS. No

Table 1. Evidence supporting increased angiogenesis in myelodysplastic syndromes

Study Year Patients, n Disease BMBx MVD Observations

Mangi and Newland [27] 1999 16 MDS/CMML Increased ↑ Incidence of extramedullary leukemia
Pruneri et al. [26••] 1999 85 MDS Increased Intermediate MVD between 

controls and AML
Aguayo et al. [25•] 2000 32 MDS Increased ↑ VEGF, bFGF, and HGF; 

no ↑ TNF-� similar to AML
Zorat et al. [28] 2001 30 MDS Increased ↑ RARS > other MDS, VEGF, 

and bFGF; RA > RARS 
Korkolopoulou et al. [29] 2001 50 MDS Increased AML > MDS and CMML

↑ —increased; AML—acute myeloid leukemia; bFGF—basic fibroblast growth factor; BMBx—bone marrow biopsies; CMML—chronic 
myelomonocytic leukemia; HGF—hepatocyte growth factor; MDS—myelodysplastic syndromes; MVD—microvessel density; RA—refractory anemia; 
RARS—refractory anemia with ringed sideroblasts; TNF-�—tumor necrosis factor-alpha; VEGF—vascular endothelial growth factor. 
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significant correlation was observed between HGF concen-
trations and complete remission rate or duration [41].

Involvement of angiogenin in the development of cancer
was suggested by the significant increase in serum concentra-
tions of angiogenin in patients with solid tumors, elevated
concentrations of angiogenin transcripts in tumor tissues,
and in tumor cell lines [42–44]. Recent evidence suggests a
correlation between increased angiogenin concentrations/
expression and cancer progression or poor prognosis in
patients with solid tumors. Verstovsek et al. [45] described
the first study of angiogenin in hematologic malignancies.
Angiogenin concentrations were significantly higher in
patients with AML and advanced MDS compared to control
samples. Angiogenin concentrations were also significantly
higher in advanced MDS compared to AML. In contrast to
studies involving solid tumors, elevated levels of angiogenin
(> 600 ng/mL) correlated with prolonged survival in patients
with AML and advanced MDS, but there was no significant
correlation between angiogenin level and complete remis-
sion rate and duration in patients with AML or advanced
MDS [45]. Authors speculate regarding the inhibition of pro-
tein synthesis by higher activity of RNase and differential
receptor stimulation in circulating malignant cells as a possi-
ble mechanism for this discrepancy between solid tumors
and AML and MDS.

Vascular Endothelial Growth Factor Receptors, 
Autocrine, and Paracrine Mechanisms of 
Disease in Myelodysplastic Syndromes
Three structurally related VEGF class III tyrosine-kinase
receptors have been identified: Flt-1 or VEGF receptor
(VEGFR)-1, Flk-1 (kinase domain-containing receptor
[KDR]) or VEGFR2, and Flt-4 or VEGFR3 [46,47]. Although
there is significant homology among their sequences, they

are encoded by three separate genes. The expression of these
receptors in different tissues and cell lines suggests that each
may play a unique physiologic role. The reported Flt-1–
mediated biologic activities of VEGF include tissue factor
production in endothelial cells, nitric oxide release in tro-
phoblast cells, and migration of monocytic cells [48,49].
Bellamy et al. [30] found increased expression of VEGF,
bFGF, and Flt-1, but did not find the KDR receptor in various
leukemic cell lines. In an elegant separate publication,
Bellamy et al. [30] evaluated VEGF protein and receptor
expression and its functional significance in MDS BMBx.
Monocytoid precursors in CMML expressed VEGF in an
intense cytoplasmic pattern with membranous coexpression
of the Flt-1, KDR, or both receptors. In AML and other MDS
subtypes, intense coexpression of VEGF and one or both
receptors was detected in myeloblasts and immature mye-
loid elements, whereas erythroid precursors and lymphoid
cells lacked VEGF and receptor expression. Foci of abnormal
localized immature myeloid precursors coexpressed VEGF
and the Flt-1 receptor. Neutralization of VEGF by means of
an antibody-inhibited colony-forming unit-leukemia for-
mation in patients with CMML and RAEB-t and suppressed
the generation of TNF-α and interleukin (IL)-1 from MDS
bone marrow mononuclear cells and bone marrow stroma
and promoted the formation of colony-forming unit granu-
locyte erythrocyte macrophage megakaryocyte and burst-
forming unit erythroid in methylcellulose cultures. Accord-
ingly, VEGF stimulated leukemia-colony formation [37••].
The presence of angiogenic factors and their receptors in the
hematopoietic microenvironment within the bone marrow
(ie, stroma cells, endothelial cells, and leukemic blast) sug-
gests the involvement of an autocrine and a paracrine loop
that would give the leukemic cells a survival advantage. By
contributing to leukemia and MDS-malignant clone pro-
genitor self-renewal and inflammatory cytokine elaboration,

Table 2. Efficacy of thalidomide in myelodysplastic syndromes

Study Year Patients, n Population Thalidomide Response

Raza et al. [52•] 2001 83 MDS 100–400 mg × 
12 wk

Poor tolerance to increasing dose of 
thalidomide; 19% response in IIT (16/33); 31% 
response in only evaluable patients (16/51)

Moreno-Aspitia 
et al. [54]

2002 73 MDS 200–1000 mg Poor tolerance to increasing 
dose of thalidomide; 1 PR with disappearance 
of monosomy 7; 24 patients with 
hematologic improvement

Bertolini 
et al. [56]

2001 34 MM, 5 MDS, 
and histiocytosis

MDS, MM, and 
histiocytosis

100–400 mg Poor tolerance to increasing dose of 
thalidomide; clinical response in two of five 
patients with MDS, decreased blast count, 
and increased Hb and platelets, and 
transfusion independence in one patient

Strupp 
et al. [55]

2002 34 MDS and CMML Median 400 mg Poor tolerance to increasing dose 
of thalidomide; clinical response in 
19 of 34 patients (56%) 

CMML—chronic myelomonocytic leukemia; IIT—intention to treat; Hb—hemoglobin; MDS—myelodysplastic syndrome; MM—multiple myeloma; 
PR—partial response.
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such as TNF-α, angiogenic factors may interact with other
mechanisms, including differentiation and apoptosis in
CMML and MDS.

Angiogenesis-based Therapy
Advancements in the knowledge of the pathophysiology of
MDS, along with new drug developments, have raised opti-
mism in the treatment of MDS. Evidence of increased angio-
genesis described earlier in this paper provides a support to
test antiangiogenesis drugs in the clinical setting.

Thalidomide became the first drug investigated as an anti-
angiogenic agent in cancer based on a variety of studies that
have clearly shown direct blockage of new vessel formation by
means of inhibition of several molecules, including bFGF,
VEGF, TNF-α, IL-6, IL-10, and IL-12 [50]. In hematologic
malignancies, Singhal et al. [51] reported single-agent thalido-
mide to be active in 34% of 84 relapsed/refractory patients
with multiple myeloma.

Thalidomide in Myelodysplastic Syndromes
Table 2 summarizes the use of thalidomide in patients with
MDS. Raza et al. [52•] administered thalidomide to 83
patients with MDS, starting at a dose of 100 mg orally daily
and increasing to 400 mg as tolerated during 12 weeks. Six-
teen patients showed hematologic improvement, with 10 pre-
viously transfusion-dependent patients becoming transfusion
independent. Prognostic factors associated with response
were lower pretherapy blasts, lower duration of pretherapy
platelet transfusions, and higher pretherapy platelets. Among
responders, nine patients had RA, five had RARS, and two
patients had RAEB. By intention-to-treat analysis, 19% of
patients (16 of 83) responded and, when only evaluable
patients were analyzed, 31% (16 of 51) responded [52•]. In a
subset analysis of 30 patients with MDS from the study cited
earlier in this paper, Zorat and Pozzato [53] found 10 patients
with improvement in the erythroid series, including six
patients who became transfusion independent. Median time
to response was 10 weeks and four patients remain in remis-
sion after 1 year. Pretherapy MDS BMBx showed higher MVD,
TGF-β, and higher serum TNF-α compared to normal control
subjects. After therapy with thalidomide, only bone marrow
TGF-β decreased significantly. Pretherapy hemoglobin was
directly related to serum VEGF in responders and inversely
related in nonresponders. Authors concluded that thalido-
mide has an important role in MDS and suggest the possibil-
ity that angiogenesis may be a primary pathology in the
responders and a consequence of anemia-induced hypoxia in
the nonresponders [28,53].

In the N998B study, a total of 73 patients, divided in
favorable and unfavorable groups, received a starting dose of
oral thalidomide 200 mg/day to a maximum dose of 1000
mg/day. Most patients were red blood cell- and platelet trans-
fusion-dependent at baseline. Based on the International
Working Group response criteria for MDS and a median fol-
low-up time of 4 months, only one patient in the unfavorable

group achieved a partial response with reversal of monosomy
7 to normal cytogenetics. Overall, only one patient in the
unfavorable group (3%) and six patients in the favorable
group (21%) achieved a hematologic improvement or partial
response sustained at two consecutive monthly evaluations.
In regards to toxicity, only 32 patients (44%) were able to
complete more than three cycles and most patients ended
therapy early because of adverse reactions. Grade 3/4 toxici-
ties occurred in 90% and 87% of the patients in the unfavor-
able and favorable groups, respectively, including patients
that died of a myocardial infarction. The most common
severe toxicities were fatigue and neuropathy [54].

The German group examined the efficacy of thalido-
mide at a median dose of 400 mg orally per day in 34
patients with MDS: five patients with RAEB-t, four with
RAEB, three with CMML, six with RARS, and 16 patients
with RA. At a media follow-up time of 13 months, hemato-
logic improvement was observed in 19 patients (56%).
Nine of the responders achieved a partial remission and
four patients had a major response, with platelet and red
blood cell transfusion independence. Six patients showed
minor responses and four patients showed stable disease.
Hematologic improvement occurred after a median time of
2 months of treatment. However, tolerance was poor as the
dose of thalidomide increased [55].

In a smaller group of patients with MDS studied by Berto-
lini et al. [56], two of five patients with MDS became transfu-
sion independent. The bone marrow blasts of the patient with
RAEB reduced from 20% to 5% and time to progression was 4
months. The other patient with RA had an improvement in
pancytopenia that led to a longer transfusion interval from 15
to 60 days and time to progression was 7 months [56].

Although results are consistent with at least a partial
clinical improvement, targeted doses of thalidomide and
criteria to evaluate response were different in each trial and
conclusions should be taken with caution because larger
randomized trials are not available. Toxicity was significant
and dose limiting.

Derivatives of Thalidomide
CC5013 is an immunomodulatory derivative of thalido-
mide with an improved toxicity profile lacking the neuro-
logic toxicities of the parent compound. CC5013 inhibits
throphic response to VEGF in myeloblasts and endo-
thelial cells, suppresses more than 100-fold the genera-
tion of TNF-α, suppresses the generation of inflammatory
cytokines, downregulates adhesion molecules and apop-
tosis inhibitory proteins, promotes sensitivity to death-
receptor–initiated apoptosis, and suppresses angiogenic
response [57]. In the study by List et al. [58], patients
received CC5013 at an initial dose of 10 mg until a maxi-
mum of 25 mg per day. Fifteen patients received the study
treatment (four patients with RA, four with RARS, six
with RAEB, and one patient with RAEB-t). Six of nine
(66%) evaluable patients experienced hematologic ben-
efit. Hematologic responses included red blood cell trans-
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fusion independence in four patients, a more than 50%
decrease in red blood cell transfusions in one patient, and
one patient with a more than 1.5 g/dL increase in hemo-
globin and a major platelet response. Among five patients
evaluable for cytogenetic response, three achieved a com-
plete or partial remission. Responses were associated with
normalization of blast percentage, reduced grade of bone
marrow dysplasia, and 50% or greater 40-fold improve-
ment in bone marrow multipotent progenitor and eryth-
roid burst formation [58].

Other Antiangiogenic Therapies in 
Myelodysplastic Syndromes
There are several other drugs under active development. Beva-
cizumab (recombinant humanized monoclonal antibody
VEGF) is a recombinant anti-VEGF humanized monoclonal
antibody. In a multicenter study recently reported by Glotlib
et al. [59], recombinant humanized monoclonal antibody
VEGF was initiated at a dose of 10 mg/kg intravenously every
2 weeks for 4 months in 15 patients with MDS. Seven patients
have completed at least 4 months of therapy. Two of seven
patients achieved a major erythroid response. One patient
became red blood cell-transfusion independent and achieved
a response lasting for 15 months. A second patient developed
a major erythroid response 4 months after initiation of ther-
apy. Three patients were removed from the study early for
cytopenias or disease progression. Further follow-up and a
greater number of patients are needed. However, erythroid
response is encouraging [59].

SU5416 is a VEGFR-1 and VEGFR-2 inhibitor. A multi-
center phase II study involving SU5416 was conducted in
patients with refractory AML or MDS. Patients with AML and
22 high-risk patients with MDS received 145 mg/m2 intra-
venously twice weekly. Three patients (5%) achieved a partial
response and one patient (2%) achieved hematologic
improvement. The overall median survival time was 12 weeks
in patients with AML, but it was not reached in patients with
MDS [60]. Other receptor antagonists, such as PTK787, are
under active clinical research [61,62].

Arsenic trioxide (ATO) is an agent approved for the treat-
ment of acute promyelocytic leukemia. It is thought that ATO
has an antiproliferative mechanism of action by blocking
VEGF-A and directs endothelial vascular cytotoxic damage.
List et al. [63], Raza et al. [64], and Vey et al. [65] have studied
ATO in three different trials. Approximately 33% of patients
with MDS have achieved hematologic improvement, with
only a few complete and partial responses [63–65].

Other agents, such as the metalloproteinase inhibitor
AG3340 and farnesyl transferase inhibitors, have antiangio-
genic activity, but clinical experience is limited. However, tipi-
farnib has yielded a 50% reduction in blast percentage in
29% of patients and complete remissions in as many as 6% of
patients with AML and MDS [61,62].

Conclusions
Angiogenesis is a well-documented process in human cancer.
Its understanding in hematologic malignancies, including
MDS, has provided insights to major mechanisms in the
pathophysiology of MDS. Extensive and complex interactions
between a variety of cells and molecules and the exact role of
these mediators are largely unknown and active research
continues in solid and hematologic malignancies. New anti-
angiogenic agents have raised a major interest in the develop-
ment of clinical trials. Thalidomide has reported activity in
the treatment of cytopenias in MDS with some success in
reversing anemia; however, toxicity has limited its use. Several
other antiangiogenic agents have been used for the treatment
of solid tumors and AML. Understanding the role and inter-
actions of angiogenic and antiangiogenic factors in MDS,
along with improvement in the toxicity profile of some thali-
domide derivatives and novel agents, will lead to the rational
use of angiogenic modulators.
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