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BACKGROUND. Vascular endothelial growth factor (VEGF) and basic fibroblast

growth factor (bFGF) are positive regulators of angiogenesis. Increased levels in

urine, serum, plasma, or malignant tissue have been associated with an adverse

prognosis in patients with solid tumors.

METHODS. The authors used an enzyme-linked immunosorbent assay to measure

VEGF and bFGF levels in plasma samples from 99 patients with previously un-

treated myelodysplastic syndromes (MDS) (n � 41 patients; 42%) or acute myeloid

leukemia (AML) (n � 58 patients; 58%) and compared the results with the results

from a group of normal control participants.

RESULTS. Increased expression levels of VEGF and bFGF were found in the plasma

from patients with AML and MDS (P � 0.01) compared with the levels found in the

control group. Plasma levels of VEGF in patients with AML or MDS were similar

(median, 30.63 pg/mL and 34.41 pg/mL, respectively). There was no significant

difference in bFGF levels between patients with AML and patients with MDS

(median, 6.38 pg/mL and 6.98 pg/mL, respectively). Elevated levels of VEGF were

associated with reduced survival (P � 0.02) in patients with AML as well as lower

complete remission (CR) rates (P � 0.004). Elevated VEGF levels were not associ-

ated with reduced remission duration (CRD) in patients with AML. There was no

correlation between VEGF levels and survival, CRD, or CR rates in patients with

MDS. There was no correlation between bFGF levels and CR rates or survival in

patients with either AML or MDS.

CONCLUSIONS. Plasma VEGF levels have prognostic significance in patients with

AML. The lack of clinical relevance of VEGF levels in patients with MDS suggests

some biologic difference between AML and MDS. Cancer 2002;95:1923–30.
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Angiogenesis, the formation of capillaries from established blood
vessels, provides malignant cells with a survival advantage over

their normal counterparts and confers metastatic potential.1 Vascular
endothelial growth factor (VEGF) and basic fibroblast growth factor
(bFGF) are major positive regulators of tumor-related angiogenesis.2–5

It has been reported that VEGF levels within tumor tissue,6 –11 urine,12

serum,13–18 and plasma19,20 are elevated and are of prognostic signif-
icance in a wide variety of patients with solid tumors. It also has been
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reported that the levels of expression of bFGF and its
receptor, the high-affinity type 1 basic fibroblast
growth factor receptor (FGFR-1), have prognostic rel-
evance in patients with some types of solid tu-
mors.21–23 Data on the significance of serum or plasma
bFGF levels are limited, and it has been reported var-
iously that elevated bFGF levels have no prognostic
import,24 –27 positive prognostic import,28,29 or nega-
tive prognostic import30,31 in patients with solid tu-
mors.

Relatively little information is available on the
prognostic significance of VEGF and bFGF levels in
patients with hematologic malignancies. Increased
levels of urinary bFGF have been recorded in children
with acute lymphocytic leukemia and have been cor-
related with increased vascularity in the bone marrow
and response to therapy.32 Foss et al. reported that
VEGF may be involved in the induction of angiogen-
esis in peripheral T-cell lymphomas, Castleman dis-
ease, and Hodgkin disease.33 We recently documented
that the blast VEGF level is an independent predictor
of outcome in patients with acute myeloid leukemia
(AML).34 We hypothesized that plasma VEGF levels,
which are easier to measure, also can predict survival
in patients with AML, replacing the measurement of
cellular VEGF levels. This may have significant impli-
cations in future therapy strategy for patients with this
disease that may incorporate antiangiogenic agents.
Due to the similarity in overall behavior and outcome
between patients with AML and patients with myelo-
dysplastic syndromes (MDS), we also studied samples
from patients with MDS.

Gruber et al. proposed that bFGF expression by
hairy cell leukemia cells may be involved in resistance
to purine analogs and survival of the malignant cells.35

Salven et al. documented that a high pretreatment
serum bFGF concentration is an independent predic-
tor of poor prognosis in patients with non-Hodgkin
lymphoma (NHL).36 In multivariate analyses, serum
bFGF was more significant as an independent prog-
nostic variable compared with serum lactate dehydro-
genase or the number of extranodal tumor sites, both
of which are key variables within the NHL Interna-
tional Prognostic Index.37 In the current study, we
evaluated levels of VEGF and bFGF in platelet-poor
plasma from patients with AML and patients with
MDS, and we correlated these levels with clinical out-
comes. We focused on platelet-poor plasma levels of
these factors because platelets are a major source for
soluble VEGF in the peripheral blood, and platelet
counts are markedly abnormal in many patients with
AML and MDS.38,39

MATERIALS AND METHODS
Study Group
VEGF and bFGF concentrations were measured in
plasma samples obtained prior to initial cytotoxic
therapy from 99 patients with a diagnosis of AML (58
patients) and MDS (41 patients) who were seen at The
University of Texas M. D. Anderson Cancer Center.
Patient characteristics are shown in Table 1. For each
patient, the diagnosis was based on morphologic anal-
ysis, cytochemical staining, immunophenotypic anal-
ysis (CD64, CD13, CD33, CD14, CD117, CD10, CD19,
CD3, Dr, and Tdt), and molecular analysis, as indi-
cated. Cytogenetic analysis also was performed. Pa-
tients were treated according to Institutional Review
Board-approved clinical research protocols at The
University of Texas M. D. Anderson Cancer Center
after they signed informed consent. All patients were
followed regularly in the Leukemia Department out-
patient clinic.

Samples
Ten milliliters of peripheral venous blood samples
were collected in sterile ethylenediamine tetraacetic
acid tubes. Plasma was separated by centrifugation at
� 1500 g for 10 minutes in a refrigerated centrifuge
and were stored at � 70 °C. Plasma samples from 11
normal individuals were used to determine control
plasma values for VEGF and bFGF.

Plasma VEGF and bFGF Enzyme-Linked Immunosorbent
Assay
Commercially available kits (R&D Systems, Minneap-
olis, MN) were used to measure VEGF and bFGF levels
following the protocols recommended by the manu-
facturer. Briefly, 100 �L of plasma for VEGF and 200
�L for bFGF were added to separate microplates each
containing a monoclonal antibody specific for either
VEGF or bFGF. The mixtures were incubated at room
temperature for 2 hours. The plates were washed three
times to remove any unbound substances. Enzyme-
linked polyclonal antibodies specific for each protein
were added to the wells, and the mixtures were incu-
bated at room temperature for 2 hours followed by
another washing to remove any unbound antibody or
enzyme reagent. A substrate solution was added to the
wells, and a blue color developed; the intensity of the
blue was proportionate to the amount of VEGF or
bFGF bound in the initial step. The color development
was stopped, and the intensity of the color was mea-
sured and compared with a standard curve. Reading
was done at 450-nm wavelength, as recommended by
manufacturers. The results are expressed in pg/mL.
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Statistical Analysis
Associations between patient characteristics (covari-
ates) were assessed for pairs of numeric variables with
Spearman correlations and for categorical and contin-
uous variables with Kruskall–Wallis rank correlations.
The outcomes evaluated were achievement of a com-
plete response (CR), survival, and disease free survival.
Events that determined event free survival (EFS) were
disease recurrence and death in CR. Unadjusted time
to event analyses were performed using Kaplan–Meier
plots, and log-rank tests were used to calculate differ-
ences in outcome between groups. We used a recur-
sive partitioning procedure to reach the optimal cut-
off point for the Kaplan–Meier plots. This procedure is
based on using Martingale residual plots, which eval-
uate correlations between survival and levels of VEGF
or bFGF.

RESULTS
Ninety-nine plasma samples were analyzed from 58
patients (58%) with newly diagnosed AML and from 41
patients (42%) with newly diagnosed MDS. The me-
dian age of the total group was 65 years (range, 21– 82
years). Tables 1 and 2 provide some information about
the clinical characteristics of the patients on study.

Levels of VEGF and bFGF in Plasma from Patients with
AML and MDS
Among 99 patients with AML and MDS, the median
VEGF concentration in plasma was 30.84 pg/mL
(range, 21.47– 408.67 pg/mL). In the normal control
group, the median VEGF concentration was 27.30
pg/mL (range, 23.17–91.50 pg/mL). The median VEGF
concentration in plasma from patients with AML was
30.63 pg/mL (range, 21.47–389.82 pg/mL), and the
median VEGF concentration in plasma from patients

TABLE 1
Patients Characteristics and Relative Levels of Vascular Endothelial Growth Factor and Basic Fibroblast Growth Factor in Various Subgroups of
Patients with Acute Myeloid Leukemia and Myelodysplastic Syndromes

Patient characteristic

No. of patients (% of total)

AML
High
VEGF

High
bFGF MDS

High
VEGF

High
bFGF

Total 58 19 (32.8) 10 (17.2) 41 19 (46.3) 12 (29.3)
Age � 60 yrs 37 (63.8) 14 (24.1) 7 (12.1) 31 (75.6) 15 (36.6) 10(24.4)
Performance status 0–2 54 (93.1) 18 (31) 10 (17.2) 41 (100) 19 (46.3) 12 (29.3)
Antecedent hematologic disorder 32 (55.2) 11 (19) 8 (13.8) 30 (73.2) 16 (39) 10 (24.4)
Hemoglobin �10 g/dL 56 (96.6) 19 (32.8) 10 (17.2) 35 (85.4) 19 (46.3) 10 (24.4)
WBC � 20 � 109/L 18 (31) 7 (12.1) 4 (6.9) 11 (26.9) 7 (17.1) 6 (14.6)
Platelets � 50 � 109 L 29 (50) 6 (10.3) 3 (5.2) 27 (65.9) 12 (29.3) 4 (9.8)
Cytogenetics (prognosis)

Diploid (intermediate) 24 (41.4) 10 (17.2) 4 (6.9) 24 (58.5) 11 (26.8) 9 (21.9)
�5, �7, or �8 (bad) 13 (22.4) 5 (8.6) 3 (5.2) 13 (31.7) 5 (12.2) 2 (4.9)
(8;21) or inv16 (good) 5 (8.6) 2 (3.4) 0 (0) 1 (2.4) 1 (2.4) 0 (0)

FAB classification
M0-M2 34 (58.6) 7 (12.1) 3 (5.2) NA NA NA
M4-M5 20 (34.5) 9 (15.5) 4 (6.9) NA NA NA
M6-M7 4 (8.6) 2 (3.4) 1 (1.7) NA NA NA
RA NA NA NA 1 (2.4) 1 (2.4) 0 (0)
RAEB NA NA NA 14 (34.1) 5 (12.2) 4 (9.8)
RAEB-T NA NA NA 16 (39) 5 (12.2) 2 (4.9)
CMML NA NA NA 10 (24.4) 8 (19.5) 6 (14.6)

AML: acute myeloid leukemia; MDS: myelodysplastic syndromes; VEGF: vascular endothelial growth factor; bFGF: basic fibroblast growth factor; WBC: white blood cells; NA: not applicable; FAB: French–American–

British; RA: refractory anemia; RAEB: refractory anemia with elevated blasts; RAEB-T: refractory anemia with elevated blasts in transformation; CMML: chronic myelomonocytic leukemia.

TABLE 2
Correlation of Vascular Endothelial Growth Factor and Basic
Fibroblast Growth Factor with Various Patients Characteristics

Patient characteristics

No. of patients (P value)

Study group High VEGF High bFGF

Total no. of patients 99 38 22
Age � 60 yrs 68 29 (NS) 17 (NS)
Performance status 0–2 95 37 (0.004) 22 (NS)
Antecedent hematologic disorder 62 27 (NS) 18 (0.01)
Hemoglobin � 10 g/dL 91 38 (NS) 20 (NS)
White blood cells � 20 � 109/L 29 14 (NS) 10 (NS)
Platelets � 50 � 109/L 56 18 (0.01) 7 (0.0001)
�5, �7, or �8 cytogenetics 26 10 (NS) 5 (NS)

VEGF: vascular endothelial growth factor; bFGF: basic fibroblast growth factor; NS: not significant.

VEGF and bFGF in AML and MDS/Aguayo et al. 1925



with MDS was 34.41 pg/mL (range, 22.45– 408.67 pg/
mL). Figure 1A shows box plots comparing means and
overall levels of VEGF between patients with AML,
patients with MDS, and the normal control group.
Plasma VEGF levels were significantly higher in the 99
patients compared with the 43 individuals in the nor-
mal control group (Kruskall–Wallis; P � 0.001). The
median age in the normal control group was 39 years
(range, 24 –79 years), whereas 69.7% of the patients
were age � 60 years; therefore, the control group was
not age-matched, and studies with large numbers of
patients and controls should be performed to confirm
our observation. There was no significant difference
between plasma VEGF levels in patients with AML or
patients with MDS (P � 0.73).

The median levels of bFGF were significantly
higher in the cohort of 99 patients compared with the
normal control group (patients: 6.5 pg/mL; range,
4.66 –203.74 pg/mL; control group: 5.38 pg/mL; range,
4.56 –13.65 pg/mL; P � 0.001) Figure 1B shows box
plots comparing means and overall levels of VEGF
between patients with AML, patients with MDS, and

the normal control group. There was no significant
difference between median plasma levels of bFGF in
patients with AML (6.38 pg/mL; range, 4.66 –203.74
pg/mL) and MDS (6.98 pg/mL; range, 4.7– 60.95 pg/
mL; P � 0.25). Plasma levels of VEGF and bFGF were
correlated (correlation coefficient [R] � 0.3; P � 0.003)
for the whole group, the AML subgroup (R � 0.28; P
� 0.03), and the MDS subgroup (R � 0.32; P � 0.04).

To determine whether the levels of VEGF and
bFGF in these patients were affected by renal function,
we compared VEGF and bFGF levels with blood urea
nitrogen (BUN) and creatinine levels measured at the
time that VEGF and bFGF levels were measured. VEGF
levels were not correlated with BUN or creatinine lev-
els. However, bFGF levels were correlated with BUN
(Spearman P value � 0.04). However, the median BUN
was 13 mg/dL (range, 3– 64; standard deviation, 8.6),
whereas the median of creatinine was 0.9 mg/dL
(range, 0.4 – 4.6; standard deviation, 0.4). This suggests
that most patients had normal renal function, and
VEGF levels were not affected significantly by renal
function in our patients. We used plasma rather than
serum for analysis due to the reported influence of
platelets on VEGF and bFGF levels during clotting and
release of these factors from platelets.39 All plasma
samples were collected after centrifugation at �1500 g
for 10 minutes to assure the collection of platelet-poor
plasma.

Clinical Relevance of VEGF and bFGF Overexpression in
Patients with MDS and AML
The median follow-up of patients with AML and pa-
tients with MDS patients was 41 weeks and 33 weeks,
respectively. Figure 2 shows that high levels of VEGF
were associated with shorter survival in patients with
AML (P � 0.02) and with lower CR rates (P � 0.004)
but not in patients with MDS. We found similar results
with regard to EFS (P � 0.03) VEGF levels were not
correlated with the duration of CR in either patients
with AML or patients with MDS. Various prognostic
characteristics of the patients studied are listed in
Table 3. Overall, patients with higher levels of VEGF
had lower platelet counts and worse performance sta-
tus. Levels of VEGF were independent of cytogenetics
or age. Plasma bFGF levels, although they were corre-
lated with platelet counts and with antecedent hema-
tologic disease, were not correlated between plasma
bFGF levels and CR rates, duration of CR, or EFS.

DISCUSSION
Hussong et al. recently documented significantly in-
creased angiogenesis in bone marrows from patients
with AML.40 Using reverse transcriptase polymerase
chain reaction (PCR) analysis, those authors showed

FIGURE 1. (A) Comparison of vascular endothelial growth factor (VEGF) levels

among patients with acute myeloid leukemia (AML), patients with myelodys-

plastic syndromes (MDS), and a group of normal control individuals. (B)

Comparison of basic fibroblast growth factor (bFGF) levels among patients with

AML, patients with MDS, and a group of normal control participants.
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that four of four freshly isolated AML cells from un-
treated patients expressed mRNA for VEGF, whereas
bFGF mRNA was expressed in three of four fresh AML
samples. That report mirrors data presented by Padro
et al. and Kuzu et al. at the 1999 American Society of

Hematology meeting. Those authors not only docu-
mented increased angiogenesis at the time of diagno-
sis in patients with AML but also showed an early
reduction in vessel density in responding patients and
normalization of bone marrow microvessel density at
the time of CR.41,42 These data suggest that reversal of
prior leukemia-associated angiogenesis is associated
with CR and that antiangiogenic therapy may be of
therapeutic value in patients with leukemia. To de-
velop such therapy, the factors involved in angiogen-
esis in leukemia need to be defined.

VEGF is a heparin-binding growth factor that is
specific for vascular endothelial cells and is capable of
inducing angiogenesis in vivo.2,43 In the current study,
we demonstrated that VEGF and bFGF both are in-
creased in the plasma of previously untreated patients
with AML or MDS. It has been postulated by Fiedler et
al.44 that VEGF is a possible paracrine growth factor in
human AML. Supernatants of fresh leukemic cells
from 24 patients with AML contained significantly
more VEGF compared with supernatants from 9 nor-
mal bone marrow donors or CD34-enriched cells from
3 normal volunteer donors, as determined by an en-
zyme-linked immunosorbent assay. VEGF has two
high-affinity receptors, Flk-1 (KDR) and Flt-1.42,44 Us-
ing a nested PCR assay, Fiedler et al. detected expres-
sion of Flt1 in 13 of 25 patients with AML: Flk1 was
expressed in 5 of 26 patients with AML.45

We recently reported that intracellular levels of
VEGF in blasts from patients with AML are a major
independent prognostic factor.34 There was a relation
between increasing blast VEGF levels and shorter
overall survival as well as shorter disease free survival
(DFS), both from the start of treatment and from the
time of CR. There was no relation between VEGF level
and WBC count, blast count, age, cytogenetics, perfor-
mance status, or presence of an antecedent hemato-
logic disorder; and multivariate analysis indicated that
VEGF still was prognostic for the above outcomes after
accounting for these factors and treatment. These data
suggest that the cellular VEGF level is an independent
predictor of outcome in patients with AML. VEGF
alone may not be involved in angiogenesis in AML, but
it may have an impact on the effectiveness of some
therapies. Katoh et al. reported that VEGF suppressed
apoptotic cell death of both CMK86 (a leukemia cell
line) cells and normal hematopoietic stem cells
caused by �-ray irradiation, although mitogenic activ-
ity of VEGF was not detected.43 The ability of VEGF to
suppress apoptotic cell death was independent of the
change of cell cycle distribution. Those authors
showed, subsequently, that VEGF inhibited apoptotic
death in hematopoietic cells after exposure to chemo-
therapeutic drugs by inducing MCL1, which acts as an

FIGURE 2. Kaplan–Meier curves showing that higher vascular endothelial

growth factor (VEGF) levels were correlated with shorter survival in patients

with acute myeloid leukemia (AML) (A) but not in patients with myelodysplastic

syndromes (MDS) (B). bFGF: basic fibroblast growth factor.

TABLE 3
Prediction of Survival as Determined by Various Patient
Characteristics

Variable

P value for the prediction
of survival

AML MDS

Age 0.0001 0.19
Performance status 0.02 0.34
Treatment in protected environment 0.03 0.27
Poor cytogenetics (�5, �7, �8) 0.05 0.08
VEGF 0.02 NS
bFGF NS NS

AML: acute myeloid leukemia; MDS: myelodysplastic syndromes; VEGF: vascular endothelial growth

factor; NS: not significant; bFGF: basic fibroblast growth factor.

VEGF and bFGF in AML and MDS/Aguayo et al. 1927



antiapoptotic factor.46 Thus, VEGF appears to be an
important molecule in the pathophysiology of AML
and is a good candidate against which to target novel
therapies.

Reduction of VEGF levels with neutralizing anti-
bodies inhibits the growth of human rhabdomyosar-
coma, glioblastoma multiforme, and leiomyosarcoma
in nude mice and inhibits the growth of fibrosarcoma
in BALBc/nude mice.47,48 Flk-1 receptors, which lack
the intracellular kinase domain, block the activation of
the endogenous Flk-1 receptor activity in cultured
cells and inhibit the growth of tumors implanted sub-
cutaneously into nude mice.49,50 Taken together, these
results provide strong evidence for a critical role of
VEGF signaling through Flk-1 in angiogenesis in tu-
mor growth and suggest that an inhibitor of Flk-1 may
have therapeutic benefit in patients with malignant
tumors. SU5416 is a potent and selective inhibitor of
the tyrosine kinase activity of Flk-1.51 We currently are
conducting a pilot study of SU5416 in patients with
refractory AML.

In the current study, although the levels of VEGF
were correlated with the levels of bFGF (Spearman
correlation � 0.3; P � 0.003), only VEGF levels were
correlated with outcome in patients with AML. Nei-
ther bFGF nor VEGF plasma levels appeared to corre-
late with outcome in patients with MDS. This suggests
that, although increased vascularity is present in the
bone marrow of untreated patients with both AML
and MDS,39 individual angiogenic factors may have
distinct roles in AML and MDS. Our preliminary data
show no correlation between the levels of VEGF or
bFGF and blood vessel density in bone marrow (our
unpublished results). Differential expression of angio-
genic factor receptors may mediate such differing
roles, even in the presence of elevated ligand levels.
The relative patterns of Flk-1 and Flt-1 expression in
AML and MDS warrant study.

All of our patients with MDS had either refractory
anemia with excess blasts (RAEB) or RAEB in transfor-
mation (RAEBT). We have shown repeatedly that there
is no difference in response to a variety of chemother-
apeutic regimens between patients with AML, RAEB,
or RAEBT when karyotype, rather than diagnosis ac-
cording to the French–American–British system, is
used to determine assignment to therapy.52–58 How-
ever, all such therapies have involved traditional cyto-
toxic agents alone or with recombinant growth factors.
In view of possible distinctions between AML and
MDS in terms of how increased bone marrow angio-
genesis is mediated, we suggest that these entities may
be regarded as distinct in the design and conduct of
studies involving antiangiogenic agents.

We did not find any prognostic significance for the

elevated plasma bFGF levels found in either of our
cohorts of patients with AML and patients with MDS.
Similarly negative data have been generated by Smith
et al. on bFGF tissue levels in patients with breast
carcinoma, leading those authors to postulate that
bFGF, in fact, may synergize with other growth factors
like VEGF to enhance angiogenesis.59 However, a high
pretreatment serum bFGF level concentration is a
powerful independent predictor of poor prognosis in
patients with NHL.36 Our data suggest that bFGF may
present a less attractive therapeutic target compared
with VEGF in patients with AML or MDS, although
further studies are warranted in a larger cohort of
patients with MDS who do not have RAEB or RAEBT.
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