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Infantile hemangiomas (IH) represent the most 
common type of benign tumors of infancy 
with an estimated prevalence of 1-10%.1 An 
impaired balance between proangiogenic and 
antiangiogenic factors in a background of 
hypoxia has been implicated in the pathogenesis 
of IH.2,3 Numerous stimulants and inhibitors 
have been discovered in humans; vascular 
endothelial growth factor (VEGF) and basic 

fibroblastic growth factor (bFGF) appear to be 
essential for vasculogenesis and angiogenesis.4 
Although bFGF acts synergistically with 
VEGF, variable results have been reported in 
studies regarding serum bFGF levels in IH.5,6 
Propranolol being a nonselective beta-blocker 
has become the first choice of therapy for IH.7-9 
The mechanism of action of propranolol on IH 
remains elusive.6 

In this prospective study, we aimed to investigate 
the relationship between serum VEGF and 
bFGF levels and clinical characteristics as well 
as the serological changes in VEGF and bFGF 
levels associated with propranolol treatment in 
infants with IH.
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ABSTRACT

Background. Infantile hemangiomas (IH) represent the most common type of benign tumors of infancy. 
Vascular endothelial growth factor (VEGF) and basic fibroblastic growth factor (bFGF) have a central role in the 
pathogenesis of infantile hemangiomas.

Methods. In this prospective study, we aimed to investigate the relationship between serum VEGF and 
bFGF levels and clinical characteristics and the serological changes in VEGF and bFGF levels associated with 
propranolol treatment in infants diagnosed with IH. Blood samples were taken from 34 patients with IH and 10 
controls. Serum VEGF and bFGF levels were studied by ELISA.

Results. At initial diagnosis, median serum bFGF levels were 11.1 ng/ml (4.8-16.6) in patients with IH (n=34) 
and 2.6 ng/ml (1.7-4.7) in controls (p <0.001), and, median serum VEGF levels for same groups were 58.5 ng/ml 
(25.3-190.2) and 11.4 ng/ml (8.2-19.8) (p <0.001), respectively. Serum VEGF and bFGF levels were not correlated. 
In 18 infants who were treated with propranolol with serial measurements, median serum bFGF levels were 
10.7 ng/ml, 9.8 ng/ml and 10.5 ng/ml (p= 0.8), and median serum VEGF levels were 68.6 ng/ml, 63.5 ng/ml and 
45.1 ng/ml (p <0.001) at initial diagnosis, at first and third months, respectively. Median regression rates of the 
hemangiomas at the first and third months were -%47.3 and -%58.3 (p <0.001), respectively.

Conclusions. Serum bFGF levels didn’t change in time. Serum VEGF levels seemed to follow the natural course 
of IH and might be a marker for follow-up. The contribution of propranolol treatment should also be considered.
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Material and Methods

Between September 2013 and September 2014, 
34 newly diagnosed cases of IH and 10 age-
matched healthy controls were enrolled in the 
study. All patients had cutaneous hemangiomas 
at proliferation phase and none had received 
any previous treatment or underwent any 
local interventions for the hemangiomas. 
Proliferation phase of IH was defined as rapid 
growth during the first 6 months of life.2 This 
growing may continue until 12 months. 

This study was approved by the Non-
interventional Clinical Research Ethics Board 
of Hacettepe University (GO 13/431). All the 
parents gave written informed consent for the 
study.

Physical examination findings were normal 
except for the cutaneous hemangiomas and 
routine laboratory tests were within normal 
limits for all cases. Twenty-two of 34 cases were 
followed regularly, 18 were administered oral 
propranolol treatment and 4 were followed with 
no treatment. All the hemangioma lesions were 
evaluated visually and the lesion sizes were 
measured by two researchers independently.

Peripheral venous blood samples of 34 cases 
were collected at the time of initial diagnosis. 
Additional blood samples were collected at 
the first and third months after diagnosis in 
22/34 cases whom were followed-up regularly. 
Single peripheral venous blood samples 
were collected from the children in the age- 
and sex-matched control group. The serum 
samples obtained after centrifugation were 
stored at -20°C until analysis. The remaining 
12 patients were followed without treatment. 
Treatment indications for our cases were in 
accordance with the recommendations derived 
from the relevant medical literature such as 
life threatening complications, functional 
impairment or ulceration.7

Eighteen infants who received propranolol 
treatment had routine hematological 
examinations, hepatic and renal function 
tests and also, electrocardiogram and 

echocardiography to rule out any cardiac disease 
before treatment. They were hospitalized for 
two days and propranolol was administered 
initially at a dose of 0.5 mg/kg orally and the 
dose was increased to 2 mg/kg gradually in two 
days under monitoring. 

All frozen serum samples were thawed to room 
temperature and analyzed for VEGF and bFGF 
serum levels using a quantitative enzyme-
linked immunosorbent assay (ELISA) method 
using human VEGF/bFGF 96 ELISA kits 
according to the manufacturer’s instructions 
(Molecular Devices, England). Standard curves 
were created. The units of measurement for 
serum VEGF and bFGF were pg/ml.

The relationship between serum VEGF and 
bFGF levels and clinical course of the IH in the 
follow up were analyzed for 18 infants treated 
with propranolol. Clinical course and response 
to treatment of hemangiomas were assessed 
clinically and pictures were taken periodically. 
Two investigators independently evaluated 
the changes in the hemangiomas visually and 
also the sizes were measured in two maximal 
dimensions perpendicular to each other in cm. 
Multiplication of 2 dimensions was calculated 
and their averages were recorded.

For each case, the follow-up percent changes 
were assessed both visually and by measurement 
by both researchers (designated as a) and the 
follow-up percent changes in the lesion sizes 
measured as described above (designated as 
b) were calculated. For evaluation of response 
of hemangiomas, patients were grouped 
according to the degree of treatment response 
in percentages [(a + b)/2] as follows: group 1 for 
<30% improvement or poor response, group 2 
as 30% to <70% improvement or good response 
and group 3 as >70% improvement or excellent 
response. The response evaluation methodology 
was based on the system defined by Achauer et 
al.10 with modifications.

Statistical analysis

In the statistical analyses, the mean values in 
the subgroups were compared using t-test, 
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and the median values between unrelated 
pairs of variables were compared using the 
Mann-Whitney U test or Kruskal-Wallis tests. 
Correlations between sets of data was analyzed 
with the Pearson test and linear regression 
analysis. The median percent of regression 
rates of the hemangiomas and median values of 
serum VEGF and bFGF at different time points 
were compared using the Friedman test. In 
every instance, a p-value < 0.05 was considered 
statistically significant. 

Results

Thirty-four patients with IH and 10 healthy 
controls were included in the study. Median 
age of 34 patients with IH (Female/Male, 29/5) 
was 5.5 months (0.8-37 months) and that of 
the control group (Female/Male, 5/5) was 4.9 
months (2.1-23 months). Twenty patients were 
younger than 6 months (58%) and 31 (91%) 
patients were younger than 1 year. Twenty-four 
(70%) patients had single cutaneous IH, 8 had 
two lesions and the remaining two had 3 lesions 
(total 46 lesions in 34 patients). The localizations 
of lesions were as follows: 36 (78%) in the head 
and neck, 7 (15%) on the trunk and remaining 
3 on the extremities. The greatest diameter of 
the hemangioma lesions ranged between 1 and 

8 cm (median 3 cm) and the total lesion sizes 
(multiplication of 2 diameters) ranged between 
1 – 25 cm2 (median 6 cm2); 62% of the lesions 
were >4 cm2. 

At the time of initial diagnosis; median serum 
VEGF levels were 58.5 ng/ml (25.3-190.2) in 
34 IH patients and 11.4 ng/ml (8.2-19.8) in 
the control group (p < 0.001); median serum 
bFGF levels were 11.1 ng/ml (4.8-16.6) in 34 IH 
patients and 2.6 ng/ml (1.7-4.7) in the control 
group. Initial serum VEGF and bFGF levels 
were not correlated but both were significantly 
higher in IH cases than controls (p <0.001). 
There were no significant differences in serum 
levels of VEGF and bFGF between patients 
younger than 6 months (n= 20) and older than 
6 months (n= 14), and also between males and 
females. No correlation was found between 
total tumor size and serum levels of bFGF or 
VEGF. Median regression rates by appearance 
and size after 1 and 3 months were -47.3% and 
-58.3% (p <0.001), respectively. 

In 18 infants treated with propranolol, there 
were no major treatment-related adverse 
effects. Efficacy for propranolol treatment was 
evaluated as follows: excellent response in 5 
patients (27%), good response in 11 patients 
(61%) and poor response in 2 (11%) patients. 

Fig. 1 a-b. Serial serum VEGF levels in 14 infantile hemangioma cases who were treated with propranolol and 
had serial measurements.
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The total response rate was 89%. No infants 
were withdrawn from treatment because of 
side effects. Follow up analysis was performed 
for 18 cases who received propranolol and had 
serial measurements at three-time points. In 
those 18 infants, at initial diagnosis, the first 
and third months median serum levels of bFGF 
were 11.1 ng/ml, 9.8 ng/ml and 10.5 ng/ml (p= 
0.8) and median serum levels of VEGF were 
68.6 ng/ml, 63.5 ng/ml and 45.1 ng/ml (p <0.001), 
respectively (Figs. 1 and 2). Both VEGF and 
bFGF were significantly higher than the control 
group at all the time points. The decrease in 
serum VEGF levels was most significant in the 
third month of follow-up. 

Discussion

Both VEGF and bFGF are important 
proangiogenic growth factors that can 
stimulate both endothelial cell proliferation and 
differentiation and promote vasculogenesis.11 
Excessive expression of VEGF and bFGF in 
hemangioma tissue has been confirmed in 
various studies, which parallels the proliferating 
phase of hemangioma growth.5,12-14 Although 
increased serum levels of VEGF in infants with 
IH compared to vascular malformations and 

healthy controls have been documented in many 
studies13,15-20, data examining the role of serum 
bFGF in IH were reported much less.5,6,13,21-23 
Przewratil et al.5,13 reported that serum bFGF 
levels were not elevated in patients with 
hemangiomas but were high locally around the 
lesion and they hypothesized that bFGF has a 
strong local activity and serum levels may not 
reflect its activity in tissues.

In our study, almost all of the hemangioma 
lesions were in the proliferation phase because 
31 (91%) patients were younger than 1 year. Our 
patients had significantly elevated serum VEGF 
and bFGF levels at the initial presentation 
compared with the control group which 
supports the hypothesis of increased activity 
of these cytokines. The results for elevated 
serum VEGF levels are parallel many similar 
studies.13,15-20 On the other hand, elevated serum 
bFGF levels contradict with that of Przewratil et 
al.5,13 but are comparable to findings reported in 
more recent studies.6,20,22 In agreement with our 
findings for bFGF, elevated levels of bFGF were 
also found in the urine of patients with IH.16,23

Currently, oral propranolol is the preferred 
first-line treatment for IH and response rates to 
treatment with propranolol are high, ranging 

Fig. 2 a-b. Serial serum bFGF levels in 14 infantile hemangioma cases who were treated with propranolol and 
had serial measurements.
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from 80% to 100%. Based on case reports and 
series oral propranolol appears to have a 
favorable safety profile in children.24-26

Plasma VEGF levels significantly decreased in 
the following months after starting propranolol 
in our study. These results are consistent with 
the results in similar studies investigating the 
effects of propranolol on serum cytokines.6,17-19,22 
The decrease in serum VEGF levels was 
much more significant after 12 weeks of 
propranolol treatment. Chen et al.18 reported 
that very high serum VEGF levels decreased 
significantly after one month compared to 
three months of treatment with propranolol. 
In a recent study, Przewratil et al.27 found no 
significant decrease in serum VEGF levels after 
propranolol treatment. They stated that their 
results were difficult to explain and did not 
support the theory of antiangiogenic properties 
of propranolol. Depending on our results, we 
propose that the measurement of serum VEGF 
may be a useful tool for predicting the course 
of IH and monitoring the efficacy of treatment 
with propranolol especially for deep-seated 
lesions. 

The mechanisms of action of propranolol in IH 
remain unclear. Early effects of propranolol are 
proposed to be vasoconstriction, intermediate 
effects involve the inhibition of angiogenesis 
resulting from the blocking of proangiogenic 
cytokines such as VEGF and bFGF and long-
term effects are characterized by induction of 
apoptosis in IH endothelial cells which result 
in tumor regression.28,29 Léauté-Labréze and 
colleagues30 also postulated that propranolol 
may decrease expression of bFGF and VEGF. 

Wu et al.6 reported that serum concentrations of 
VEGF, bFGF, and MMP-9 decreased significantly 
in the treatment group 8 weeks after medication. 
They concluded that the mechanism underlying 
the effects of propranolol may be associated 
with the downregulation of VEGF, bFGF and 
MMP-9 expression. Also, Babiak-Choroszczak 
et al.22 reported a decrease in serum VEGF 
and bFGF levels in the course of propranolol 
treatment of IH. 

In hemangioma derived stem cells, Zhang et al.12 
showed that propranolol is capable of down-
regulating the expression of VEGF mRNA 
and decreasing VEGF protein levels. They also 
found that propranolol can downregulate the 
expression of bFGF, although not as pronounced 
as that observed for VEGF expression.12 

Our results did not confirm the effect of 
propranolol treatment on bFGF levels, since the 
expression of bFGF remained elevated during 
propranolol therapy in contrast to VEGF levels. 
This finding might indicate different effects of 
bFGF in the pathogenesis and course of IH. 

Initial serum VEGF and bFGF levels were 
not correlated in our study. Our results are 
consistent with a recent study by El Raggal 
et al.20 In our study, no correlation was found 
between the serum cytokine levels and patient 
ages. Our results are consistent with other 
reports confirming a lack of gender and age 
differences in serum VEGF and bFGF levels 
in IH.17,19 No such correlation was found in the 
control group as well.Another finding of this 
study was the lack of correlation between the 
serum VEGF and bFGF levels and the size of the 
lesions. 

Propranolol has revolutionized the treatment of 
IHs while the exact mechanism of action is poorly 
understood.7,8,26 Propranolol may be exerting its 
effect primarily through the inhibition of VEGF. 
Other mechanisms might also be dominant in 
inhibition of IH growth by propranolol beyond 
effects on bFGF. We may speculate that initially 
high serum bFGF levels may reflect the bFGF 
activity in IH pathogenesis, but may not be 
useful for monitoring the treatment response 
and effectiveness of propranolol during follow-
up. 

This study has some limitations. We studied 
only a small cohort of patients. Additionally, 
the study included limited measurement values 
as an objective outcome assessment. These 
findings require further study and a large 
cohort of patients and the control group.
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In conclusion, serum VEGF and bFGF levels 
were significantly elevated in IH. Serum bFGF 
levels didn’t change over time. The results 
of our study add significant information 
regarding serum levels of both VEGF and bFGF 
during propranolol treatment which may help 
predict the mechanism of action of propranolol. 
Measurement of VEGF may be a useful tool for 
predicting the course of IH and monitoring the 
efficacy of propranolol. 
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