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Abstract. The aim of this study was to observe the clinical 
efficacy and safety of propranolol in the treatment of heman-
gioma, and to reveal its possible mechanism. A total of 
129 cases of proliferative hemangioma were divided into two 
groups: i) Treatment (n=97), in which the patients received 
oral propranolol therapy and ii) observation (n=32), in which 
the patients underwent clinical observation. The changes in 
the hemangiomas were noted and compared between the two 
groups. In addition, the heart rate, blood glucose levels, liver, 
kidney and thyroid function of the patients in the treatment 
group were monitored prior to and following treatment; the 
ELISA method was used for the measurement of the patients' 
serum concentrations of vascular endothelial growth factor 
(VEGF), basic fibroblast growth factor (bFGF) and matrix 
metalloproteinase‑9 (MMP‑9) at the same time‑points. A 
significant difference in curative effect was found between 
the treatment and observation group. The concentration of 
free thyroxine and sensitive thyroid‑stimulating hormone 
and the heart rate of the treatment group exhibited significant 
changes prior to and following medication, but no statistical 
significance was found in the changes in blood glucose, liver 
and kidney function and free triiodothyronine concentration. 
Furthermore, the serum concentrations of VEGF, bFGF and 
MMP‑9 in the treatment group 8 weeks after medication were 
decreased significantly compared with those before treatment. 
In conclusion, oral propranolol has a good curative effect 
in the treatment of proliferative hemangioma, with few side 
effects and a high level of safety. The mechanism underlying 
the effects of propranolol may be associated with the down-
regulation of VEGF, bFGF and MMP-9 expression. 

Introduction

Hemangioma is one of the most common types of infantile 
benign tumor and is a congenital dysplasia that appears in the 
process of embryonic blood vessel formation. The incidence 
rate of all newborns is 1.1‑2.6% (1), and the condition, which 
usually occurs in the head and neck of infants, is more common 
in premature infants, particularly females. According to the 
biological characteristics of the endothelial cells in heman-
gioma and its clinical manifestations, the natural course of 
the condition can be divided into the proliferating, involuting 
and involuted phases (2,3). Hemangiomas at the proliferative 
stage exhibit rapid growth and may affect the normal develop-
ment of the body. The development of hemangioma in certain 
parts of the body may affect the appearance of the patient, 
have an impact on the normal function of body and even prove 
life‑threatening; therefore, such hemangiomas require aggres-
sive treatment promptly (4,5).

At present, with the improvement in living standards, 
noninvasive methods of treatment tend to be preferred by 
patients; therefore, drug treatments are commonly selected. 
Drug therapy includes topical drug therapy and oral medica-
tion. In 2008, Léauté‑Labrèze et al (6) found that the β‑receptor 
blocker propranolol was able to treat infantile hemangioma; 
with the exception of individual cases of low blood pressure, no 
serious adverse reactions were observed in the other children 
throughout the treatment course. Furthermore, clinical practice 
in recent years has shown that propranolol exerts a rapid, cura-
tive effect in the treatment of hemangioma, with few inter‑patient 
differences and adverse reactions; however, the underlying 
therapeutic mechanism is not clear. The aim of the present 
study, therefore, was to assess the clinical efficacy and safety 
of propranolol in the treatment of infantile hemangioma by 
monitoring clinical and biochemical parameters. Furthermore, 
the study aimed to investigate the mechanism underlying the 
effects of propranolol by measuring the serum expression levels 
of vascular endothelial growth factor (VEGF), basic fibro-
blast growth factor (bFGF) and matrix metalloproteinase‑9 
(MMP‑9) prior to and following medication.

Patients and methods

Patient inclusion. Between September 2009 and December 
2012, 129 patients with newly diagnosed cases of infantile 
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hemangioma (both in‑ and outpatients) were enrolled as the 
study subjects. For inclusion in the study, the patients had to 
be aged <1 year and exhibit the following characteristics of 
hemangioma onset: i) Mosquito bite‑ or pin‑like red spots at 
birth or 7‑10 days later or the appearance of patchy erythema 
at birth, with patchy expansion or subcutaneous soft masses; 
ii) a rapid tumor growth history; and iii) a strawberry or light 
blue tumor surface that fades or reduces in color when pressed. 
Patients with certain diseases, including sinus bradycardia, 
bronchial asthma, cardiogenic shock, heart block (type II‑III 
atrioventricular block) and severe or acute heart failure, were 
excluded from the study.

Grouping. The infants were assigned to either the treatment 
group or the observation group according to the approval of 
the family of each patient. The observation group comprised 
32 cases, including 11 male patients and 21 female patients. 
The patients were aged between 1  month, 10  days and 
10 months, with an average age of 105 days. The location of the 
hemangiomas was as follows: Head and neck, 13 cases; limbs, 
8 cases; trunk, 8 cases; and perineum, 3 cases. The treatment 
group comprised 97 cases, including 31 male patients and 
66 female patients, with ages ranging between 24 days and 
11 months, 2 days (average, 105 days). The patients' weights 
ranged between 3.8 and 10.0 kg, with an average body weight 
of 6.07 kg. The weight for observation group ranged between 
3.8 and 9.2 kg, with an average body weight of 6.30 kg. The 
location of the hemangiomas was as follows: Head and neck, 
59 cases; limbs, 14 cases; trunk, 12 cases; perineum, 5 cases; 
and multiple sites, 7 cases.

Data collection. The patients of the observation group were 
clinically followed‑up and generally reviewed once every 
2‑4 weeks, in order to measure the size of the tumor and 
observe the changes in color and tension.

The patients of the treatment group were admitted and the 
family of each patient was informed of the objectives of the 
oral propranolol treatment, as well as the safety and associated 
risks. Written consent was obtained prior to treatment. Once 
the relevant examinations had been performed to confirm that 
no contraindications to propranolol treatment existed, the treat-
ment was started at the dose of 1.5 mg/kg per day (Shijiazhuang 
Pharmaceutical Group Co., Ltd., Hebei, China). The propranolol 
was administered once a day in the form of a draught in the 
morning. During the treatment period, the heart rate of each 
patient was measured prior to and 1, 3 and 6 h after medication 
for a total of 3 days. In addition, the blood glucose levels prior 
to and 2 h after medication were monitored, again for a total of 
3 days. If the infants had exhibited no obvious abnormal reaction 
after 3 days, they were discharged from hospital to continue the 
medication until tumor regression was observed. During this 
period, the liver and renal function and the thyroid function were 
assessed 4 and 8 weeks after the start of medication, respec-
tively, the tumor size was measured and changes in the color and 
tension of the hemangioma were observed. Any changes in the 
mental status, appetite, stool appearance or weight of the patients 
during medication were additionally noted during the follow‑up.

Sample collection and testing. Following the provision of 
informed consent by the family members, the blood samples 

(2 ml, without anticoagulant) of 40 infants in the treatment 
group were collected prior to and 8 weeks after medication. 
The samples were placed in the test tube, kept static at room 
temperature for 30 min and then subjected to centrifugation 
at 658.44 x g to isolate the serum. The serum was placed into 
an Eppendorf (EP) tube and preserved at ‑80˚C for subsequent 
testing. Following the collection of the samples, the serum 
concentrations of VEGF, bFGF and MMP‑9 were detected 
using the ELISA method.

Experimental reagents and consumables. The standard 
equipment used in the study included a centrifuge, balance, 
EP tubes, freezer (‑80˚C), enzyme mark instrument (450 nm), 
high‑precision pipette and gun head, constant temperature 
box (37˚C), disposable tubes and absorbent paper. The human 
VEGF, bFGF and MMP‑9 ELISA kits were obtained from 
Beijing Dingguochangsheng Biotechnology Co., Ltd. (Beijing, 
China).

Clinical efficacy criteria. The grading criteria proposed 
by Achauer et al (7) were used to analyze the effect of the 
treatment/observation on the hemangiomas. The results were 
obtained after 8 weeks of treatment or observation. The four 
grades were as follows: Grade I (poor), reduction in tumor size 
of <25%; Grade II (medium), reduction in tumor size and skin 
lesion color of 26‑50%; Grade III (good), reduction in tumor 
size and skin lesion color of 51‑75%; Grade IV (excellent), 
reduction in tumor size and skin lesion color of >75% (disap-
pearance of the tumor and restoration or near‑restoration of 
the skin lesion color to that of normal skin). Grades II‑IV 
(medium, good and excellent) were considered to represent 
an effective response, while Grade I (poor) was an invalid 
response.

Statistical analysis. The data were analyzed using SPSS 17.0 
statistical software (SPSS, Inc., Chicago, IL, USA). Count data 
were compared using the χ2 test, and measurement data were 
compared using a paired‑samples t‑test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Clinical efficacy observation. In the treatment group, the 
longest period of propranolol administration was 1  year; 
however, for the convenience of the study and statistical 
analysis, the results were taken after 8 weeks of medication. 
Following treatment or observation for 8 weeks, the results 
showed the curative effect of the treatment group to be 
excellent in 27 cases (Fig. 1), good in 34 cases, medium in 
35 cases and poor in 1 case, with a total efficiency of 98.97%. 
By comparison, the curative effect of the observation group 
was excellent in 0 cases, good in 0 cases, medium in 10 cases 
and poor in 22 cases, with the total efficiency of 31.25%. The 
efficacy of the treatment group was significantly higher than 
that of the observation group (P<0.05) (Table I).

Changes in the serum concentrations of VEGF, bFGF and 
MMP‑9 prior to and following treatment. The serum concen-
trations of VEGF, bFGF and MMP‑9 in the children after 
8 weeks of therapy were decreased significantly compared 
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with those prior to treatment. The concentration changes were 
statistically significant (P<0.05) (Table II).

Changes in heart rate and biochemical parameters prior to 
and following treatment. During the 3 days of hospitalization, 
the heart rates of the patients in the treatment group before and 
1, 3 and 6 h after medication exhibited significant differences; 
however, the clinical observation revealed no bradycardia or 
other symptoms. In addition, the blood glucose levels and liver 
and renal function prior to and following medication exhibited 
no significant changes. With regard to the thyroid function, 
the comparison of the free triiodothyronine (FT3) levels prior 
to and following treatment did not show a significant differ-
ence, but the changes in the concentrations of free thyroxine 
(FT4) and sensitive thyroid‑stimulating hormone (sTSH) did 
have statistical significance: The serum concentration of FT4 
following medication was higher than that prior to medication, 
but mostly remained within the normal range, and the serum 
concentration of sTSH following medication was lower than 
that prior to medication, but again mostly remained within 
the normal range. No clinical symptoms developed during the 
medication period.

Side effects. During medication, infants of the treatment 
groups showed good spirits. Seven patients exhibited a slight 
loss of appetite, diarrhea and other symptoms, which required 
no special treatment and were self‑healing, and no other 
adverse reactions were observed.

Discussion

Hemangiomas are a type of common, benign tumor associated 
with the abnormal proliferation of vascular endothelial cells. 
Hemangiomas are caused by uncontrolled vascular generation 
or an imbalance of angiogenic cytokines and angiogenesis 
inhibitors. VEGF, bFGF and MMP‑9 play an important role 
in the formation of hemangiomas (4,8‑10): VEGF is a type 
of glycosylated secreted polypeptide factor that can induce 
endothelial cell proliferation and migration, enhance the 
permeability of blood vessels and promote the growth of new 
vessels and stromal cells (8,11); bFGF is a type of strong endo-
thelial cell and wall connective tissue growth factor, which can 
promote the migration of endothelial cells into the extracellular 
matrix to form capillary tissues and induce the secretion of 
VEGF (11); MMPs are a class of zinc and calcium‑dependent 

Table II. Changes in the serum concentrations of VEGF, bFGF and MMP‑9 in the treatment group before and 8 weeks after 
medication.

Protein	 Before medication	 8 weeks after medication
 
VEGF (pg/ml) 	 264.1825±15.32993	 142.6950±18.83824a

bFGF (pg/ml) 	 59.4100±4.02030	 38.8450±5.83790a

MMP‑9 (ng/ml) 	 411.2080±28.35919	 279.9350±29.79854a

 
aP<0.05 vs. before medication. VEGF, vascular endothelial growth factor; bFGF, basic fibroblast growth factor; MMP‑9, matrix metallopro-
teinase‑9.

Table I. Comparison of the curative effects between the treatment group and the observation group.
 
Group	 Total cases (n)	 Excellent (n)	 Good (n)	 Medium (n)	 Poor (n)	 Total efficacy (%)
 
Treatment	 97	 27	 34	 35	  1	  98.97a  
Observation	 32	   0	   0	 10	 22	 31.25 
 
aP<0.05 vs. the observation group.

Figure 1. Changes in hemangiomas before and 8 weeks after propranolol treatment. (A and C) Before medication; (B and D) 8 weeks after medication.

  A   B   C   D
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extracellular proteolytic enzymes, which not only can promote 
the release of the angiogenic factors VEGF and bFGF to induce 
angiogenesis, but also can degrade the extracellular matrix and 
promote the migration of endothelial cells and the formation 
of the tube structure (4).

The association between serum VEGF concentration and 
endothelial cell proliferation in hemangioma has been demon-
strated previously (8,9), with the serum VEGF concentration 
of proliferative hemangiomas found to be significantly higher 
than that of involuting hemangiomas, vascular malformation 
and the normal control group. In the present study, the serum 
concentrations of VEGF, bFGF and MMP‑9 8 weeks after 
medication were significantly reduced compared with those 
prior to treatment, and the results of this study were consistent 
with those of previous studies  (4,10). The reduction in the 
concentration of these three proteins is associated with the 
termination or regression of the growth of the hemangioma, 
which indicates that one of the mechanisms of propranolol in 
the treatment of proliferative hemangiomas may involve the 
downregulation of VEGF, bFGF and MMP‑9; however, the 
exact mechanism remains to be elucidated. It has previously 
been found that VEGF expression is regulated by the extracel-
lular signal‑regulated kinase (ERK)/mitogen‑activated protein 
kinase (MAPK) pathway (12), and protein kinase A (PKA) is a 
type of cyclic adenosine‑3',5'‑monophosphate (cAMP)‑depen-
dent protein kinase (13) that can promote VEGF secretion 
through the activation of the ERK/MAPK pathway. cAMP 
is the product of ATP following the action of cell adenylate 
cyclase, which is the earliest determined intracellular second 
messenger. cAMP is involved in a variety of the metabolic 
processes of the body enzymes, which can not only regulate the 
division, differentiation and development of cells, but also can 
regulate the expression of genes and promote the transcription 
of mRNA (14). cAMP can activate cAMP‑dependent PKA, and 
PKA enables intracellular protein phosphorylation, regulating 
the activity of the proteins and promoting their reactions; 
thus, a model of a cAMP/PKA signal transduction pathway 
is formed. A previous study (5) suggested that, through the 
inhibition of the cAMP/PKA signaling pathway on the activa-
tion of the ERK/MAPK signaling pathway, propranolol could 
inhibit the secretion of VEGF in proliferative hemangioma. In 
a different study (15), it was suggested that, by downregulating 
the expression of the Raf/MAPK pathway, propranolol could 
decrease the expression of VEGF and bFGF in the late period 
of hemangioma treatment, so as to promote the further regres-
sion of the hemangioma; however, further study is required to 
confirm these theories.

The results of the present study revealed a significant differ-
ence between the curative effect of the treatment group and 
that of the observation group, which confirmed the validity of 
propranolol in the treatment of proliferative hemangioma. The 
comparison of the heart rate of 97 infants with hemangioma 
prior to propranolol treatment and 1, 3 and 6 h after medication 
also revealed statistically significant differences; however, no 
bradycardia or other symptoms were observed. No significant 
changes were found between the blood glucose levels, and 
liver and renal function prior to and following medication; 
with regard to the thyroid function, the concentration of FT3 
exhibited no significant changes prior to and following treat-
ment, but the changes in the concentrations of FT4 and sTSH 

were significant. We consider that oral propranolol does not 
affect the secretion of thyroid hormones, but can inhibit the 
conversion of T4 into T3 in peripheral tissues, resulting in 
an increase in the serum concentration of FT4 following oral 
propranolol administration. Furthermore, with the increase in 
the concentration of FT4, the negative feedback from serum 
FT4 can inhibit the secretion of sTSH, leading to a decrease in 
the sTSH concentration. Despite the observed changes in this 
study, however, the concentrations of FT4 and sTSH following 
medication remained within the normal range, and the chil-
dren did not exhibit any clinical symptoms. 

During medication, a few children in the present study 
exhibited loss of appetite, diarrhea, slow weight gain and 
certain other phenomena, but these conditions all alleviated 
spontaneously, without apparent adverse reactions, such as 
severe hypoglycemia, hypotension or bradycardia. This indi-
cates that propranolol is highly safe; however, the long‑term 
effect of the drug is not clear, and a long‑term follow‑up is 
required. In addition, there is no uniform standard regarding 
when to terminate propranolol administration in the treat-
ment of hemangioma, and there have been numerous reports 
of propranolol withdrawal leading to the recurrence of the 
hemangioma (16‑19), which necessitated the renewal of the 
medication administration. An associated study (20) showed 
that the changes in hemangioma tend to be larger in the first 
5  months of treatment and that further treatment effects 
are less obvious. Zhao et al (10) found that propranolol has 
no significant effect on involuting hemangiomas; however, 
the experience of the author led to the recommendation that 
the administration of propranolol should be slowly stopped 
following the subsidence of the hemangioma, as this can 
reduce the vascular tumor recurrence rate. Combining the 
results of this study and the relevant literature, we suggest that 
propranolol is a safe and effective option for the treatment of 
infantile hemangioma and should be considered as a first‑line 
therapy.

Current clinic practice mainly involves the use of oral 
propranolol tablets for treatment; however, the tablet dose is 
not easy to control and the tablets are not easy for infants 
to take. Furthermore, since the gastrointestinal tract absorbs 
propranolol for liver metabolism and the renal excretion 
process, the drug exhibits low bioavailability and can easily 
interact with other medications. In addition, propranolol has 
a short half‑life, and large fluctuations in the blood drug 
concentration can be observed  (21). We therefore suggest 
that propranolol should be made into an injection or external 
preparation for local endovascular aneurysm injection or 
local surface use, which would not only lead to a high local 
concentration, but also to a reduction in the systemic adverse 
reactions.

The occurrence and development of numerous types of 
cancer, in addition to hemangioma, are closely associated 
with angiogenesis  (22). Inflammatory factors and hypoxia 
can induce the expression of VEGF, and the combination of 
VEGF and the VEGF receptor 1/2/3 can activate the phos-
phoinositide 3‑kinase/Akt, p38MAPK and FAK signaling 
pathway (22). The use of VEGF and its receptor as a target is 
an area of particular focus in the development of anticancer 
drugs, and further studies are required to determine whether 
propranolol can be developed as an adjuvant cancer treatment. 
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In conclusion, oral propranolol has a good curative effect 
in the treatment of proliferative hemangioma, with few side 
effects and a high level of safety. The mechanism underlying 
the effects of propranolol may be associated with the down-
regulation of VEGF, bFGF and MMP‑9 expression.
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