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Abstract. Infantile hemangioma (IH) is a common disease,
and drug therapy is the most common treatment method.
Clinically, steroids have long been used as first-line drugs, but
in recent years, some doctors have begun to use propranolol
to treat infantile hemangiomas (IHs). The present study
performed a meta-analysis to evaluate the clinical effects of
propranolol in comparison with steroids in the treatment of
infantile hemangiomas. A detailed review of the literature
on PubMed, Cochrane Library, Embase and Web of Science
was performed prior to March 31, 2020. All literatures
were compared with the clinical effects of propranolol and
steroids in the treatment of infantile hemangiomas. A total of
tworesearchers independently screened the literature according
to the selection criteria, extracted data and assessed the risk of
bias for the included studies. Review Manager 5.3 was used to
meta-analyze all the included studies. According to the selec-
tion criteria, nine articles were included in the present study.
The meta-analysis revealed that the effective rate of propranolol
was greater than that of steroids in treating infantile heman-
giomas [odds ratio (OR), 3.96, 95% confidence interval (CI),
2.47-6.37; P<0.00001]. Additionally, propranolol had fewer
complications than steroids (OR, 0.21; 95% CI, 0.12-0.36;
P<0.00001). The recurrence rate of the two groups was not
statistically different (OR, 1.83; 95% CI, 0.59-5.70; P=0.3)
and the surgical resection rate of propranolol was lower than
steroids (OR, 0.19; 95% CI, 0.08-0.46; P=0.0002). The present
study demonstrated that propranolol is more effective than
steroids for the treatment of IHs, and provides a theoretical
basis for the clinical use of propranolol as an alternative to
steroids.
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Introduction

Infantile hemangiomas (IHs) are a common type of vascular
tumor (1), with an incidence rate ranging from 0.2-10.0% (2).
IHs often occur in the face and neck, and grow rapidly in the
first 3-12 months of life, and spontaneously subside at the age
of 3-7 years (3). However, in the course of its development,
15% of children will experience complications that affect
their appearance and physiological functions, which can be
life-threatening, such as permanent deformities, visual and
auditory impairment, local tissue ulcers, bleeding, infection,
airway damage (4-6). For untreated hemangiomas, the color
and texture of the tumor location is often different from the
normal skin after regression, and the majority of children
still require surgical repair in adulthood (7). Therefore, active
treatment of IHs is necessary, and the sooner the treatment, the
better the effect, which can minimize the incidence of compli-
cations (8), and also decrease the physical and psychological
damage to children and their parents.

In recent years, as the treatment continues to opti-
mize (9), a variety of methods including drug, laser (10)
and surgical excision (11) have emerged. However, laser
and surgical excision have ulcers, scars, permanent
pigmentation and anesthesia risks (12,13), so drug therapy
becomes particularly important due to it being less invasive,
convenient and economical. Such drugs mainly include
vincristine (14), bleomycin (15), interferon (16), steroids (17),
propranolol (18). Vincristine is primarily used in patients
with life-threatening diseases, or when they have received
treatment with other drugs that have proved ineffective (19).
Bleomycin was first used in the treatment of cystic lymphan-
gioma in 1977 (20); interferon causes lower limb disability
in infants (21). Aforementioned drugs cannot be used as
a routine treatment method for IHs. Steroids have been
recognized as a first-line drug used for IHs in the past, but
there are adverse reactions such as Cushing's syndrome and
developmental retardation, which cause irreversible damage
to the growth and development of children (22). Therefore,
it is particularly important to find a new drug with low side
effects and high efficiency.

In 2008, propranolol was first discovered in infantile
hemangioma (IH) treatment by Léauté-Labreze er al (23)
when they treated a child with nasal hemangioma and
hypertrophic cardiomyopathy, they accidentally found that
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propranolol could relieve the symptoms of hemangioma.
They then switched to propranolol for children who did not
respond to steroids and achieved good clinical results. Since
then, some clinical studies have shown that propranolol
also has a certain level of efficacy and safety (24,25). The
purpose of the present meta-analysis was to compare the
clinical efficacy of propranolol and steroids in the treatment
of IHs.

Materials and methods

Data sources and searches. PubMed, Cochrane Library,
Embase and Web of Science databases were searched before
date March 31, 2020. The key words used as search terms
included ‘infantile hemangiomas’, ‘propranolol’, ‘steroids’,
‘steroids’ and ‘prednisolone’.

Selection criteria. The selection criteria included:
i) Published English literature on randomized controlled
trials, case-control trials and retrospective studies of
propranolol vs. steroids in the treatment of IHs; ii) infants
diagnosed with IHs, where hemangioma were located on
the body surface, they were <6 years of age (26), had no
other underlying diseases, had received no other treatment
or medication history, and had no limit on race, sex, single
or multiple tumors; iii) the following outcome indicators
included the number of effective cases, recurrent cases,
adverse reactions and surgical resections following drug
treatment. Effectiveness is based on the Visual Analogue
Scale (VAS) to evaluate color and size: Grade I, poor response
(0-25% regression); Grade 11, fair response (26-50% regres-
sion); Grade III, good response (51-75% regression); and
Grade 1V, excellent response (76-100% regression), and
75% was considered effective (25). The recurrence rate refers
to the growth rebound at the time of dose reduction or treat-
ment termination during follow-up.

Literature screening and data extraction. There were two
researchers that independently conducted literature screening
and data extraction, screened out the literature that did not
meet the selection criteria, obtained the full text of the included
literature, and after cross-checking, handed over the divergent
documents to the third researcher for assistance and decision.
Data extraction included author, year of publication, type of
study, average age, sex, location of hemangiomas, treatment
time, and dose.

Quality assessment. The quality evaluation was conducted by
means of methodological index for non-randomized studies
(MINORS), with a total of 12 criteria: i) A clearly stated
aim; ii) Inclusion of consecutive patients; iiii) Prospective
collection of data; iv) Endpoints appropriate to the aim of
the study; v) Unbiased assessment of the study endpoint;
vi) Follow-up period appropriate to the aim of the study;
vii) Loss to follow up less than 5%; viii) Prospective calcu-
lation of the study size; ix) An adequate control group;
x) Contemporary groups; xi) Baseline equivalence of
groups; xii) Adequate statistical analyses. Each of which
received a score of 0-2. A score of 0 meant that no report
had been made; a score of 1 meant that information was

reported but insufficient; and a score of 2 meant that suffi-
cient information was reported and provided (27).

Statistical analysis. A meta-analysis was performed on the
extracted data with Review Manager 5.3. Chi? and df are quali-
tative tests for heterogeneity. When the P-value of df <0.05,
it means that the test for heterogeneity is meaningful. I? is a
quantitative test for heterogeneity, if 1°’<50%, it meant that the
heterogeneity was acceptable, then the fixed effects model
was used for meta-analysis, if I*=50%, the factors leading to
heterogeneity were analyzed in subgroups. If heterogeneity
existed but had no obvious clinical significance, then the
random effects model was selected. The odds ratio (OR) and
95% confidence interval (CI) were used to analyze and count
the curative effect indexes. Z represents statistical results, and
the P-value of Z is <0.05, indicating that the combined results
are statistically significant.

Results

Literature search and data extraction. A total of 641 articles
were obtained after the preliminary retrieval, including
the Cochrane Library (n=8), Embase (n=116), PubMed
(n=321) and Web of Science (n=196), and two researchers
included 28 articles after reading the titles and abstracts. A
total of nine of studies were finally included after full-text
evaluations of all, including 221 cases of propranolol and
201 cases of steroids (Fig. 1). The full details were extracted
(Tables I and II).

Study quality assessment and publication bias evaluation.
According to the scoring criteria, 3 studies with scores >20 were
classified as high quality, 5 studies between 17 and 20 were
classified as medium quality, and 1 study <17 was classified as
low quality (Table III).

In terms of publication bias, the OR value of effectiveness
was used as the abscissa and the reciprocal of OR value as
the ordinate to draw a funnel diagram. The funnel chart had
a symmetrical inverted funnel shape, indicating that the risk
of publication bias of the included studies in the present study
was small (Fig. 2).

Results of effectiveness. A total of 9 studies were included the
present study, including 230 cases of propranolol and 209 cases
of steroid. There was no statistically significant heterogeneity
test between studies (P=0.09; 1’=41%). The results revealed
that the effective rate of propranolol was better than that
of steroids, and the difference was statistically significant
(OR, 3.96; 95% CI, 2.47-6.37; P<0.00001; Fig. 3).

Results of recurrence rate. A total of four articles were
included, including 138 cases of propranolol and 85 cases of
steroids. There was no statistically significant heterogeneity
test between studies (P=0.30; I’=0%). The results revealed
that there was no significant difference in the recurrence rate
between propranolol and steroid (OR, 1.83; 95% CI, 0.59-5.70;
P=0.3; Fig. 4).

Results of adverse reactions. A total of 8 articles were
included, including 204 cases of propranolol and 184 cases of
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Table II. Statistical results of propranolol vs. steroid therapy for His.

Total Effective Recurrence Adverse Surgical

Authors (year) number number (n) reaction (n) excision (n) Refs.

Price et al (2011) A: 68 A: 56 A:2 A:3 A: 8 (49)
B: 42 B: 12 B: 0 B: 14 B: 12

Bertrand et al (2011) A: 12 A: 12 NR A2 NR (1))
B: 12 B:9 B:7

Rossler et al (2012) A: 39 A: 25 A:S A: 6 NR (52)
B: 38 B:23 B:3 B: 9

Malik et al (2013) A: 10 A: 10 NR A:2 NR (53)
B: 10 B:9 B:9

Bauman et al (2014) A: 11 A7 A:2 A: 9 NR 54)
B:8 B:23 B: 1 B:7

Hoornweg et al A: 14 A: 14 NR A: 0 A: 0 (55)

(2014) B: 29 B: 21 B: 16 B: 10

Kim et al (2017) A: 17 A: 17 NR NR NR (56)
B: 17 B: 15

Polites et al (2018) A: 29 A: 27 Al A7 NR 67
B: 23 B: 17 B:0 B: 10

Ali et al (2018) A: 30 A: 25 NR Al NR (58)
B: 30 B: 20 B:3

A, propranolol treatment group; B, steroid treatment group. NR, not reported.

321 records 116 records 196 records

from PubMed from Embase from Web of Science from Cochrane

8 records

l

| 641 pooled records }

{ 296 duplicates removed I

| 345 records screened for relevance |———'| 317 records excluded I

l

28 full-text articles
assessed for eligibility

!

9 studies included in
qualitative synthesis

l

9 studies included in
quantitative synthesis
(meta-analysis)

| 19 full-text articles excluded |

Figure 1. Flow diagram of study selection. A total of 641 literatures were retrieved, and nine literatures were finally included after screening.

steroids. There was no statistically significant heterogeneity
test between the studies (P=0.15; I>=35%). The results revealed
that the incidence of adverse reactions of propranolol was
lower than that of the steroid group, which was statistically
significant (OR, 0.21; 95% CI, 0.12-0.36; P<0.00001; Fig. 5).

Results of surgical resection rate. A total of two articles were
included, including 82 cases of propranolol and 56 cases of
steroids. There was no statistically significant heterogeneity
test between studies (P=0.05; 1>’=74%). The results revealed
that the surgical resection rate of propranolol was lower than



156, 2021

MOLECULAR AND CLINICAL ONCOLOGY 15:

(8100)

(89) 0¢ C C C (4 0 4 0 (4 (4 C (4 w21V
(8100

(L9) 6l C I [4 (4 0 C (4 (4 (4 C (4 10 12 sa[od
(L100)

(99) 81 C I C C 0 0 I C C C C 1P 12 Wiy
(r100)

(S9) L1 4 0 [4 C 0 I ! (4 C C C [p 12 3omMUIOOH
(r102)

(9) Ic C C C C I C C C C C C [v j2 uewinegq
(€100)

(€9) (44 C (4 C C 0 (4 C C C C C 10 12 YI[eN
(100

(9) 91 C 0 I (4 0 C 0 (4 C I C I9[sS0Y
(1102)

(19) 6l C C 0 C 0 C C C C 1 C [v j2 pueniog
(1102)

(6%) 6l C C C (4 0 (4 0 (4 C C C 10 12 291 d
'Sjoy  [®10L,  sosAeue  sdnoi3 jo sdnoi3 dnoi3 9z1s Apmis AS jurodpua Apms vIEp JO sjuoned wre (1e0K)
[eonsels  oouofeambo  Arerod  [onuod Y jo uey) Apns oy jo UONJOQ[[0D  QAIINOASUOD  PIIE)S sioyIny

grenbopy  ourpeseg  -woyuo) ojenbope  uonenoes  ssopdn  ojerrdoidde g Jo wre oy) 0 0Anoadsorq jo uorsnjouy  A[Ie9[d
uy oAnoadsord  Mo[[oJ juowsssasse  dreridordde v
03ssoT dn-mo[joJ  poseiquy  syurodpug

*SOIPN)S PAZIWOPUEI-UOU JOJ XOpUl [BdISO[0poyjow dy} Sulsn saIpnis papn[oul ay) Jo Judwssasse Airend) ‘I1] 9[qeL,



6 YOU et al: PROPRANOLOL VS. STEROIDS IN THE TREATMENT OF INFANTILE HEMANGIOMAS: A META-ANALYSIS

0__SE(Iog[0R]) .
an
Y
PRI
PN
/ 1 \
/ 1 \
/ 1 R
0.5t o/ i 9
’ ! \
/0 \
/ | \
/ ! N\
/ 1 \
/ 10 \
/ 1 \
+ / | N
1 /! o) \
/ ! \
’ ! \
/ 1 \
/ 1 \
/ 1 \
/ ! \
/ ! \
’ i A
15T Fd H le) \
/! o) @) )
K O: \
/! ! \
’ ! \
/ 1 \
’ 1 \
/ i 9R
2 t t t 1
0.005 0.1 1 10 200

Figure 2. Funnel plot for publication bias evaluation. Circles represent the included studies. The funnel plot is symmetric, indicating that the risk of bias was

small. OR, odds ratio; SE, standard error.

propranolol corticosteriod 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
All A2Z018 25 30 20 30 18.3% 250 ([0.74,8.50] I
Cynthiad. Price2011 56 68 12 42 14.4% 11.67 [4.67,29.12) -
J.Rossler2012 25 39 23 38 46.0% 1.16[0.46, 2.93] —i—
Janie Bertrand2011 12 12 9 12 20% 9.21[0.42, 200,59
Kyu Han Kim2017 17 17 15 17 24% 565([0.25, 126.87)
Marije J. Hoormweg2014 14 14 21 29 26% 11.47[0.61,214.48)
Muneer Abas Malik2013 10 10 9 10 2.4% 3.32[0.12, 91.60]
MNancyM.Bauman2014 7 11 2 8 48% 5.25[0.70, 39.48] -
Stephanie F. Polites2018 27 29 17 23 72% 4 76 [0.86, 26.38] T
Total (95% CI) 230 209 100.0% 3.96 [2.47,6.37] <%
Total events 193 128
Heterogeneity: Chi®= 13.64, df = § (P = 0.08); F= 41% n 0% u=1 ] 1’0 20’0

Test for overall effect: Z=5.69 (P < 0.00001)

Favours [experimental]

Figure 3. Meta-analysis of effective rate. CI, confidence interval.

propranolol  corticosteriod Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
CynthiaJ. Price2011 2 68 0 24 151% 1.84[0.09, 39.74)
J.Rossler2012 5 30 3 30 53.4% 1.80[0.39,8.32] —
MancyM Bauman2014 2 1 1 8 202% 1.56[012 2089
Stephanie F. Polites2018 1 29 0 23 11.3% 2.47[010, 63.60]
Total (95% CI) 138 85 100.0%  1.83[0.59,5.70] ~esugifine.-
Total events 10 4
Heterogeneity: Chif=0.058, df=3{F=1.00); F=0% 'D.U1 Df1 1'0 1DD'

Test far overall effect: Z=1.05 (P =0.30)

Favours [control]

Favours [experimental] Favours [control]

Figure 4. Meta-analysis of recurrence rate. CI, confidence interval.

that of steroid, and the difference was statistically significant
(OR, 0.19; 95% CI, 0.08-0.46; P=0.0002; Fig. 6).

Discussion

IHs are a complex mixture of clonal endothelial cells asso-
ciated with epidermal, dendritic and mast cells (28). Of
IHs, >10% can cause upper airway obstruction (29), ulcers,
bleeding, soft tissue malformations and high-output heart

failure (30). Vascular endothelial growth factor (VEGF)
and basic fibroblast growth factor (bFGF) can regulate the
growth of IHs (31). Steroids mainly act on the proliferation
stage of [Hs by inhibiting the expression levels of immature
VEGEF and bFGF, which blocks angiogenesis and prevents the
growth of the tumor body (32-34). In addition, estrogen serves
a role in the growth of IHs (35), and thus, steroids may be
able to bind to estrogen receptors, thereby reducing the effects
of estrogen and ultimately inhibiting hemangioma growth.



MOLECULAR AND CLINICAL ONCOLOGY 15:

propranolol corticosteriod

156, 2021 7

Odds Ratio Odds Ratio

Study or Subgroup Events Total Ewvents Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
AliAZ018 1 30 3 30 4.8% 0.31[0.03,3.17] —
Cynthiad. Price2011 3 68 14 42 27.5% 0.08[0.02, 0.35] —
J.Rossler2012 fi 30 9q o 12.0% 0.48([0.18,1.91] 1
Janie Bertrand2011 2 12 7 12 9.7% 0.14 [0.02, 0.96] e —
Matije J. Hoormweg 201 4 i 14 16 28 17.6% 0.03[0.00, 0.52) -
Muneer Abas Malik2013 2 10 9 10 12.0% 0.03 [0.00, 0.37]
Mancyd Bauman2014 q 11 7 8 2.4% 0.64 [0.05, 8.62] —
Stephanie F. Polites2018 7 28 10 23 14.0% 0.41[0.13,1.35] R
Total (95% CI) 204 184 100.0%  0.21]0.12, 0.36] <>
Total events 30 75
Heterogeneity: Chi*=10.80, df= 7 (P = 0.15); F= 35% f i t |
o 0.001 0.1 10 1000
Testfor overall effect Z= 5.61 (P « 0.00001) Favours [experimentall Favours [control]
Figure 5. Meta-analysis of incidence of adverse reactions. CI, confidence interval.
propranolol corticosteriod Risk Ratio Risk Ratio
Study or Subaroup BEvents Total Pvenis Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Cynthiad. Price2011 8 68 12 47 58.6% 0.41 [0.18, 0.92] ——
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. . - - - AT 1 1 1 1
Heterogeneity: Chi®= 270, df=1 (P =010); F= (3% D.EiDﬁ EIT1 ] 1'0 zﬁu

Test for overall effect: £=3.43 (P = 0.0006)

Favours [experimental] Favours [control]

Figure 6. Meta-analysis of surgical resection rate. CI, confidence interval.

The effectiveness of steroid therapy is ~78% (36); however,
long-term use often causes serious side effects. The majority
of children will have obvious cushings-like changes (37), and
certain patients will have behavior changes (such as irritability
or insomnia), high blood pressure, gastrointestinal irritation,
fungal infections and may even influence height develop-
ment (38). The effectiveness of propranolol is ~88% for the
treatment of IHs (36). In the short term, propranolol mainly
acts on beta receptors on capillary endothelial cells, resulting
in the receptor being unable to bind with adrenaline, and thus
inhibits vasodilation (39). Moreover, propranolol can increase
the constriction of hemangioma pericytes and further contracts
the blood vessels (40). The role of propranolol in the medium
term is major mainly inhibits cell proliferation and angiogen-
esis by blocking the relevant regulatory factors and signaling
pathways of angiogenesis, including blocking the mitogen
that activates the protein kinase pathway (Rac/MAPK) (41),
blocking the PI3K signaling pathway (42), reducing hypoxia
inducible factor 1 (43) and blocking DLL4/NotchlAkt
signaling (44). At the same time, propranolol can decrease the
synthesis and release of NO, inhibit vascular smooth muscle
relaxation, and cause hemangioma vasoconstriction (45). The
long-term effect of propranolol is to induce endothelial cell
apoptosis, mainly by reducing the expression levels of STAT3
and the anti-apoptotic protein Bcl2 (44), whilst promoting
the expression levels of the apoptotic proteins caspase-3, -8
and -9 (46) and the tumor suppressor gene p53 (47). Studies
have shown that when the therapeutic dose of propranolol is
>2 mg/kg/day, a better therapeutic effect can be obtained (48).

A total of 9 controlled experiments were included in the
present study, among which 221 patients received propranolol and
201 patients received steroids. The results of the meta-analysis

of the 9 groups showed that propranolol had a higher efficacy
and less adverse reactions than steroids in the treatment of
IHs. Adverse reactions to propranolol occurred in 30 patients,
including asymptomatic hypotension, vomiting and non-specific
rash, but in some children the symptoms were completely revers-
ible after drug withdrawal. Adverse reactions to steroids occurred
in 75 patients, including Cushings-like changes, oral sores,
irritability, insomnia, arterial hypertension, arterial hemorrhage,
gastroesophageal reflux, hypertrichosis, dysplasia, hypercholes-
terolemia. There was no significant difference in the recurrence
rate between the two; propranolol was also lower than steroids
in the rate of surgical resection due to poor therapeutic effect
or unsatisfactory aesthetic recovery. Meanwhile, Price et al (49)
found that propranolol costs about half as much as steroids. As
propranolol has higher efficacy and safety levels than steroids,
it may replace steroids as a new first-line therapeutic drug (50).

There were three limitations to the present study. First,
there is a small number of literatures included in the present
study, and there are not enough randomized controlled trials,
so there is a certain selectivity bias. Secondly, due to the lack
of analysis of different sites of IHs in the included literature,
the occurrence sites of hemangioma could not be studied sepa-
rately, and the sensitivity of different sites of IHs to the two
drugs could not be proved to be different. Thirdly, for children
with complications, there is a lack of long-term follow-up to
observe whether the complications have completely disap-
peared, as well as the recovery time after drug withdrawal,
so it is impossible to more fully evaluate the long-term effects
and harms of propranolol on children.

In summary, the present study proves that propranolol has
better clinical efficacy and lower complications than steroids
for the treatment of IHs, and provides a certain theoretical
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basis for the selection of treatment schemes for IHs. However,
more high-quality randomized controlled trials are needed
to strengthen the evidence. At the same time, the mechanism
underlying propranolol on IHs still needs further study.
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