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Progress in the treatment of infantile hemangioma
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Abstract: Infantile hemangioma (IH) is a common benign tumor, which mostly resolves spontaneously;

however, children with high-risk IH need treatment. Currently, the recognized first-line treatment regimen

for IH is oral propranolol, but research on the pathogenesis of IH has led to the identification of new

therapeutic targets, which have shown good curative effects, providing more options for disease treatment.

This article summarizes the applications of different medications, dosages, and routes of administration for

the treatment of IH. In addition to drug therapy, this article also reviews current therapeutic options for

TH such as laser therapy, surgical treatment, and observation. To provide the best treatment, therapeutic

regimens for TH should be selected based on the child’s age, the size and location of the lesion, the presence

of complications, the implementation conditions, and the potential outcomes of the treatment.
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Introduction

Vascular diseases in infants and children are divided
into two broad categories: vascular tumors and vascular
malformations. Infantile hemangiomas (IHs) are the
most common type of vascular tumors, with an incidence
ranging from 4% to 5% (1-3). Up to 10% of non-Hispanic
Caucasian infants have this disease; it also affects more
females than males (4) and is more prevalent in premature,
low birth weight, and multiple-birth babies (5,6). IH is a
benign vascular tumor formed by abnormal proliferation of
endothelial cells and vascular proliferation and is distributed
in the head, neck, and face (4).

In most cases, the growth of hemangiomas in infants is
the fastest and most significant in infants 1-3 months of age,
and gradually decreases after 5 months of age (7). IHs are
usually harmless and can gradually resolve spontaneously
after 1 year of age without any intervention. However,
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approximately 5-10% of IHs is destructive (8) and may lead
to telangiectasia, cicatrization, ulcers, hyperpigmentation,
and hemangioma in the eye, all of which can affect vision
and cause other serious problems such as disfigurement
or even death. Thus, intervention is needed to prevent
the adverse consequences of these high-risk IHs. The
clinical guidelines for IH management recommend early
intervention (within 1 month of age). With the continuous
exploration and optimization of therapeutic regimens in
recent years, many curative therapeutic regimens have
emerged and been applied in clinical practice including oral
medications, injectable medications, topical medications,
laser therapy, surgical treatment, and observation. Many
of these studies have focused on drug therapy, and several
types of therapeutic drugs have become available. We here
review the current progress in therapeutic regimens and
provide a basis for treatment decisions in clinical practice.
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IH pathogenesis

The specific etiology and pathogenesis of IHs have not
been fully understood, but some recent studies have
supplied some in-depth understanding of the pathogenesis
of IHs. Angiogenesis and vasculogenesis are considered
the main pathogenic mechanisms during new vessel
formation in IH. Studies have shown that basic fibroblast
growth factor (bFGF), vascular endothelial growth factor
(VEGF), vascular endothelial growth factor receptor
(VEGFR), glucose transporter isoform 1 (GLUT1), matrix
metalloproteinase-9 (MMP-9), proliferating cell nuclear
antigen, type IV collagenase, and angiotensin are highly
expressed in IHs in the proliferative phase inducing blood
vessel proliferation (9-13). The number of mast cells
and the level of tissue inhibitors of metalloproteinases
(TIMPs) increases while the content of bFGF decreases in
regressive hemangioma, causing neovascularization due to
the imbalance of positive and negative angiogenic regulator
expression in this hemangioma and adjacent normal tissues.
Hypoxia is an inducing factor of revascularization and
angiogenesis. In hypoxic conditions, pro-angiogenesis
is stronger than anti-angiogenesis, so the balance moves
towards pro-angiogenesis. This angiogenic switch stimulates
tumor cells and stroma cells to express angiogenic factors
(14,15) including VEGEF, bFGF, GLUT1, stromal cell-
derived factor-1 o (SDF-1a), hypoxia-inducible factor-1
o (HIF-1 o), platelet-derived growth factors (PDGFs),
lysophosphatidic acid (LPA), and angiotensin (11) to
promote angiogenesis. Studies have shown that follicle-
stimulating hormone (FSH) is expressed in IH tissues,
and the FSH receptor is enriched in IH-adjacent cells,
suggesting that this cell type may be involved in tumor
pathogenesis (16,17). Studies have also shown that FSH
promotes the expression of VEGF and HIF-1a (18,19).

Classification and clinical features of IHs

A complete IH classification developed by the International
Society for Study of Vascular Anomalies (ISSVA) in
1996 has been well-adopted internationally and has been
continuously revised. It was first revised in 2014, and the
complete revised version was published in 2015. In 2018,
the ISSVA revised the IH classification system again (20),
making it the most recent classification scheme. IHs could
be classified according to the depth of the lesions in the
soft tissues as follows: (I) superficial hemangioma has the
clinical manifestation of reddish or bright red papules,
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nodules, or plaque on normal skin, and a few of them may
be diffuse hyperplastic. Superficial IH with a strawberry-
like appearance, also known as strawberry hemangioma or
capillary hemangioma, is called superficial hemangioma (21)
and is the most common type of IH; (I) deep hemangioma,
also called sponge-like hemangioma, is a raised nodule
found below the skin surface and is deformed by pressure. It
often appears bluish, with or without telangiectasia patches
in the center, and is uncommon; (IIT) mixed (superficial
+ deep) hemangioma is a combination of both superficial
and deep hemangiomas. This type can grow rapidly with
extensive area involvement and is common; (IV) reticular/
abortive/minimal growth hemangiomas; and (V) others
form the last categories of IHs. IHs can also be classified as
follows based on their anatomical location: (I) focal IH has
a clear localized lesion possibly originated from a center; (II)
multifocal IH has multiple and scattered lesions originating
from multiple centers of the lesions; (III) segmental IH
often has a plaque or patchy anatomical region and is
distributed in a linear or map-like manner in specific skin
areas usually >5 cm diameter; and (IV) indeterminate IH is
a lesion with unclear positioning and does not belong to a
segment (commonly known as partial segmental IH).

Therapeutic regimens
Drug therapy

The currently available drugs for therapeutic regimens
include oral medications, topical medications, and injectable
medications applied topically and systemically. Among
them, oral medications and topical B-blockers have been
most frequently studied and have shown excellent curative
effects.

Oral medications

Beta-adrenergic blocking agents (f§ blockers)

In 2009, Leaute-Labreze et al. (22) were the first to report
the application of propranolol for the treatment of 11
cases of severe IHs with good therapeutic outcomes. Since
then, studies on B blockers in IH treatment have been
initiated, and studies of the application of propranolol in IH
treatment have been reported in recent years. Over 500 case
reports and case series involving more than 2,000 patients
have been published (8). These include prospective studies
(23,24), randomized controlled trials (25,26), retrospective
studies (27-31), case reports (32-34), and systematic reviews
(35,36). Propranolol has become the first-line treatment
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for IH and has been reported in different major guidelines
(7,37), expert consensus (8,38,39), and in the Childhood
Vascular Tumors Treatment (PDQ®)—Health Professional
Version (40), as the preferred and recommended medication.

In March 2014, the US Food and Drug Administration
approved Hemangeo (41), a propranolol hydrochloride
oral solution, for the treatment of proliferating IHs. The
recommended therapeutic window is from 5 weeks to
5 months, with a starting dose of 0.6 mg/kg twice daily (at
least 9 hours apart). The dosage is increased to 1.1 mg/kg
twice daily, 1 week later and further increased to 1.7 mgrkg
twice daily for six consecutive weeks after 2 weeks of initial
treatment. The recommended dose for Chinese children is
1.0-2.0 mg/kg/d, divided into two oral administrations (at
least 8 hours apart), and the recommended dosage for children
in Western countries is 2.0-3.0 mg/kg/d. It is recommended
that children under 1 month of age or weighing less
than 5 kg start with an initial dose of 1.0 mg/kg/d,
divided into two oral administrations; if they have no
serious adverse reaction (AR) and can tolerate the initial
dose, the dosage can be gradually increased by 0.5 mg steps
up to 2.0 mg/kg/d, divided into two oral administrations.
The recommended dose for children older than 1 month of
age or weighing more than 5 kg is 2.0 mg/kg/d, divided into
two oral administrations. For premature infants, low birth
weight infants, and children with poor general conditions,
the initial dose is 0.5 mg/kg/d, divided into two oral
administrations; if they have no obvious AR and can tolerate
the initial dose, the dosage can be gradually increased to
2.0 mg/kg/d (divided into three oral administrations) when
they reach at least 6 months of age.

The therapeutic mechanism of propranolol in IHs (42,43)
may be: the reduction of endothelial cell proliferation in
hemangiomas by increasing the expression of pro-apoptotic
genes p53 and Bax, and reducing expression of the anti-
apoptotic gene Bc-x/ to induce the apoptosis of endothelial
cells; downregulation of FGF-2, HIF-1a, VEGF-165,
and VEGEF-2 expression; vasoconstriction; intervention of
nitric oxide (NO) production to impair the angiogenesis of
hemangioma stem cells; promotion of lipolysis of hemangioma
stem cells (44,45); or promotion of anti-angiogenesis mediated
by thrombospondin-1 and blockage of angiogenesis mediated
by nuclear factor-kappa B (NF-«B) (46).

Propranolol is contraindicated in the following situations:
cardiogenic shock, sinus bradycardia, hypotension, second-
to third-degree atrioventricular block, heart failure, history
of airway responsiveness (e.g., asthma and poor ventilation),
aortic stenosis, and allergic reaction to propranolol.
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The common side effects (35,47) of propranolol include
gastrointestinal discomfort, sleep disorders, agitation, and
body temperature fluctuations. The serious ARs reported
with propranolol treatment include atrioventricular
block, bradycardia, hypotension, bronchospasm/bronchial
hyperresponsiveness, and hypoglycemia. ARs are mild,
and ARs that are severely intolerable are very rare (48).
However, blood pressure, heart rate, and body temperature
should be monitored during drug administration. Existing
reports have shown that propranolol has no significant
effect on neurodevelopment in children (49); however,
close monitoring of the central nervous system and sleep-
related events is still necessary (50). To reduce the systemic
ARs caused by oral administration of propranolol, some
researchers have developed propranolol cream/gel (51-53),
propranolol-loaded liposomes-in-microspheres (54),
propranolol-loaded mesoporous silica nanoparticle
administrative system (55), and a thin polymeric film system
composed of polyvinyl alcohol and acrylic acid polymer for
propranolol administration (56). However, further studies
on their therapeutic efficacy and safety are necessary.

In addition to propranolol, other B blockers have
also been used to treat IHs, including atenolol (57,58),
nadolol (59), and acebutolol (60). A retrospective study by
Graaf et al. (61) comparatively analyzed the results of 30
IH pediatric patients who orally received 1.0 mg/kg QD
atenolol and 28 IH pediatric patients who orally received
2.0 mg/kg/d propranolol, and found the same therapeutic
efficacy with no serious ARs in both treatment groups. In
the study by Ji er al. (62), 70 children with proliferating
IHs were administered 1.0 mg/kg QD oral atenolol for a
24-week treatment. The results showed that the IHs stopped
growing in 93.4% of children after 4 weeks of treatment,
and 56.5% were cured or nearly cured after 24 weeks of
treatment. These children had no serious ARs during
treatment, but some mild and common ARs, including
diarrhea, agitation, and sleep disorders. Abarzua-Araya
et al. (63) conducted a randomized controlled trial
to compare the therapeutic efficacies of atenolol and
propranolol for IH treatment and proved quite effective
outcomes in the two-drug treatment groups. Pope
et al. (64) conducted a blinded study of oral nadolol and
propranolol and gave 4.0 mg/kg QD nadolol orally to
10 IH infants and 2.0-3.0 mg/kg/d propranolol (divided
into three oral administrations) to nine IH infants. The
results showed that the therapeutic effect of nadolol was
better than that of propranolol. These studies all showed
that B blockers are effective in treating IHs. The B1 receptor
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is abundantly expressed in the proliferative phase of IHs (65).
Atenolol and acebutolol are selective B blockers, and proper
concentrations of these drugs can selectively act on B1
receptors to enhance their therapeutic effects and prevent
ARs caused by other B receptors. Also, the lipid solubility
of atenolol and acebutolol is lower than that of propranolol,
and these drugs do not penetrate the blood-brain barrier
and enter the brain easily. Their concentrations in the
cerebrospinal fluid are low, which hardly affects the central
nervous system in patients.

Glucocorticoids

Before the application of propranolol for IH treatment,
glucocorticoids, as first-line therapeutic drugs for IH, have a
certain value for the treatment of refractory and complicated
IHs. Glucocorticoids are used in contraindications to
B blockers and cases with no therapeutic response to B
blockers. The common prednisone dosage is 2-3 mg/kg/d
for 4-12 weeks of treatment, followed by gradually
reducing the dosage, with treatment lasting until patients
are 9-12 months old (7,66,67). The recommended dosage
in China is 3-5 mg/kg (<50 mg total dose) prednisone
tablets once every morning for eight consecutive weeks,
followed by reducing half of the dose at week 9, using
10 mg per treatment at week 10, 5 mg per treatment at
week 11, and completing a course of treatment at week 12.
The same course of treatment can be repeated after
4-6 weeks if necessary, which usually takes several months
or more. Because sudden withdrawal or rapid reduction in
glucocorticoid dosage may cause a rebound, the dosage of
treatment should be tapered off before discontinuation. The
therapeutic mechanisms of glucocorticoids (68,69) include
downregulation of VEGF-a in vive; inhibition of monocyte
chemotactic protein 1, interleukin (IL)-6, MMP-1, and
urokinase-type plasminogen activator receptor; inhibition
of NF-«B activity; and antagonizing the effect of estrogen.
Long-term consumption of glucocorticoids may cause some
ARs including Cushing syndrome, secondary infection,
affecting growth and development, gastrointestinal
discomfort (e.g., nausea, vomiting, ulcers, and diarrhea),
mental symptoms (e.g., agitation, insomnia, and feeling
down), and adrenal suppression.

Renin-angiotensin system (RAS)-acting drugs

The role of the RAS in the proliferation of endothelial cells
in hemangioma has been confirmed in recent years (12,70).
Angiotensin-converting enzyme inhibitors have been used
for the treatment of IHs. Tan et al. (71) treated eight IHs
with captopril orally at a dosage of 0.5 mg/kg q8h, including
seven cases treated for 14 months, and the other treatment
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duration was 12.5 months. A significant response was
found in all infants during the 8-19-month follow-up, with
three cases of significant responses, two cases of moderate
responses, and three cases of slow responses. The IHs
resolved continuously, and one patient had transient mild
renal damage. No other ARs were observed. A retrospective
analysis of Christou ez 4/. (72) showed that 17 IH children
developed hypertension due to glucocorticoid. They were
then treated with captopril. After the additional captopril
treatment, the children with IHs had no improvement.
However, the average time of captopril monotherapy
in the study of Christou et a/. was only 3 weeks, and a
drug interaction between captopril and steroids cannot
be ruled out. Zaher et al. (73) completed a randomized
controlled trial to compare the therapeutic efficacy of
propranolol and captopril in IHs. A total of 15 IH children
were given 2.0 mg/kg/d propranolol orally (divided into
two administrations) for 6-12 months and another 15 IH
children were given 0.5-1.0 mg/kg/d captopril orally
for 8-13 months. The results showed that the captopril
treatment group had some therapeutic effects, but the
effects were less pronounced than those with propranolol,
and four patients in the captopril treatment group had ARs
such as hypotension or dizziness. Another study showed that
Ramipril and angiotensin II receptor blockers inhibited the
proliferation of IH tissue cultured iz vitro (74), suggesting
that RAS-acting drugs have potential value in IH treatment.
However, further studies on their therapeutic efficacy and
safety are necessary.

Itraconazole

In 2015, Ran et al. (75) reported the successful treatment of
IHs with itraconazole in the first two infants to receive oral
itraconazole due to IH complicated with ulcers and fungal
infections. The ulcers were healed, and the IH was cured.
Subsequently, four IH infants (without ulcer and fungal
infection) were treated with 5.0 mg/kg/d (20-50 mg/d)
itraconazole orally for 2-9 weeks with a 3-19-month
follow-up. In the first month, the IH lesions changed from
reddish to pinkish color, and all IHs stopped growing. At
the last follow-up, four cases had an 80-100% improvement
of IH color and size, indicating obvious therapeutic efficacy.
Mild diarrhea was found in two cases, and the remaining
cases had no ARs. This research group reported another IH
case in 2017 in a 3-month-old infant (76), who was treated
with a topical wet compress of timolol maleate ophthalmic
solution (twice a day, 1 hour each time, approximately
0.5 mL per treatment) and showed no curative effect,
followed by replacing the treatment to oral itraconazole
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solution (5.0 mg/kg/d). During the new treatment, the
skin lesion color was gradually darkened. After 68 days,
clinical and dermoscopic observations showed obvious
signs of regression of the hemangioma. After 4 months, the
hemangioma was resolved, and a small amount of fibrous
adipose tissue was left although the specific mechanism was
unclarified. However, as early as 2007, some researchers (77)
have shown that itraconazole inhibits the growth of
endothelial cells in the G1 phase and blocks VEGF/FGF-
dependent angiogenesis. Also, 14 alpha-demethylase
(14DM) is required for endothelial cell proliferation and
is the target of itraconazole. Itraconazole may prevent
vascular proliferation by inhibiting 14DM action. Chen
et al. (78) studied the inhibitory effects of itraconazole
on IHs in mouse vascular endothelial cells and primary
endothelial cells derived from IHs and the underlying
molecular mechanisms. The results showed that itraconazole
inhibited the expression of PDGF D and its downstream
phosphatidylinositol 3-kinase/Akt/rapamycin target signals,
which play important roles in IH pathogenesis. Few studies
on IH treatment with itraconazole have been reported, and
there is a lack of large-scale clinical research to study the
therapeutic efficacy and safety of itraconazole, which needs
further investigations.

Curcumin

Curcumin is a chemical component extracted from the
rhizome of turmeric. It has a variety of biological activities
such as anti-inflammatory, anti-oxidation, anti-coagulation,
and anti-tumor effects. Thus, it has been widely used for the
prevention and treatment of various diseases. In addition
to being used as a drug in clinical practice, curcumin is
also used as a food additive and as a natural food coloring
because it is safe. An earlier study showed that curcumin
inhibits endothelial cell proliferation and FGF-mediated
corneal neovascularization in mice, indicating that it has
direct anti-angiogenic activity in vitro and in vivo (79).
Hassell ez al. (80) used 400 mg/d oral curcumin for 9 months
to successfully cure infantile hemangioendothelioma in
the liver of a 6-month-old infant. Lou et /. (81) used
curcumin to react with endothelial cells in IH and observed
the changes in cell proliferation and apoptotic signaling
pathways. The results showed that curcumin inhibited
the expression of anti-apoptotic protein myeloid cell
leukemia-1, HIF-10, and VEGE, thereby inducing apoptosis
and inhibiting the proliferation of endothelial cells in IHs.
Currently, no reports on curcumin for IH treatment are
available. Therefore, further studies are necessary to verify
if curcumin, as a highly safe drug, also has beneficial effects
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on IH treatment, which would provide a safer and more
effective choice for the treatment of this disease.

Topical medications
Topical p blockers
With the application of P blockers in IH treatment, topical
B blockers have quickly gained attention. Theoretically,
topical B blockers only act locally on lesions, but do not
enter the systemic circulation and are more effective and
safer than oral beta blockers for IH treatment, especially
for superficial IH. The used topical p blockers include
propranolol gel (cream), timolol eye drops (hydrogel), and
carteolol drops. There have been many studies on timolol,
and several studies have used timolol maleate ophthalmic
solution and homemade timolol gel to treat IHs, involving
more than 1,000 patients (82-89). Puttgen et a/. (88)
completed a multicenter retrospective cohort study at nine
centers to study 731 IH patients who were administered
topical timolol. The results showed that timolol is a well-
tolerated and safe treatment for IH, especially for superficial
IH, with good therapeutic efficacy. Wu et al. (87) compared
the difference between topical timolol and oral propranolol
in TH treatment. A total of 724 IH infants were included in
the study with 362 IH infants receiving 2.0 mg/kg/d oral
propranolol, divided into two oral administrations, and
another 362 IH infants receiving 0.5% timolol hydrogel
treatment three times a day by applying a thin layer of
timolol hydrogel on the entire lesion surface of IH for
6-7 months. These patients were followed up for 6.5
months. The results showed that topical timolol and oral
propranolol had the same effects on superficial IH and
reduced the risk of systemic ARs. Another meta-analysis of
887 children with IH in 10 studies (including retrospective
studies, prospective cohort studies, and randomized
controlled trials) (86) showed that topical timolol treatment
had better therapeutic efficacy and less ARs than laser
therapy, placebo therapy, and observation. No significant
difference in therapeutic efficacy was found between topical
timolol and oral propranolol treatments. A systematic
review (90) also indicated that topical timolol therapy had
the same therapeutic efficacy as oral propranolol treatment
with and few ARs.

Many studies on topical propranolol are available. Price
et al. (91) conducted a systematic review that included 12
studies and a total of 597 IH pediatric patients who were
treated with 0.5-5% homemade propranolol gel, cream, and
ointment. The results indicated that topical propranolol is
effective and safe for the treatment of superficial IH. Mashiah
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et al. (92) retrospectively analyzed 75 IH cases treated
with propranolol gel (4% propranolol gel, 150 mg/5 cm’
on the lesion area, twice a day for 5-9 months). The results
showed that 43 had a good response to treatment; 19 had
a partial response; 13 had no response to treatment; 2
patients developed mild local side effects, showing irritation
and redness; and the remaining IH children had no other
observed ARs. Zhai et al. (93) treated 51 IH children with
3% propranolol gel 3—4 times/d by evenly applying the
gel on the lesion surface. The Achauer system was used to
evaluate the therapeutic efficacy of the topical propranolol
medication in the 1-10-month follow-up. Patients with
grade I reaction (poor) accounted for 17.24%, those with
grade II reaction (moderate) accounted for 24.14%, those
with grade III reaction (good) accounted for 44.83%, and
those with grade IV reaction (excellent) accounted for
13.79%. Two IH cases with reddish lesion areas and one
case with rash around the lesion resolved spontaneously,
suggesting that topical use of 3% propranolol gel is
effective for the treatment of superficial hemangioma. Gan
et al. (94) conducted a prospective study of topical carteolol
for the treatment of superficial IH. A total of 349 infants
were included in the study and randomly divided into two
groups: the treatment group (n=224) with 2% carteolol
hydrochloride drops twice a day for 6 months of treatment;
the observation group (n=125) with no drug treatment.
The results showed that among infants with carteolol
treatment, 24 cases responded well, 162 cases had partial
remission, and 38 cases had no response. In the observation
group, 7 cases had remission, 32 cases had partial remission,
and 86 cases had no remission. No ARs were observed
during the treatment period, suggesting that 2% carteolol
hydrochloride drops are an effective and safe topical IH
treatment.

Usage and dosage: In China, commercially available 0.5%
timolol maleate eye drops three times a day (6-8 h apart)
is recommended. It is used by dropping the ophthalmic
solution on absorbent cotton or one to two layers of gauze
(30-40 pL/cm®) to evenly soak the cotton or gauze, and
applying to the lesion surface for 5-15 min, with the cotton
or gauze, keeping it moist (95). Others also smear 0.25% or
0.5% timolol gel on the IH lesion two to three times a day, 3%
propranolol gel on the IH lesion two to three times a day, or
2% carteolol hydrochloride drops twice a day. Because no
topical B blocker for IH is currently commercially available,
caution should be exercised when using it off label or as a
research product. Common ARs include itching, dry skin,
peeling skin, rash, and angioedema.
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Imiquimod

Before the initiation of B blockers for IH treatment,
5% imiquimod cream was used for the treatment of
superficial IH and achieved good therapeutic outcomes
(96-98). Studies (99,100) have shown that after imiquimod
treatment, the cell proliferation of hemangioma decreased
and apoptosis increased, the expression of TIMP-1
increased, and the expression of MMP-9 decreased. With
the use of imiquimod in clinical practice, severe local
irritation such as erythema and even scar formation may
occur (101). After B blockers were used externally to treat
IHs, the administration of imiquimod was reduced. Studies
comparing the therapeutic efficacy and safety between
timolol and imiquimod have shown that timolol is more
effective and has fewer adverse effects (83,102). Thus, it is
recommended that 5% imiquimod be used in IH children
with contraindications for topical B blockers by applying a
thin layer of 5% imiquimod to the lesion surface every other
night before going to bed and washing off the imiquimod
the next day for 16 weeks of treatment.

Injectable medications

Injectable medications applied topically

Local injection of the drug for the treatment of IH has
a precise range of action, with the characteristics of high
local dosage and less systemic ARs. However, some topical
injectable medications may also cause strong irritation, and
some antitumor drugs (e.g., bleomycin and pingyangmycin)
are cytotoxic. Overdose or injection of these medications
into normal tissues may cause cell damage. Locally injected
drugs are suitable for the treatment of early-stage, localized,
deep, or thickened hemangioma and include bleomycin,
glucocorticoids, lauromacrogol, and urea.

Bleomycin is an antitumor antibiotic that interferes
with cell division and proliferation by preventing DNA
replication. Pingyangmycin has similar components of
bleomycin and the same antitumor mechanism. It is used for
IH treatment in China by locally injected into the lesion(s).
A previous study showed that pingyangmycin promotes the
apoptosis of proliferating hemangioma, and its underlying
mechanism may be related to blocking the cell cycle and
activating the apoptotic signal transduction pathway (103).
Studies have confirmed the therapeutic efficacy of
pingyangmycin on IHs (104,105). However, another study
concluded that local injection of pingyangmycin for the
treatment of IH is not safe because it might lead to soft
tissue atrophy (106). With the emergence of newer and
safer drugs with better therapeutic effects, the value of
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pingyangmycin in IH treatment has gradually decreased.
Nevertheless, studies have also confirmed that local
bleomycin or pingyangmycin injection is an alternative
treatment for IH children with no response or with the
residual lesion(s) after propranolol treatment (107-109).

In addition to the oral treatment of IHs, glucocorticoids
can also be injected intralesionally, which is effective in
long-term applications (110-113). Used glucocorticoids
include triamcinolone acetonide and compound
formulations of betamethasone (I mL containing 2 mg
betamethasone sodium phosphate and 5 mg betamethasone
dipropionate) with 2.0-3.0 mg/kg triamcinolone acetonide
and 0.5-2.0 mL betamethasone via multiple injections at
the lesion edge or lesion center, or intralesional injection at
a single site. Therapeutic outcomes are evaluated 4-6 weeks
later to decide if re-injection is needed. Emir et /. (114)
used 2.0 mg/kg triamcinolone acetonide to locally inject
the IHs of six IH children for 1 year, with monthly follow-
up (one case received five administrations, two cases
received four administrations, one case received three
administrations, and the two remaining cases received two
administrations). The results showed that the IH patients
developed adrenal suppression after the second or third
injection of triamcinolone acetonide. Adrenal suppression
was gradually restored to normal after treatment
termination. Glucocorticoids have many potential ARs, and
the risk of long-term usage is greater in infants and young
children. In addition to local side effects, local injection
of glucocorticoids causes systemic ARs once the overdose
is absorbed in the bloodstream. Thus, it is necessary to
administer the local injection of glucocorticoids at an
appropriate dosage and treatment course.

Lauromacrogol is a used hardener that is used for the
treatment of varicosity. During usage, the local injection
of lauromacrogol blocks the blood supply to IHs and
destroys vascular endothelial cells, causing embolization of
blood vessels and necrosis. Wang ez al. (115) intralesionally
injected 1% lauromacrogol in 42 cases of hemangioma and
13 cases of vascular malformation and followed up with
these patients for 3-16 months. The results showed 41
cured cases, 9 cured cases, 5 effective cases, and 2 cases of
local skin ulceration that was healed after dressing change;
no other serious complications were observed. Yu et 4/. (116)
treated 56 IH cases with a local and multi-point injection
of lauromacrogol injection once every 4 weeks for no
more than 5 months of treatment, followed by 6 months
to 2 years follow-up. The results showed that the local
and multi-point injection of lauromacrogol injection had
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85.7% therapeutic efficacy, and local swelling was found at
the injection site, which resolved spontaneously. No other
ARs were observed. However, lauromacrogol may cause
scarring and ulceration during the treatment of IHs, and
thus, is not recommended as the primary therapy choice for
IH. The use of this therapy is limited to China only, and
lauromacrogol is only recommended as adjuvant therapy for
hemangiomas.

Urea is also a hardener but is different from other
hardeners. Urea is a metabolite of the human body. It has
good compatibility with the human body and does not
accumulate in the body. It has almost no side effects after
entering the body and has been used in China for more
than 20 years (117) to treat hemangioma based on the
following mechanism: the tissue at the site of hemangioma
immediately shows acute sterile inflammation after the urea
injection, by shrinking endothelial cells in the hemangioma
and causing degeneration, necrosis, and fibrosis in the
lesion(s) (118). To reduce the number of administrations
and enhance therapeutic efficacy, Zhu er a/l. (117) developed
urea-loaded liposomes in microspheres to show their
significant therapeutic efficacy on IH in animal models. The
number of administrations was reduced by persistent release
in the model. Also, this treatment inhibited the proliferation
of hemangioma endothelial cells (HemECs) and expression
of VEGF-A and HIF-1a in HemECs. Only a few reports on
IH treatment with urea alone have been published, most of
which was adjunct to other therapies such as in combination
with propranolol, pingyangmycin, and surgical treatment
of some hemangioma localized at special sites. This TH
treatment is limited to use in China.

Injectable medications applied systemically

Injectable medications applied systemically for IH
treatment include vincristine and interferon. Vincristine has
the effect of promoting apoptosis of vascular endothelial
cells and tumor cells. Studies have confirmed that the
application of vincristine in IH treatment of critically ill
patients (119) and children with glucocorticoid resistance
(dependent) (120,121) demonstrates good therapeutic
efficacy. However, with the emergence of new, safer, and
more effective therapies, vincristine has been rarely used to
treat IHs, considering some serious side effects of systemic
antitumor drugs including neurotoxicity, myelosuppression,
leukopenia, and anemia. Vincristine is currently and
used for borderline or malignant hemangioma such as
hemangioendothelioma.

Interferon has antiviral and antitumor effects. A previous
study showed that interferon inhibits the proliferation
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of hemangiomas and promotes apoptosis (122). Chang
et al. (123) showed the successful treatment of four IH
children using interferon-alpha-2b. Zhang er a/. (124) also
used interferon-alpha-2a to successfully treat 11 IH patients
who had no response to propranolol and hormonal therapies.
Damas ez al. (125) retrospectively analyzed four IH children
with interferon therapy (3 million U/m’ interferon-alpha-
2b subcutaneous injection once a day for >3.5 months), and
showed that three patients had hemangioma volume reduced
by 95%; the remaining cases had hemangioma volume
reduced by >50%. One case was found to have spastic
diplegia. No persistent neurological dysfunction was found
after stopping the treatment. Another case had dyslipidemia.
Damas et al. concluded that interferon was effective for IH
treatment, but its ARs might be severe. A meta-analysis of
hemangioma treated with interferon showed that interferon
therapy causes serious ARs (126). This meta-analysis
included 391 children with hemangioma and showed that
2.8% of the patients had spastic diplegia and 4.1% of the
patients had complications in motor development such
as deep tendon hyperreflexia, gait disturbances, and fine
motor impairment. These complications were gradually
alleviated after discontinuation of interferon. Therefore, it
is not recommended that interferon be used in infants under
1 year of age unless the IH is life-threatening and other
treatment options are not effective. For children with critical
illness and ineffective outcomes using other treatment
options, interferon therapy may be an effective therapeutic
option (127,128). However, further studies are necessary to
determine its safety and effectiveness.

Potential therapeutic drugs

With the study of the pathogenesis of IHs, many potential
therapeutic targets (substances) have been discovered (see
Table 1 for details). The development of therapeutic drugs,
according to these targets, will offer more options for the
treatment of IHs.

Studies have confirmed that the RAS plays a role in the
pathological process of IHs. Cathepsin B promotes the
production of renin, thereby promoting the production
of angiotensin; cathepsin D promotes the conversion of
angiotensinogen to angiotensin I, and cathepsin G promotes
the conversion of angiotensin I to angiotensin II and the
direct conversion of angiotensinogen to angiotensin II.
The development of drugs targeting cathepsins B, D, and
G may block the production of angiotensin and exert anti-
angiogenic effects. There are also studies on angiotensin-
converting enzyme inhibitors and angiotensin II receptor

© Annals of Translational Medicine. All rights reserved.
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blockers, which play roles in the treatment of IHs through
these two pathways.

Surgical treatment

Propranolol is currently considered first-line treatment
for IHs. However, for some IH children with vascular
malformations and skin scars and even ineffective outcomes
and relapse after drug treatment, surgical resection may
be an alternative treatment because of its short treatment
period, rapid lesion removal, and significant improvement
in the appearance of the lesion site. Cheng et /. (140)
conducted a quantitative analysis of the incidence of
complications and adverse events in 1,180 IH children
(median age, 3.2 years) with surgical resection of the
hemangiomas. The results suggested that surgical resection
may be a safe treatment approach for patients with
ineffective outcomes and incomplete treatment. IH children
over 3 years of age had fewer surgical adverse events than
those less than 3 years of age. In general, the incidence of
surgical resection of IHs is low. Also, surgical resection can
be performed in some high-risk IH cases such as IHs that
cause organ dysfunction, IHs accompanied by hemorrhage
and IHs localized in the scalp (141).

Laser therapy

The laser selectively acts on the chromophore in IHs with
oxygen-containing hemoglobin being predominant. The
chromophore absorbs light to heat the lesion and causes
coagulation, thereby exerting therapeutic effects (142,143).
It is suitable for superficial, naturally regressed, and residual
IHs after drug treatment(s) (144). However, different lasers
have different scopes of application, and pulsed dye laser
(PDL), Nd:YAG laser, and fractional carbon dioxide laser is
used for the treatment of IHs.

PDL has mostly been reported and applied in IH laser
therapy (144), with the common parameters of 585-595 nm
wavelength, 0.45-40 ms pulse width, 2-12 mm spot
size, and 3-15 J/cm’ energy density. It has been used for
treating small IH lesions at an early stage and quickly
resolves the residual lesion in the regressive phase. Long-
pulsed PDL has a higher success rate in treating IH due
to its advantage in transdermal depth (144). In a previous
study, IH children had a higher incidence of adverse effects
such as skin atrophy and hyperpigmentation after PDL
therapy (145). PDL technology with a cooling function
has been proposed to lower the incidence of the
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Literature Research methods Target/drug Mechanisms
Zhang et al. In vivo, in vitro Macrophages Macrophages in IHs promoted the progression of
(129) hemangioma by promoting lesion proliferation and endothelial

Wu et al. (130) In vitro

Lietal. (131)  In vitro, immunohistochemistry, PEDF

quantitative RT-PCR

ltinteang et al.  In vitro, immunohistochemistry, Cathepsins B, D, G

(132) enzyme activity assays, mass
spectrometry, and Nano String
gene expression assay

Chisholm et al. In vitro, histochemistry,

(1383); Dal et al. immunohistochemistry,

(134) enzyme-linked immunosorbent
assay, and colorimetry

Amayaetal. In vitro, histochemistry, and

(135) immunohistochemistry protein-1 (PD-1)

Cai et al. (136) In vivo, in vitro

Wang et al. In vitro, histochemistry Linc00152
(137); Liu et al.

(138)

Zhang et al. In vitro, histochemistry UCA1
(139)

M1 macrophages

B3-adrenergic receptor

Programmed cell death

cell differentiation while inhibiting lipogenesis of hemangioma
stem cells, thereby promoting the progression of
hemangioma

M1 macrophage induced the transformation of endothelial
cells in hemangioma into mesenchyme, promoting
hemangioma regression

PEDF expression was increased during the IH regression
phase and may have effects on promoting IH regression

The expression of cathepsins B, D, and G was detected in
various stages of IHs. Cathepsin B promoted the production
of renin; cathepsin D induced the production of angiotensin
I, and cathepsin G induced the conversion of angiotensin | to
angiotensin Il (Figure 1)

the B3-adrenergic receptor was highly expressed in various
stages of IHs and played a role in the pathogenesis of IHs,
stimulating the release of VEGF and affecting various
intracellular pathways and vascular functions

Programmed cell death protein 1 was highly expressed

in endothelial cells, whereas expression of programmed
death-ligand 1 was negative in six IH cases, which provided
the possibility for immunotherapy

15,16-dihydrotanshinone | Increased expression of apoptosis-associated proteins and

significantly inhibited angiogenesis. In vivo experiments
showed significant inhibition of hemangiomas

Linc00152 was highly expressed in IH tissues.
Downregulation of Linc00152 expression inhibited Akt/mTOR
and Notch1 pathways, thereby inhibiting the proliferation of
endothelial cells and inducing apoptosis in the hemangiomas

UCAT1 was upregulated during the proliferative phase of
hemangiomas. Inhibition of UCA1 expression upregulated
miR-200c expression subsequently and further inhibited
mTOR, AMPK, and Wnt/B-catenin pathways, thereby
inhibiting cell proliferation, migration, and invasion of
hemangiomas.

PEDF, pigment epithelium-derived factor; Linc00152, a long non-coding RNA; UCA1, urothelial carcinoma associated 1.

abovementioned adverse effects. A randomized controlled
trial (146) and retrospective study (147) demonstrated that
595 nm PDL with a cooling function has better therapeutic
effects, causing fewer pigmentation abnormalities and
a lower risk of skin texture changes after treatment.
Studies (148,149) have shown that PDL combined with
B blocker treatment has better therapeutic efficacy and
shorter recovery time in IH treatment compared with

© Annals of Translational Medicine. All rights reserved.

PDL monotherapy. Therefore, application of long-pulse
PDL with a cooling system is a safer IH treatment. PDL
combined with propranolol, or other B blockers may have
better therapeutic outcomes; however, the adverse events
caused by these therapies should be considered including
common adverse events such as local edema and pain
and extremely rare adverse events including severe pain,
permanent scarring, and ulceration with bleeding (150).
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Angiotensin |
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<

N
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Figure 1 Mechanism of cathepsins B, D, and G in the renin-angiotensin system. ACE, angiotensin-converting enzyme; ACEI, angiotensin-

converting enzyme inhibitors; AT, angiotensin receptor.

Nd:YAG laser is an infrared laser with a wavelength
of 1,064 nm that is poorly absorbed by oxygenated
hemoglobin, but can penetrate deeply into the skin, showing
good therapeutic effects on thick tumors (151). Nd:YAG
laser therapy is divided into two categories according to the
mode of energy output: continuous Nd:YAG laser and pulse
Nd:YAG laser. Continuous Nd:YAG laser is suitable for
mucosal hemangioma. When used for IH in the skin, excess
energy may damage the surrounding normal tissue and
leave scars. Another study (152) suggested that Nd:YAG
laser therapy should be cautiously used on thick IH. Pulse
Nd:YAG laser therapy shows better therapeutic outcomes
and safety compared with continuous Nd:YAG laser therapy
and penetrates deeper compared than PDL therapy.

"The fractional CO, laser, belonging to the fractional laser,
has strong transmission ability and can deeply penetrate the
dermis. It has exfoliation effects and can promote epidermal
regeneration, achieving skin surface reconstruction with
short recovery time. It can be used to treat fibrofatty
residual and atrophic plaques after the regression of
hemangioma (153). Brightman ez a/. (154) applied the
ablative fractional CO, laser to treat the fibrofatty residual of
five children after the regression of hemangioma. The laser
therapy improved the fibrofatty residual by at least 50-75%
in the five patients, who had an obvious improvement in
color, texture, and overall appearance.

Observation

Because most IHs can resolve spontaneously in IH children
1 year of age or older, continuous observation of some

© Annals of Translational Medicine. All rights reserved.

simple and localized hemangioma without risk factors is
feasible by monitoring the growth and regression of IHs.
For example, continuously photographing the lesions to
compare the changes of IHs, and follow-up assessment
regularly in the hospital can be conducted. Through
continuous observations, it is possible to avoid the
occurrence of unfavorable conditions and provide physicians
with information on lesion changes.

Summary

Oral propranolol is currently the first-line treatment for
IHs. With the accumulation of clinical studies, propranolol
topical treatment, or other P blocker therapies have good
application prospects for the treatment of this disease.
Many candidate treatments for IHs are available. When
first-line treatment becomes ineffective or contraindicated,
glucocorticoids therapy, local injection of the drug, and
surgical resection can be considered. For residual lesions
in the IH regression phase, laser therapy helps children
with IH rapidly recover and improve their appearance.
The discovery of potential therapeutic targets and the
development of new drugs will provide more choices for the
treatment of IHs.
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