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Background: Infantile hemangiomas (IHs) on skin are conventionally treated with beta blockers, pulsed
dye laser (PDL), or surgery, either invasive or limited to clinical conditions. Our preclinical studies suggested
that Tanshinone, extracted from Sa/via miltiorrbiza (Tanshin), had a beneficial effect on IHs. Thus, we
conducted a pilot clinical study to evaluate the safety and efficacy of topical Tanshinone compounds on
superficial IHs.

Methods: The single-armed pilot study included a total of 29 infants diagnosed with IHs. Thrice daily
(at an interval of 6-8 hours) topical applications of Tanshinone were used for each patient. The primary
response was the skin erythema index assessed by investigators using SkinColorCatch colorimeter instrument
(Delfin). The Achauer score and the satisfaction of parents were also evaluated.

Results: A total of 29 infants, 22 females (76%) and 7 males (24%), with a median age of 60 days
(interquartile range, 45 to 99 days) were included. The position of IHs was distributed in the trunk (44.8%),
head (34.5%), and limbs (20.7%). After 6 months of IHs treatment, the decrease in skin erythema index
(baseline: 566.79+854.67 vs. after treatment: 467.97+1,118.39, P<0.001) was indicated. A total of 79.31%
[23/29] of parents of the participants reported satisfaction on the responses after treatment. No serious side
effects were documented.

Conclusions: The topical use of Tanshinone compounds might be a potentially effective and noninvasive
therapy in treating IHs.
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Introduction typically appear within the first few weeks after birth and

follow a unique pattern of growth, followed by natural
Background involution. However, even smaller and superficial IHs
Infantile hemangiomas (IHs), with a demonstrated that develop in aesthetically crucial areas often lead to
frequency of between 5% and 10%, are the most frequently undesirable cosmetic complications (2). Inadequately treated
occurring benign tumors during infancy (1). These tumors or untreated tumors, after undergoing regression, usually
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incur consequences such as local telangiectasia, remaining
fibrofatty tissue, and skin laxity, adversely affecting the
child’s physical appearance (3). As a result, superficial
hemangiomas that are situated on aesthetically sensitive
areas such as the face and exposed skin require more
assertive, timely, and suitable intervention (4). Pulsed dye
laser (PDL) is a conventional treatment for these lesions;
however, Asian individuals tend to experience residual
complications post-PDL and other similar treatments (5).
At present, external preparations of beta blockers are
often used as the first choice of treatment for superficial
and small-scale IHs (6). In China, the primary treatments
are wet compresses using 0.5% timolol eye drops and 2%
carteolol eye drops (7). These are, however, constrained by
the complicated preparation process, sometimes leading to
skin irritation, maceration, and other local side effects such
as skin flushing, desquamation, and eczema (8).

Rationale and knowledge gap

The past few decades have witnessed extensive exploration
of diverse treatment methods, varying from oral or topical
beta blockers, injections, and laser to surgical interventions,
based on the condition’s severity (2,9-11). Our preclinical
studies suggested that Tanshinone, extracted from
Salvia miltiorrbiza (Tanshin), exerted a benefit on IHs

Highlight box

Key findings

® The study firstly applied the Tanshin extract in treating superficial
infantile hemangiomas (IHs), rendering the application of
Tanshinone on IHs an innovation.

What is known and what is new?

® The past few decades have witnessed extensive exploration of
diverse treating methods in IHs, varying from beta blockers,
injections, and laser to surgical interventions, based on the
condition’s severity. Oral or topical use of beta blockers has become
first-line therapy of IHs.

® Our preclinical studies suggested that Tanshinone, extracted
from Tanshin, exerted a benefit on IHs. Thus, we conducted a
pilot clinical study to evaluate the safety and efficacy of topical
Tanshinone compounds on superficial IHs, suggesting that
Tanshinone compounds might be a potentially effective and
noninvasive therapy in treating IHs.

What is the implication, and what should change now?

® Chemical improvement of plant extracts has demonstrated
enhanced clinical applications, emphasizing the necessity of further
research in this area.

© Translational Pediatrics. All rights reserved.

Huang et al. Tanshinone compounds for IHs

(12,13). Thus, we have managed to formulate an external
preparation composed of Tanshin extract for treating
IHs and conducted a pilot clinical study to evaluate the
safety and efficacy of topical Tanshinone compounds on
superficial IHs.

Objective

We aimed to assess the clinical efficacy and safety of
Tanshinone compounds, extracted from Tanshin, in the
treatment of IHs. We present this article in accordance
with the TREND reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-23-555/rc).

Methods
Study design and participants

This study was a single-center, open-label, single-arm
pilot study. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
The protocol of this study was reviewed and approved
by the Xinhua Hospital Research Ethics Committee
(No. XHEC-C-2018-006-3) and informed consent was
taken from all the patients’ legal guardians. Patients were
recruited from the Department of Pediatric Surgery,
Xinhua Hospital, Shanghai Jiao Tong University School
of Medicine, Shanghai, China. After patient consent was
obtained, we collected demographic information, study
participants were instructed in diary completion, and the
details were collected at 1-, 3-, 6- and 9-month as long-
term follow-up by a researcher.

The participants of this study were infants (aged less
than 6 months) exhibiting proliferating superficial IHs.
Participants had to meet the following criteria: (I) children
with a confirmed diagnosis of superficial IHs in line with the
International Society for the Study of Vascular Anomalies
(ISSVA) classification and nomenclature criteria, identified
by strawberry-like erythema on the skin surface with no
apparent underlying cyanosis; (II) children who had a single
hemangioma in the proliferative phase (i.e., child <6 months
and the tumor was still exhibiting significant recent growth)
with no restrictions on the child’s gender; and (III) parents
who were fully aware that this was a clinical trial and
willingly signed the informed consent as legal guardians,
promising to cooperate with the follow-up examinations
within the specified timeframe. Infants were excluded if
they were (I) older than 6 months and their hemangioma
had ceased to proliferate; (II) being treated with other
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Figure 1 Flowchart outlining participant selection and allocation.

medications; (III) having local ulcers, infections, or eczema
that could interfere with the use of topical medications; (IV)
experiencing severe congenital diseases such as congenital
heart disease and asthma; and (V) participating in other
clinical studies.

Intervention

A topical Tanshinone ointment was applied 3 times daily
on the lesions of the children, ensuring an interval of
6-8 hours between applications. Parents were trained to
apply a thin layer of the ointment onto the surface of the red
tumor (sufficient to cover the lesion) and observe for at least
10 minutes to ensure absorption and prevent the ointment
from being wiped off by clothes. The previous layer of
the ointment had to be cleaned off before reapplication
to prevent accumulation and any potential impact on
absorption. The follow-ups were scheduled at the outpatient
department at intervals of 1-, 3-; and 6-month, along with a
total follow-up duration of 9 months. Family members were
guided to capture weekly photographs for observation.

Outcomes

The main goal of the treatment is to decrease cosmetic
impairment caused by IHs. Therefore, response to treatment
was mainly assessed according to cosmetic improvement by
the skin erythema index using SkinColorCatch (previously
named Dermacatch; Delfin, Kuopio, Finland) (14) before
and after treatment. The Achauer score (15) was evaluated
by another two independent physicians after reviewing all
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clinical photographs of IHs at baseline and after the full
course of treatment. All outcomes were assessed at baseline
and at 1, 3, and 6 months. The parental satisfaction was
evaluated with an assessment score range from 1 to 5, with
5 meaning very satisfactory, and 1 meaning unsatisfactory.
Safety analysis primarily emphasized on the incidence of
skin local adverse events. The researchers evaluated adverse
events in every follow-up and questionnaires were answered
by parents of the participants at the end of the long-term
follow-up together.

Statistical analyses

Data with normal distribution were expressed as mean
+ standard deviation (SD), whereas those with skewed
distribution were presented as median (interquartile range).
Differences in parameters before and after treatment were
analyzed using the paired 7-test. Comparisons of categorical
variables between groups were carried out using McNemar’s
chi-square test. All statistical analyses were performed using
the software SPSS 28.0 IBM Corp., Armonk, NY, USA).
A two-sided P value <0.05 was considered statistically
significant.

Results

A total of 36 patients underwent the screening process;
two patients did not meet the inclusion criteria, and
five participants failed to continue the intervention on the
first follow-up of the study. Consequently, 29 participants
completed the study (Figure I). The individual characteristics of
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Table 1 Clinical characteristics of 29 patients

No. Gender" Age (days) Lesion site e?yz::zlrir:]ae i?wlt(jiZX Satisf:(;tr:)r;;):etr:’te;tment Adverse effects
1 Female 37 Left face 579 3 Eczema
2 Female 51 Ear 593 5 Dry skin
3 Female 48 Right thoracic wall 586 5 -

4 Male 60 Finger 585 5 -

5 Male 50 Anterior chest 559 5 -

6 Female 57 Right neck 568 5 -

7 Female 68 Scalp 503 5 -

8 Male 145 Left knee 526 3 -

9 Female 78 Scalp 555 5 -

10 Female 118 Left thoracic wall 604 5 -

11 Female 120 Right eyebrow 566 5 -

12 Female 123 Right thoracic wall 571 5 -

13 Female 44 Right neck 516 4 -

14 Male 136 Right shoulder 553 5 -

15 Female 137 Buttock 575 5 -

16 Female 43 Back 591 5 -

17 Female 88 Axillary 579 5 Dry skin
18 Female 36 Scalp 506 5 -

19 Female 34 Finger 618 5 -

20 Male 99 Back 597 5 -

21 Female 108 Right chest 593 5 -

22 Female 45 Abdomen 591 4 Dry skin
23 Male 61 Right knee 569 5 -

24 Female 36 Frontal part 599 3 -

25 Female 64 Right waist 551 5 -

26 Female 60 Right forearm 532 4 -

27 Male 33 Left face 566 5 -

28 Female 47 Abdomen 560 5 -

29 Female 63 Right calf 546 5 -

', gender: males or females; ¥, satisfaction of parents: total score of 5 represents great satisfaction, 1 represents not satisfied at all.

each participant are detailed in 7able 1. At baseline, 7 males displayed in 7able 2.
and 22 females participated in the study. Their mean age on
enrollment was 60 days (SD: 60 days; interquartile range, . .
45-99 days). The hemangioma locations included across Efficacy assessments of Tanshinone ointment

the trunk (44.8%), head (34.5%), and limbs (20.7%), as The skin erythema index was significantly decreased
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Table 2 Baseline characteristics and demographics

Characteristics Total (n=29)
Males 7 (24.14)
Age (days) 60 [45, 99]
Position
Head face neck
Scalp 3(10.34)
Forehead 1(3.45)
Glabella 1(3.45)
Face 2 (6.90)
Neck 2 (6.90)
Ear 1(3.45)
Trunk
Shoulder 1(3.45)
Axilla 1(3.45)
Back 2 (6.90)
Chest 5(17.24)
Waist 1(3.45)
Abdomen 2 (6.90)
Hip 1(3.45)
Limbs
Knee 2 (6.90)
Calf 1(3.45)
Forearm 1(3.45)
Palm 2 (6.90)

Data are presented as n (%) or median [interquartile range].

after treatment, which was 566.79+854.67 at baseline (vs.
419.76+328.4 for normal skin), 552.52+645.62 at 1 month
of treatment, 513.93+£709.42 at 3 months of treatment,
and 467.97£1,118.39 at 6 months of treatment (Figure 2).
Compared with the baseline, all P values were less than
0.05. However, the skin erythema index at 6 months was
still significantly higher than that of normal skin (P<0.001,
Table 3).

After 6 months of treatment, 96.55% (n=28) of children
had Achauer score improvement higher than 25% and 15
(51.72%) had Achauer score improvement higher than
50%. At 9 months after treatment, 27 (93.10%) children
had an Achauer score improvement higher than 75%. A
case of IHs before and after treatment with Tanshinone

© Translational Pediatrics. All rights reserved.

141

€ 80

[

% 60 -

% 40 N I{ ki

E 20 ormal skin

o

g 09

s 20 $

8 _a0

§ -0 t

8 80

2 -100 }

g

O -120 T T T T
1-month 3-month 6-month 6-month*

Time from baseline, months

Figure 2 Changes in the skin erythema index from baseline to
1-, 3-, and 6-month after treatment compared with normal skin
(changes in the skin erythema index from baseline to 6-month).
The error bars represent for the 95% confidence intervals and the
dots indicates for the estimated mean changes in the skin erythema
index. *, the normal skin was selected from the normal skin of same

person as reference value.

ointment is shown in Figure 3. During 6 months of
treatment, 27 (93.10%) parents expressed their satisfaction
with a satisfactory score of 5, indicative of high levels of
satisfaction.

Adverse events

Reported adverse events included one case of eczema and
three cases of dry skin recorded by observers on follow-up;
no other self-reported adverse events were documented.

Discussion
Key findings

This study proposed a potential new drug to treatment
for IHs. We evaluated the efficacy and safety of topical
Tanshinone on superficial IHs and found that the skin
erythema index was significantly decreased and the
satisfaction of the parents was relatively high. Few adverse
effects were reported.

Limitations

There are several limitations of this study should be
acknowledged. Given that this is a pilot study, the sample
size is small. We only aimed to evaluate the potential
safety and efficacy of Tanshinone. Further larger-scale,
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Table 3 Efficacy of tropical Tanshinone ointment treatment

Huang et al. Tanshinone compounds for IHs

Outcomes Effects P value Reference
Skin erythema index
Baseline 566.79+854.67 - -
1-month treatment 552.52+645.62 0.0013 vs. baseline
3-month treatment 513.93+709.42 <0.001 vs. baseline
6-month treatment 467.97+1,118.39 <0.001 vs. baseline
Normal skin 419.76+328.4 <0.001 vs. 6-month

Achauer score at 6-month (n=29)

0-25% 1(3.45) - -

26-50% 13 (44.83) - -

51-75% 15 (51.72) - -
Achauer score at 9-month follow-up (n=29)

51-75% 2 (6.90) - -

76-100% 27 (93.10) - -
Follow-up status (n=29)

Dose addition 1(3.45) - _

Operation 2 (6.90) - -

Medication change 2 (6.90) - -
Parents’ satisfaction of treatment’ (n=29)

3 3(10.34) - -

4 3(10.34) - _

5 23 (79.31) - -
Adverse effects (n=4)

Eczema 1 (25.00) - -

Dry skin 3 (75.00) - -

Data are presented as mean + SD or n (%). ', satisfaction of parents: total score of 5 represents very satisfied, 1 represents not satisfied at

all. SD, standard deviation.

randomized controlled clinical trial research should be
conducted to confirm the efficacy and safety of Tanshinone.
Additionally, as the study was conducted in a single center,
the results may not be universally applicable to other
populations. We only included the superficial IHs and
the patients ages were within 6 months. Further study is
warranted to evaluate the efficacy and safety of topical
"Tanshinone on other types of IHs.

Comparison with similar studies

Non-selective beta blocker has been proved by the Food
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and Drug Administration (FDA) as the first-line agent for
IHs with dramatic response. To reduce the side effects
caused by systemic administration of propranolol, timolol
maleate treatment has been increasingly used as an
alternative to systemic beta blockers and watchful waiting
for many IH patients in recent years. Topical timolol
maleate 0.5% ointment with a maximum dose of 0.5 mg
per day is a safe and effective option for small superficial
lesions (16,17). A large cohort study demonstrated that
some children who do not receive treatment are at risk for
changes that require early intervention. The treatment
paradigm for hemangiomas should be changed (18). Our
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Figure 3 The process of skin changes of a case aged 34 days with IHs on the fingers during the 6-month treatment. (A) IHs of a patients
aged 34 days with the skin erythema index of 618; (B) 1 month after tropical Tanshinone ointment with the skin erythema index of 607; (C)

3 months after Tanshinone ointment treatment with the skin erythema index of 583; (D) 6 months after the tropical Tanshinone ointment

treatment with the skin erythema index of 477; (E) long-term follow-up (9-month after treatment) with the skin erythema index of 409. IHs,

infantile hemangiomas.

study firstly applied topical use of Tanshinone in treating
superficial IHs, which can be rendered as an innovation.

Explanations of findings

The therapeutic evaluation of this study combines both
subjective scores and the objective erythema index. The
results indicate that the topical application of Tanshin
extract can control hemangioma growth at an early stage,
promoting regression and preventing complications in
certain children. We assume that the treatment was more
effective on lesions located on the palm and between the
fingers, yet less effective on the face, forehead, and scalp,
possibly due to the local retention of the drug. But the
hypothesis was only based on the subjective feelings of the
observers, which are not statistically significant, and will
be further verified when the sample is expanded. Parents
expressed high satisfaction with the treatment, particularly
with its long-term effects. Hemangiomas affecting
cosmetic areas can induce negative emotions, such as
anxiety and low self-esteem in parents and children,

© Translational Pediatrics. All rights reserved.

thereby accentuating the importance of psychological
factors in the treatment of IHs (19). Timely topical drug
use can prevent overtreatment driven by anxiety. The
drawbacks of this study include the lack of a control group
and limited case number, emphasizing that this was only a
pilot study.

In the early laboratory work with Tanshinone extracts,
we discovered that eight Tanshinone monomers could
significantly inhibit the proliferation of hemangiomas.
Cytological and animal experiments showed that the
potency of dihydrotanshinone I (DHTS) was 20 times
that of propranolol, and that it differs from the possible
mechanism of propranolol (20). We discovered for the first
time that a series of Tanshinone compounds isolated from
the fat-soluble extract of Tanshin (Tanshinone extract)
have a significant inhibitory impact on the proliferation of
hemangioma cells (positive control: propranolol). DHTS
had the most substantial effect, significantly superior to the
inhibitory effect of the control propranolol on hemangioma
cells. Investigation of the action mechanism revealed that
Tanshinone extract significantly promotes hemangioma cell
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apoptosis, which is time- and concentration-dependent. The
results of western blot and tube formation demonstrated
that Tanshinone extract acted on hemangioma cells through
the FAS/FASL and mitochondrial pathways simultaneously,
inducing apoptosis and inhibiting the angiogenesis process
of the hemangioma endothelium (12). In order to explore
the potential mechanism of DHTS, our results suggest that
DHTS downregulates HIF-1a expression by interfering
with its post-transcriptional processing, and that the RNA-
binding protein HuR is involved in this mechanism (13).
Our findings provide a theoretical basis for the clinical
translation of DHTS and insight into the pathogenic
mechanism of IHs.

Thus, in order to develop an original treatment of
IHs, we attempted to administer Tanshin extract, in the
form of a Tanshinone topical preparation. Conventional
treatment options for IHs, such as surgical resection or laser
treatment, have notable limitations. Topical medication
for hemangioma is currently becoming the first line of
treatment in superficial IHs (6,9,16,17). Reported local
adverse reactions include erythema, peeling, ulceration,
crusting, and superficial scars. If these are administered
topically on mucosal surfaces, thinner skin, or the ulcerated
area of hemangioma, it may amplify the systemic absorption
of the drug, potentially inducing systemic adverse reactions
such as decreased heart rate, hypotension, allergies,
diarrhea, vomiting, and hypoglycemia (8,10). Given this
backdrop, our team began with a topical Tanshinone
preparation focused on treating local lesions, accelerating
hemangioma resolution effectively, and avoiding systemic
side effects. In comparison to timolol and carteolol eye
drops, it may offer convenient administration, establishing
itself as a safe and well-tolerated innovative clinical method.

Implications and actions needed

Considering the discrepancy between the clinical effects
and laboratory conclusions, which could be attributed to
variations in cell line characteristics and drug dosage forms,
further refinement is required. Improvements in the topical
preparations, such as enhanced formulation, increased drug
concentration, and improved transdermal properties, will be
the focus of subsequent research.

Conclusions

The pilot study indicated that in certain cases, topical use
of Tanshinone compounds might control the growth of
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superficial IHs and promote lesion regression at an early
stage with few complications. Topical use of Tanshinone
compounds might be a potentially effective and noninvasive
therapy in treating IHs. A multi-centered randomized
controlled clinical trial is needed to further evaluate the
safety and efficacy of the therapy in a larger scale.
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