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Background: Acne is a chronic inflammatory disease of the pilosebaceous unit. Improper treatment of acne can lead to skin lesions in
some people. Acne hypertrophic scar is relatively rare, but it significantly affects the appearance and beauty, and usually has a great
psychological and social impact on patients.

Objective: To evaluate the clinical efficacy and safety of 5-aminolevulinic acid photodynamic therapy (ALA-PDT) combined with
S-fluorouracil (5-FU) injection and triamcinolone acetonide (TAC) solution in the treatment of acne hypertrophic scars.

Methods: This article included 13 outpatients with acne accompanied by acne hypertrophic scar who were treated from
September 2018 to September 2022. All patients received ALA-PDT combined with intralesional injection of 5-FU and TAC. At
first, patients received ALA-PDT once every two weeks. After the third ALA-PDT, 5-FU and TAC were mixed in a ratio of 3:7, and
then immediately injected in the local scars. The effect was observed after 1 month. If the effect is not obvious, a further injection of
5-FU and TAC to the lesion is necessary. The patients were followed up for 6 months. The Vancouver Scars Scale (VSS) was used to
evaluate the efficacy before and after treatment and photos of patients were collected.

Results: After ALA-PDT combined with intralesional 5-FU and TAC, all patients achieved good clinical efficacy. 23.08% of patients
received one local injection and 76.92% received two local injections. After treatment, the scar lesions were reduced and flattened, and
the scars became soft. The total score of VSS after treatment was significantly lower than before, and the difference was statistically
significant (P<0.05). The main adverse reactions were pain, erythema, and pigmentation, which can subside within 3 weeks. There was
no recurrence after 6 months of follow-up.

Conclusion: ALA-PDT combined with intralesional injection of 5-FU and TAC significantly affects acne hypertrophic scars, which is
worthy of further in-depth and large-scale research.
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Introduction

Acne scar occurs in the healing process of active acne, which can be caused by various types of acne, from papules,
pustules, and comedones to nodular cystic acne.' The distribution is associated with predilection sites for acne, such as
the face, back, and chest.®> The incidence of acne scars is related to the early control of acne, body mass index, gender,
family history of severe acne, scratching, and so on. Acne scars can be divided into three main types: atrophic,
hypertrophic, and keloid.> There are a number of strategies for acne hypertrophic scar, including laser treatment,
cryotherapy, intralesional drug injections, surgery, and so on.* Among them, intralesional injection of drugs such as
corticosteroids combined with 5-fluorouracil has become an effective treatment for acne hypertrophic scars. ALA-PDT
has been widely used and rapidly developed in dermatology. However, ALA is limited in how deep it can penetrate the
skin, so it is limited in treating deeper lesions.” Acne hypertrophic scar is mainly related to the accumulation of collagen
fibers in the dermis.® The effect of ALA-PDT alone on acne hypertrophic scar is not good, and there is a certain degree of
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recurrence rate.” Therefore, ALA-PDT alone is rarely used clinically to treat acne hypertrophic scars. However, PDT can
improve the vascular composition of scars by targeting the microvessels on the lesions and reducing the erythema, height,
and stiffness caused by the proliferation of capillaries in hypertrophic scar.”® It has also been reported that the effect of
laser on the skin can reduce the side effects caused by intralesional injection, such as improving the telangiectasia caused
by intralesional injection of steroids.” Therefore, we tried to combine ALA-PDT with intralesional injection of drugs to
treat acne hypertrophic scars. In this article, we explored the clinical efficacy and safety of ALA-PDT combined with
intralesional injection of 5-FU and TAC in the treatment of hypertrophic acne scar. The purpose of this study is to explore
a more effective and safer treatment for acne hypertrophic scar and provide evidence support for its promotion.

Patients and Methods

General Information

We retrospectively collected a case series of 13 patients with hypertrophic acne scar diagnosed clinically in the outpatient
clinic of the Department of Dermato-venereology, the Second Hospital of Shandong University, from 2018 to 2022. Sex,
age, disease course, and the information about skin lesions of patients were recorded. Exclusion criteria included patients
who had received scars treatment within the past 6 months, had any history of kidney disease or changes in liver enzyme
or white blood cell counts, and women who were pregnant, nursing, or planning to become pregnant in the near future.
Clinical information was obtained from medical records and clinical follow-ups. The study was approved by the Ethics
Committee of the Second Hospital of Shandong University (Ethics No. KYLL-2022LW155).

Methods

ALA was diluted to a concentration of 5% and applied to the overall area with acne and hypertrophic scars in patients.
The face was sealed with plastic wrap and a shading mask to prevent the solution from volatilizing and protected from
light for 2 hours. The 633 nm LED red light was used to irradiate the skin covered by the drug for 20 minutes. The
radiation energy is different for each patient. The conventional starting energy is 60J/cm2, and the irradiation time is
generally 20 minutes. During this process, the operator can adjust the energy according to the patient’s response. For
example, if the patient cannot tolerate it, the radiation energy can be reduced. If the patient’s pain is unbearable, it can be
divided into two steps, that is, each down 10% of the energy density, the lighting time is extended by 5 minutes, or
40mw/cm2, lighting for 5 minutes, and then 80mw/cm2, lighting for 20 minutes. The irradiation distance was 10 cm.
Once every two weeks, twice in total. 4 weeks later, 5-FU injection and TAC solution diluted in a ratio of 3:7 were
injected into the hypertrophic scars immediately after the third ALA-PDT. The curative effect was observed after 1
month. If the effect was not obvious, another intralesional injection of 5-FU and TAC was performed. And the evaluation
was conducted after 6 months. The Vancouver Scars Scale (VSS) (Table 1) includes four evaluation criteria: pigmenta-
tion, height, vascularity, and pliability. The VSS was used to evaluate the curative effect of left and right face
respectively. The mean VSS score was used to independently assess acne hypertrophic scar in all patients before and
after treatment. The data collected were statistically analyzed using SPSS (version 27.0; IBM SPSS Inc, Armonk, NY,
USA). The threshold for the statistical significance was set at p < 0.05.

Follow-Up
Follow-up for at least 6 months after the last treatment was conducted by combining outpatient visits with WeChat and
telephone interviews.

Results

Our study included 13 patients, 3 women and 10 men, aged 19-28 (mean 22.92) years. The basic clinical information of
patients is listed in Table 2. The clinical characteristics of the patients were analyzed in Table 3. 23.08% of patients
received one intralesional injection and 76.92% received two intralesional injections. Patient 2 only had acne scar lesions
on the right cheek. All patients were scored on the left and right cheek respectively. The score of the VSS before and after
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Table | The Vancouver Scars Scale (VSS)

Characteristic Score

Pigmentation Darker color

Mixed color

Lighter color

Normal skin color (the scar color is similar to the skin color of normal parts of the body)
Height >4mm

2~4mm

|~<2mm

<Imm

Smooth

Vascularity Purple

Red

Pink

Normal skin color (the scar color is similar to the skin color of normal parts of the body)
Pliability Contracted (permanent shortening of the scar leads to deformity and distortion)

Curving (the tissue is rope-like, and the scar shrinks as it stretches)

Hard (it can not be deformed, it is blocky when moving, and it has resistance to pressure)
Pliant (deformable under pressure)

Soft (deform with minimal resistance)

O — N W A U1 O — N WO — N W hHNO— DN W

Normal

Table 2 Clinical Data of Patients with Hypertrophic Acne Scar

Patients | Sex | Age Acne Acne Hypertrophic | Number of
No. (Years) | Duration | Scars Duration Intralesional 5-FU
(Years) (Months) and TAC Injection
| M 22 6 4 |
2 F 26 3 7 2
3 M 28 10 12 2
4 M 21 4 14 |
5 M 25 6 12 2
6 M 23 3 2 2
7 M 27 8 6 2
8 F 20 3 6 2
9 M 24 7 12 2
10 M 19 2 4 2
I M 21 6 18 2
12 F 22 4 12 I
13 M 20 3 6 2

Abbreviations: F, female; M, male; 5-FU, 5-fluorouracil; TAC, triamcinolone.

treatment is shown in Table 4. The mean VSS score before treatment was 10.56, but the mean VSS score decreased to
2.60 after treatment.

Paired #-test was performed on the sum of VSS scores of patients before and after treatment (Table 5), and it was
found that there was statistical significance before and after treatment (P<0.05). As shown in Figures 1-4, compared with
before, scars lesions became smaller and flatter, scars became softer and erythema became lighter after ALA-PDT
combined with intralesional injection of 5-FU and TAC.

All treatments were well tolerated. Some patients have various degrees of erythema and moderate pain during
treatment with ALA-PDT, which can be tolerated. Any adverse reactions were not observed in all patients treated with
intralesional injection. At the later follow-up, most patients had no obvious feelings or external manifestations. Only
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Table 3 Analysis of Clinical Features of 8 Cases of
Hypertrophic Acne Scar

Characteristics Results
Number of patients 13
Gender

Male 10(76.92)

Female 3(23.08)
Age, years 22.92+2.87
Acne duration, years 5.00+2.38
Acne hyperplastic scars duration, months 8.85+4.76
Number of intralesional 5-FU and TAC injections

Two times 10(76.92)

One time 3(23.08)

Note: n (%), mean * SD.

a few patients developed pigmentation after the third ALA-PDT treatment, which subsided about 3 months later. All

patients had no recurrence of scars and no new scars at 6 months after treatment.

Discussion

The formation of acne hypertrophic scars is mainly related to the disorder of dermal collagen fibers, excessive
proliferation of fibroblasts, and excessive deposition of collagen.® The current treatment methods mainly include
intralesional injection of corticosteroid, scars revision, cryotherapy, radiotherapy, laser therapy and intralesional injection
of 5-FU. Nevertheless, treatment outcomes and recurrence rates are unsatisfactory.’

PDT has been shown to be an effective treatment for acne. It can be used for mild to severe inflammatory and cystic acne
and is suitable for various skin types.'® The mechanism of PDT is that a series of photochemical toxic effects occur in the
target tissue under the excitation of specific wavelengths of light by photosensitizers, inducing the apoptosis of inflammatory
cells, regulating the local immune state, and thus causing the damage and death of the target tissue. It has the advantages of
good efficacy, small trauma, high safety, and so on.'""'? In vitro studies have shown that fibroblasts exposed to PDT have
reduced expression of type 1 collagen mRNA 1761 and TGF-8, as well as decreased proliferation and mobility, which
supports the mechanism of PDT in the treatment of hypertrophic scar.'® Clinical trials have also shown that PDT can improve
hypertrophic scar.'* Preclinical studies have shown that PDT affects the histopathological features of both hypertrophic scar,
excessive fibroblast proliferation, and collagen accumulation. However, due to the limited penetration of photosensitizers, the
efficacy of PDT alone for acne hypertrophic scar is not good. Especially for scar with a depth of more than 3mm, the
therapeutic effect may be poor.'> 5-FU induces the proliferation of fibroblast by influencing antimetabolic activity.'®'” Since
its introduction, corticosteroids, especially TAC, have been considered the most widespread and efficient treatment owing to
their low recurrence rate and non-invasiveness.'®'? Clinical studies have revealed that compared with the application of
steroids alone or 5-FU alone, the combination of 5-FU and TAC has a clear and lasting effect in reducing the clinical
symptoms and appearance of scar.'"'® This may be related to the combination of TAC and 5-FU induced cell cycle arrest in
G2 phase, down-regulated the expression of VEGF and inhibited the synthesis of COL-1 and MMP2.'® In the literature,'® '
the combined treatment of intralesional injection of 5-FU and TAC generally requires once a week for a total of 8 times, only
in this way can a better therapeutic effect be obtained. Our patients had a significant improvement after combined
intralesional injection of 5-FU and TAC 2 times on the basis of ALA-PDT treatment. This combination therapy reduced
the total number of injections. This can not only reduce the pain caused by each injection but also reduce the side effects
caused by the injection of drugs. Although the combined injection of 5-FU and TAC has reduced the symptoms of adjacent
skin atrophy and pigmentation caused by the use of TAC alone, as well as the symptoms of erythema and ulcer caused by the
use of 5-FU alone, the increase in the number of injections will lead to an increased risk of these side effects.'® Therefore, in
our reported cases, the combined treatment of ALA-PDT combined with intralesional injection of 5-FU and TAC can not
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Table 4 VSS Before and After Treatment

Patients no. Before Treatment After Treatment
Pigmentation Height Vascularity Pliability Total Pigmentation Height Vascularity Pliability Total
Pt | Left cheek 2 3 2 4 I [ 0 | | 3
Right cheek 2 3 2 4 I [ | | | 4
Pt 2 Left cheek / / / / / / / / / /
Right cheek 2 2 2 3 9 | | | | 4
Pt 3 Left cheek 2 3 2 4 I [ | | | 4
Right cheek 2 2 2 2 8 | 0 | | 3
Pt 4 Left cheek 2 3 2 3 10 0 | 0 | 2
Right cheek 3 3 2 3 I 0 0 | 0 [
) Left cheek 2 2 2 4 10 | 0 0 | 2
Right cheek 2 3 2 4 I | 0 0 0 [
Pt 6 Left cheek 3 3 2 3 I | 0 | 0 2
Right cheek 3 2 2 2 9 [ 0 | | 3
Pt 7 Left cheek 2 3 2 3 10 [ 0 | I 3
Right cheek 3 4 3 4 14 [ 0 | | 3
Pt 8 Left cheek 3 3 2 3 I | | 0 0 2
Right cheek 3 2 2 3 10 | 0 | | 3
Pt 9 Left cheek 3 4 3 3 13 | | | | 4
Right cheek 3 3 2 2 10 | 0 | | 3
Pc 10 Left cheek 3 3 2 3 I | | | | 4
Right cheek 2 3 2 2 9 0 | 0 | 2
Pe Il Left cheek 3 4 2 4 13 | 0 | | 3
Right cheek 2 3 3 3 I | 0 | 0 2
Pc 12 Left cheek 2 3 3 3 I 0 0 | 0 |
Right cheek 2 3 2 2 9 [ 0 0 | 2
Pt I3 Left cheek 2 3 2 3 10 0 | 0 | 2
Right cheek 3 2 2 3 10 | 0 | 0 2

aro(q
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Table 5 t-test of the Total Score of VSS Before and After Treatment

Mean * SD d and 95% CI t-test
t p
Before treatment 10.56+1.36 7.96 25.393 <0.001
After treatment 2.60+0.96 7.31-8.61

only enhance the efficacy in the case of the same number of injections but also effectively improve the skin lesions of patients
with acne and reduce the occurrence of scar.

The 13 cases we reported were all acne patients with hypertrophic scar. Before the injection of 5-FU and TAC into the
scars lesions, the patients were treated with 3 times of ALA-PDT. The concentration of ALA was 5%, and the low
concentration reduced the irritation to the skin and reduced the economic burden of the patients. In the course of
treatment, it was found that ALA-PDT was effective for acne hypertrophic scar while improving acne. However, ALA-
PDT alone was slower in treating scar, so we injected 5-FU injection and TAC solution diluted in a ratio of 3: 7 into the
lesions after the third photodynamic therapy. This can not only shorten the course of disease but also increase the efficacy
and achieve good cosmetic results. After 3 times of ALA-PDT and 1 time of intralesional injection, the scars lesions were
smaller and softer than before. However, most patients have more hypertrophic scars or have higher requirements for the
recovery of facial skin lesions. Therefore, 1 month after the first intralesional injection, some patients were given

Figure | Comparison of the cases in combination therapy before and after treatment in Pt 4. (a) Lesion before treatment. (b) Lesion after three ALA-PDT combined with
one intralesional injection treatment.

Figure 2 Comparison of the cases in combination therapy before and after treatment in Pt 6. (a) Lesion before treatment. (b) Lesion after three ALA-PDT combined with
two intralesional injection treatments.
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Figure 3 Comparison of the cases in combination therapy before and after treatment in Pt 7. (a) Lesion before treatment. (b) Lesion after three ALA-PDT combined with
two intralesional injection treatments.

Figure 4 Comparison of the cases in combination therapy before and after treatment in Pt |3. (a) Lesion before treatment. (b) Lesion after three ALA-PDT combined with
two intralesional injection treatments.

the second intralesional injection of 5-FU and TAC. After treatment, the VSS scores of 13 patients were less than 4
points, and the patients were satisfied with the therapeutic effect. The lesions of the 13 cases reported in this article were
located in important areas requiring high aesthetic requirements, which was extremely challenging, so we used
combination therapy. All patients in this study were able to live and work as usual after combined treatment.

Conclusion

In summary, ALA-PDT combined with intralesional injection of 5-FU and TAC has a significant therapeutic effect on
acne hypertrophic scar while controlling acne. The adverse reactions during the treatment subsided naturally within 3
weeks, and these were tolerable to the patients. During the follow-up of 13 cases, no recurrence of acne hypertrophic scar
was found, and the smoothness and fineness of the skin were significantly improved compared with those treatment
before. Therefore, this study provides a new effective and safe treatment for patients with acne scar, especially those with
acne. However, further studies, such as clinical controlled trials, are needed to evaluate the efficacy and recurrence of
combined therapy in patients with longer follow-up periods and to compare the efficacy with patients receiving other
treatments.

Ethics and Dissemination

This study complies with the Declaration of Helsinki. All patients provided written informed consent for publication of
this study and accompanying images. The study was approved by the Ethics Committee of the Second Hospital of
Shandong University (Ethics No. KYLL-2022LW155).
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