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Abstract
Acne is one of the most common skin conditions in the world. A number of studies have shown that photodynamic therapy (PDT) is safe and effec-
tive for both inflammatory and non-inflammatory acne and can significantly improve skin conditions in this disease. The effectiveness of PDT against 
acne is mainly due to a decrease in the amount of sebum produced by the sebaceous glands due to a decrease in their activity as a result of direct 
photodynamic damage to the sebaceous glands, eradication of Cutibacterium acnes, and a decrease in the level of hyperkeratosis. Compared with 
systemic drug therapy, PDT treatment of severe acne has the following advantages: fast results, high efficiency, high selectivity, no systemic adverse 
reactions and drug resistance, and low recurrence rate. Most often for PDT in patients with acne, drugs based on 5-aminolevulinic acid (5-ALA) and its 
methyl ester (ME-ALA) are used. At the moment, there are no unified recommendations on PDT regimens for the treatment of this skin pathology. Vari-
ous studies demonstrate the high efficiency of PDT with a wide range of doses of 5-ALA (3-20%) and ME-ALA (4-16%), light doses (15-120 J/cm2), and 
exposure time (30-90 min). The general trend in studies by different authors is that gentle low-intensity PDT regimens for acne demonstrate the same 
high efficiency with a significant reduction in pain during irradiation and local skin reactions (erythrema, edema, and hyperpigmentation).
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Резюме
Акне – одна из самых распространенных в мире кожных патологий. Ряд исследований показал, что фотодинамическая терапия (ФДТ) 
безопасна и эффективна при воспалительной и невоспалительной форме акне и может значительно улучшить состояние кожи при 
этом заболевании. Эффективность ФДТ против акне в основном обусловлена уменьшением количества кожного сала, вырабатыва-
емого сальными железам, за счет снижения их активности в результате прямого фотодинамического повреждения сальных желез, 
эрадикацией Cutibacterium acnes и снижением уровня гиперкератоза. По сравнению с системной медикаментозной терапией лечение 
тяжелой формы акне методом ФДТ имеет следующие преимущества: быстрый результат, высокая эффективность, высокая селектив-
ность, отсутствие системных побочных реакций и лекарственной устойчивости, низкая частота рецидивов. Наиболее часто для ФДТ 
у больных акне применяют препараты на основе 5-аминолевулиновой кислоты (5-АЛК) и ее метилового эфира (МЭ-АЛК). На дан-
ный момент не существует единых рекомендаций по режимам ФДТ для лечения данной кожной патологии. Различные исследования 
демонстрируют высокую эффективность ФДТ с широким диапазоном доз 5-АЛК (3-20%) и МЭ-АЛК (4-16%), световых доз (15-120 Дж/
см2) и времени облучения (30-90 мин). Общая тенденция в исследованиях разных авторов сводится к тому, что щадящие низкоинтен-
сивные режимы ФДТ при акне демонстрируют такую же высокую эффективность при значительном снижении болевых ощущений в 
процессе облучения и местных кожных реакций (эритрема, отек, гиперпигментация).

Ключевые слова: фотодинамическая терапия, акне, 5-аминолевулиновая кислота, метиловый эфир 5-аминолевулиновой кислоты.
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Acne (acne vulgaris) is a chronic inflammatory skin 
disease characterized by overgrowth of the microorgan-
ism Cutibacterium acnes, formerly known as Propioni-
bacterium acnes, in the sebaceous glands [1].

Epidemiology
Acne affects approximately 600 million people world-

wide every year, making it the eighth most common skin 
disease in the world [1]. Acne occurs in 70-75% of prepu-
bertal children up to 12 years of age (usually at 9-11 years 
of age). Up to 80-85% of teenagers and young adults 
suffer from acne. In older age groups, the percentage 
decreases, but still, almost one in ten adults over 25 suf-
fers from acne [2]. Although acne is not a life-threatening 
disease, serious psychological consequences have been 
reported in various studies in patients, which can affect 
sociability, cause phobias, and lead to depressive symp-
toms [1].

Etiology and pathogenesis
Acne can occur against the background of seborrhea, 

which is characterized by a change in the chemical com-
position of sebum and increased secretion of sebum by 
the sebaceous glands. As a result, acne occurs in areas 
of the skin that are richest in sebaceous glands [2]. Acne 
pathogenesis involves four main mechanisms: follicular 
hyperkeratosis (epithelial proliferation with thickening 
of the stratum corneum of the sebaceous gland chan-
nels), increased secretion of sebum, C. acnes coloniza-
tion, and localized inflammation [3]. It is believed that 
it is the colonization of C. acnes that plays a key role in 
the development of acne [3]. C. acnes is a Gram-positive, 
anaerobic, slow growing bacterium that metabolizes 
triglycerides and produces cytokines that induce inflam-
matory responses [3,4].

Classification
According to the ICD-10 classification, the following 

types of acne are distinguished: L.70.0 Acne vulgaris; 
L.70.1 Acne globose; L.70.2 Smallpox acne; L.70.3 Tropi-
cal eels; L.70.4 Children acne: L.70.5 Excoriated acne; 
L.70.8 Other acne and L.70.9 Acne unspecified. There is 
also a classification of acne vulgaris according to the type 
of lesions: 1. Non-inflammatory acne: closed and open 
comedones; 2. Inflammatory acne (superficial: papu-
lopustular; deep: indurative, conglobate; complicated: 
nodular cystic, abscessing, phlegmonous, keloid, scar-
ring, complicated by sinus tracts) [2].

The Leeds acne severity score takes into account acne 
lesions on the face, back, and chest and classifies them as 
inflammatory or non-inflammatory. Leeds scores range 
from 0 (least severe) to 10 (most severe). There are modi-
fied Leeds scales, the maximum score for which is 12 
[5,6]. The Pillsbury Acne Rating Scale ranks acne severity 
from 1 (least severe) to 4 (most severe) [7,8].

Acne therapy
Traditional acne therapy includes topical and sys-

temic antibiotics, such as tetracyclines and isotretinoin, 
as well as retinoids [1]. The use of antibiotics is signifi-
cantly limited by the growth of antibiotic resistance in C. 
acnes, and the use of retinoids is limited by their serious 
side effects associated with teratogenicity, spontane-
ous abortion, skin irritation, cheilitis, photosensitivity, 
arthralgia, hypertriglyceridemia, inflammatory bowel 
disease, pancreatitis, and depression [3,9]. Acne therapy 
is very long. Thus, according to Cunliffe et al., for com-
plete resolution of mild to moderate acne, 3–4 years of 
treatment are required, and in the case of severe acne, 
8–12 years may be required. According to Cunliffe, in 7% 
of patients with disease manifestation in adolescence, 
the manifestations of the disease can last up to 45–50 
years [10]. Long-term use of antibiotics can cause a vari-
ety of side effects, including dysbiosis and an increased 
chance of infection with opportunistic pathogens. Long-
term use of isotretinoin can cause dry skin and mucous 
membranes, increase blood lipid levels, and lead to 
impaired liver function, depression, and suicidal tenden-
cies. In addition, this drug has a teratogenic effect and 
cannot be recommended in women of childbearing age 
[11]. The topical application of these drugs may cause 
skin irritation. It is also important that their use requires 
adherence to a clear regimen of administration, and in 
real clinical practice there is often a violation of the rules 
of admission by the patient. 

Low efficacy, side effects, and duration of treatment 
with antibiotics and retinoids are prerequisites for find-
ing new, safe, and effective ways to treat acne. In this 
context, various safe and effective physiotherapy pro-
cedures are becoming a new trend in the treatment of 
acne. One of the possible alternative methods of treat-
ment can be photodynamic therapy (PDT) [1,11].

PDT in the treatment of acne
PDT is used for various tumor and precancerous skin 

pathologies [12,13,14]. A number of studies have shown 
that PDT is safe and effective in both inflammatory and 
non-inflammatory acne and can significantly improve 
skin conditions in this disease. Moreover, since the reac-
tive oxygen species produced by PDT do not have any 
specific molecular target, PDT makes it possible to easily 
bypass drug resistance in microorganisms, which gives 
this therapy an advantage over antibiotic treatment. 
The effectiveness of PDT against acne is mainly due to 
a decrease in the amount of sebum produced by the 
sebaceous glands due to a decrease in their activity as a 
result of direct photodynamic damage to the sebaceous 
glands, eradication of C. acnes and a decrease in the level 
of hyperkeratosis [1,15].

The first edition of the 2002 European Clinical 
Guidelines for Local PDT contained information on the 
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possibility of using PDT for the treatment of warts and 
acne, with 5-amnolevulinic acid (5-ALA) being listed as 
the most widely used PDT drug. The recommendations 
also contained an indication of the possibility of using 
both coherent and incoherent light sources for PDT [16]. 
By 2008 [17], PDT for the treatment of acne, warts, and 
cutaneous leishmaniasis was rated clinical recommenda-
tion level IB (strength of recommendation B, quality of 
evidence I). In the latest edition of the European Clinical 
Guidelines for Local PDT, severe acne remains indicated 
as an indication for PDT with an IB level [11].

Guo et al., based on almost 20 years of experience in 
the clinical use of PDT for the treatment of severe acne, 
conclude that, compared with systemic drug therapy, 
the treatment of severe acne with PDT has the following 
advantages: fast results, high efficiency, high selectivity, 
no systemic adverse reactions, drug resistance, and low 
recurrence rate [1]. Picone et al. [18] also indicate that the 
undoubted advantage of PDT for the treatment of acne is 
the absence of scars after treatment.

Interestingly, low concentrations of the photosensi-
tizer, short incubation time, and low light doses (about 
13 J/cm2) under blue light irradiation provide short-term 
antimicrobial and immunomodulatory effects, while 
higher light doses (up to 150 J/cm2) of red light addition-
ally cause destruction of the sebaceous glands. An addi-
tional effect of all PDT modes, leading to a decrease in 
follicle obstruction and a decrease in sebum secretion, is 
an increase in epidermal renewal [4].

In recent years, several large clinical studies have 
been conducted on the efficacy and safety of PDT in the 
treatment of acne using 5-ALA and 5-ALA methyl ester 
(ME-ALA) (Table). Even though there were no reports on 
the use of chlorin derivatives for PDT in patients with 
acne in clinical practice, in vitro and in vivo studies using 
chlorins also showed satisfactory results [19]. Phthalocy-
anines, to the best of our knowledge, have not yet been 
investigated for the treatment of this skin pathology.

We searched for published results of studies on the 
clinical efficacy of PDT in acne patients over the past 10 
years using the Pubmed database. We included in the 
analysis only studies conducted with the participation 
of 10 or more patients, in which PDT was performed 
in mono mode using standard sources and irradiation 
modes. Selected clinical cases of interest are further 
described below. The analysis made it possible to iden-
tify 9 studies that present data obtained in total in the 
treatment of 368 patients with acne (Table). Most studies 
have used 5% of 5-ALA as an application for 1-4 hours for 
PDT. In one study, the concentration of 5-ALA was lower 
– 3.6%. Three studies used ME-ALA for PDT at a standard 
concentration of 16% or a lower concentration of 4%. For 
irradiation, red light was most often used. Light doses 
ranged from 15 to 120 J/cm2. All studies have shown an 
overall improvement in acne after PDT.

The main task in the development of the PDT method 
in the field of acne treatment at the moment is the search 
for regimens that reduce pain and the development of 
local reactions in the area of irradiation while maintain-
ing the high treatment efficiency achieved in previous 
studies.

A number of studies demonstrate a significant reduc-
tion in the intensity of pain during an irradiation session 
and other adverse events while maintaining high treat-
ment efficiency during low-intensity PDT. For example, 
in a study by Chen et al., [21] PDT with a light dose of 
120 J/cm2 and a power density of 10 mW/cm2 caused 
significant pain, burning, erythrema, and edema that 
persisted up to 4 days after PDT in 28% of patients and 
temporary pigmentation in 12% of patients. Liu et al. 
[3] reported the development of adverse events (mod-
erate pain, erythrema, and edema lasting up to 5 days) 
in 92% of patients after PDT with a light dose of 127 J/
cm2 and a power density of 105 mW/cm2. In a study by 
Calzavara-Pinton et al. [22], the light dose was reduced to 
37 J/cm2 at a power density of 10 mW/cm2. The authors 
of the study did not report significant pain sensations or 
other adverse events. Only 4% of patients with skin type 
IV developed areas of hyperpigmentation at the treat-
ment site.

Pain sensations are also reduced with the use of 
5-ALA and ME-ALA at lower concentrations than usual. 
For example, in a study by Dessinioti et al. [24] ME-ALA 
cream was used for PDT with a concentration 4 times 
lower than the standard (4%). Side effects were limited to 
mild transient erythema at the treatment sites and lasted 
several hours. Edema, pustules, crusting, or persistent 
erythema were not observed. Patients did not report 
pain. At the same time, the effectiveness of treatment 
was quite high – immediately after 2 courses of PDT, the 
number of acne foci decreased by an average of 35% 
from the initial level.

Many researchers note that the use of high concen-
trations of 5-ALA for acne PDT causes significant side 
effects. For example, Pollock et al. [27] reported on the 
use of 5-ALA in 10 patients with acne at a concentration 
of 20% with application for 3 hours. Despite the rather 
sparing irradiation regimen (15 J/cm2, 25 mW/cm2), 
patients experienced significant pain during the irra-
diation session and erythrema. The effectiveness of the 
treatment was even lower than when using lower con-
centrations of 5-ALA: after the second course of treat-
ment, a statistically significant decrease in the number of 
inflammatory foci of acne was observed in the treatment 
area compared to the baseline, but not in comparison 
with the control areas. As a result of the treatment, no 
statistically significant amount of C. acnes or the level of 
sebum secretion was obtained.

Some researchers recommend shortening the appli-
cation time of 5-ALA as a way to reduce the intensity of 
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pain during irradiation. Thus, the results of one recent 
small-scale study in which 5% 5-ALA cream was used in 
patients with acne showed that a reduction in the appli-
cation time from 90 to 30 minutes led to an almost com-
plete absence of pain during irradiation in patients with 
the same effectiveness of treatment [28]. Chinese der-
matologists also give the results of studies demonstrat-
ing that PDT with a 5-ALA concentration of 3–5% and a 
shorter application time (30 min) can effectively improve 
the condition of moderate to severe acne vulgaris with 
minimal pain and other adverse reactions [29].

The use of a ventilator, air cooling, and possible short 
breaks in irradiation may also be used to reduce treat-
ment-related pain during PDT. Local anesthesia can usu-
ally be used before and after PDT [30].

A separate promising area of application of PDT in 
patients with acne is PDT after ineffective acne treatment 
by other methods, in particular, after an exacerbation 
of the disease during isotretionine treatment. Despite 
the fact that no large-scale studies of the effectiveness 
of PDT in this group of patients have been conducted, 
several interesting clinical cases have been described in 
the literature. Thus, Liu J. et al. [31] report the success-
ful treatment of a patient with acne flare-ups after treat-
ment with isotretionin. Acne exacerbation develops in a 
small proportion of patients at the start of oral isotreti-
noin. Clinically, it usually manifests as painful, ulcer-
ated, and hemorrhagic lesions. Traditional therapy in 
this case is the ingestion of corticosteroids. However, in 
some patients, such therapy can also be accompanied by 
side effects, such as metabolic disorders, suppression of 
immune function, and other effects. The authors report a 
young man with acne exacerbation after taking isotreti-

noin, who was treated with PDT (2-hour application of 
5% 5-ALA, irradiation 633±6 mm, 42 mW/cm2, 75.6 J/
cm2, 7 cycles). The result of the treatment was rated as 
a complete cleansing of the skin with an excellent cos-
metic result). Picone et al. [18] report another case of 
successful treatment of acne exacerbation while tak-
ing isotretionine. PDT was performed in a patient with 
ulcerative and hemorrhagic lesions from acne on the 
face and trunk with an exacerbation of the disease after 
the start of treatment with isotretinoin, which did not 
respond to systemic prednisolone in combination with 
topical application of clindamycin and disinfectants. The 
patient underwent 6 courses of PDT with ME-ALA (appli-
cation of 16% ointment) with red light irradiation (630 
nm, light dose 39 J/cm2). At a 6-month follow-up, the 
patient showed no active lesions, only scarring, and no 
side effects were reported during and after each treat-
ment session.

Conclusion
In recent years, the method of acne treatment, PDT, 

has been actively developed, demonstrating high effi-
ciency and a satisfactory safety profile. For acne PDT, 
5-ALA and ME-ALA are used. Both drugs show high 
efficacy in both inflammatory and non-inflammatory 
lesions, in mild, moderate, and severe forms of acne, as 
well as after ineffective acne treatment by other meth-
ods, in particular after an exacerbation of the disease 
during treatment with isotretionine. The main direction 
in the development of PDT in acne patients is the search 
and development of low-intensity PDT schemes to mini-
mize pain and local reactions to radiation.

REFERENCES
1. De Annunzio S.R., Costa N.C.S., Mezzina R.D., Graminha M.A.S., 

Fontana C.R. Chlorin, Phthalocyanine, and Porphyrin Types Deriv-
atives in Phototreatment of Cutaneous Manifestations: A Review. 
Int J Mol Sci, 2019, vol. 20(16), p. 3861. doi:10.3390/ijms20163861.

2. Barinova A.N. Etiology, pathogenesis, classification and clinical 
picture of vulgar acne. Modern view of the problem. Russian Fam-
ily Doctor, 2018, vol. 22(3), pp. 14-22. doi 10.17816/RFD2018314-
223. 

3. Liu L.H., Fan X., An Y.X., Zhang J., Wang C.M. & Yang, R.Y. Random-
ized trial of three phototherapy methods for the treatment of 
acne vulgaris in Chinese patients. Photodermatology, photoimmu-
nology & photomedicine, 2014, vol. 30(5), pp. 246-253. https://doi.
org/10.1111/phpp.12098

4. Mackay AM. The evolution of clinical guidelines for antimicrobial 
photodynamic therapy of skin. Photochem Photobiol Sci, 2022, vol. 
21(3), pp. 385-395. doi:10.1007/s43630-021-00169

5. Chiang A., Hafeez F., Maibach H.I. Skin lesion metrics: role of pho-
tography in acne. Journal of dermatological treatment, 2014, vol. 
25(2), pp. 100-105.

6. O’brien S.C., Lewis J.B., Cunliffe W.J. The Leeds revised acne grad-
ing system. Journal of dermatological treatment, 1998, vol. 9(4), pp. 
215-220.

7. Tan J. K. L. et al. Evaluation of essential clinical components and 
features of current acne global grading scales. Journal of the Amer-
ican Academy of Dermatology, 2013, vol. 69(5), pp. 754-761.

ЛИТЕРАТУРА
1. De Annunzio S.R., Costa N.C.S., Mezzina R.D., Graminha M.A.S., Fon-

tana C.R. Chlorin, Phthalocyanine, and Porphyrin Types Derivatives 
in Phototreatment of Cutaneous Manifestations: A Review //  Int J 
Mol Sci. – 2019. – Vol. 20(16). – P. 3861. doi:10.3390/ijms20163861.

2. Баринова А.Н. Этиология, патогенез, классификация и кли-
ническая картина вульгарных угрей. Современный взгляд на 
проблему // Российский семейный врач. – 2018. – Т. 22, № 3. – С. 
14-22. doi 10.17816/RFD2018314-22

3. Liu L.H., Fan X., An Y.X., Zhang J., Wang C.M. & Yang, R.Y. Random-
ized trial of three phototherapy methods for the treatment of acne 
vulgaris in Chinese patients // Photodermatology, photoimmunol-
ogy & photomedicine. – 2014. – Vol. 30(5). – P. 246-253. https://doi.
org/10.1111/phpp.12098

4. Mackay A.M. The evolution of clinical guidelines for antimicrobial 
photodynamic therapy of skin //  Photochem Photobiol Sci. – P. 
2022. – Vol. 21(3). – P. 385-395. doi:10.1007/s43630-021-00169-w

5. Chiang A., Hafeez F., Maibach H.I. Skin lesion metrics: role of photog-
raphy in acne //Journal of dermatological treatment. – 2014. – Vol. 
25(2). – P. 100-105.

6. O’brien S.C., Lewis J.B., Cunliffe W.J. The Leeds revised acne grading 
system //Journal of dermatological treatment. – 1998. – Vol. 9(4). – P. 
215-220.

7. Tan J. K. L. et al. Evaluation of essential clinical components and fea-
tures of current acne global grading scales //Journal of the Ameri-
can Academy of Dermatology. – 2013. – Vol. 69(5). – P. 754-761.

Filonenko E.V., Ivanova-Radkevich V.I. 
Photodynamic therapy of acne



55

R
E

V
IE

W
S

 O
F 

LI
TE

R
A

TU
R

E

BIOMEDICAL PHOTONICS    Т. 12, № 2/2023

8. Purdy, S. & Deberker D. Acne vulgaris. BMJ clinical evidence, 2008, 
p. 1714.

9. Yilmaz S. Toxicity Genotoxicity, and Carcinogenicity of sotreti-
noin. Current molecular pharmacology, 2023, vol. 16(1), pp. 83-90. 
https://doi.org/10.2174/187446721566-622052

10. 0143124
11. Goldsmith LA, Katz SI, Gilchrest BA, et al. Dermatologiya 

Fitspatrika v klinicheskoy praktike. Moscow: Izdatel’stvo Panfilova, 
2015. (In Russ.)

12. Guo, Y., Zeng, M., Yuan, Y., Yuan, M., Chen, Y., Yu, H., Liu, R., Ruan, Z., 
Xie, Q., Jiao, X. & Lu, T. Photodynamic therapy treats acne by alter-
ing the composition of the skin microbiota. Skin research and 
technology: official journal of International Society for Bioengi-
neering and the Skin (ISBS) and International Society for Digital 
Imaging of Skin (ISDIS).  International Society for Skin Imaging, 
2023, vol. 29(1), p. e13269. https://doi.org/10.1111/srt.13269

13. Filonenko E.V., Ivanova-Radkevich V.I. Photodynamic therapy of 
psoriasis. Biomedical Photonics, 2023, vol. 12(1), pp. 28-36. doi: 
10.24931/2413–9432–2023–12-1-28-36.

14. Filonenko E.V., Ivanova-Radkevich V.I. Photodynamic therapy in 
the treatment of extramammary Paget disease. Biomedical Pho-
tonics, 2022, vol. 3, pp. 24-34. doi: 10.24931/2413–9432–2022–
11-3-24–34.

15. Filonenko E.V., Ivanova-Radkevich V.I. Photodynamic therapy in 
the treatment of mycosis fungoides. Biomedical Photonics, 2022, 
vol. 11(1), pp. 27-37. doi: 10.24931/2413–9432–2022–11-1-27-37.

16. Wen, X., Li, Y. & Hamblin M. R. Photodynamic therapy in dermatol-
ogy beyond non-melanoma cancer: An update. Photodiagnosis 
and photodynamic therapy, 2017, vol. 19, pp. 140-152. https://doi.
org/10.1016/j.pdpdt.2017.06.010 

17. Morton C.A., Brown S.B., Collins S., Ibbotson S., Jenkinson H., 
Kurwa H., Langmack K., McKenna K., Moseley H., Pearse A.D., 
Stringer M., Taylor D.K., Wong G., Rhodes L.E. Guidelines for topical 
photodynamic therapy: Report of a workshop of the British Pho-
todermatology Group. The British Journal of Dermatology, 2002, 
vol. 146(4) , pp. 552-567. doi: 10.1046/j.1365-2133.2002.04719.x.

18. Morton, C.A., McKenna, K.E., Rhodes, L.E. & British. Association 
of Dermatologists Therapy Guidelines and Audit Subcommittee 
and the British Photodermatology Group Guidelines for topical 
photodynamic therapy: Update. The British Journal of Derma-
tology, 2008, vol. 159(6), pp. 1245-1266. doi: 10.1111/j.1365-
2133.2008.08882.x.

19. Picone V., Potestio L., Fabbrocini G., Monfrecola G. & Marasca 
C. A case of acne fulminans successfully treated with photody-
namic therapy. Photodermatology, photoimmunology & photo-
medicine, 2022, vol. 38(4), pp. 401-403. https://doi.org/10.1111/
phpp.12761

20. Wang Y.Y., Ryu A.R., Jin S., Jeon Y.M., Lee M.Y. Chlorin e6-Mediated 
Photodynamic Therapy Suppresses P. acnes-Induced Inflamma-
tory Response via NFκB and MAPKs Signaling Pathway. PLoS ONE, 
2017, vol. 12, p. e0170599. doi: 10.1371/journal.pone.0170599.

21. Asayama-Kosaka S, Akilov OE, Kawana S. Photodynamic Therapy 
with 5% delta-Aminolevulinic Acid is Safe and Effective Treat-
ment of Acne Vulgaris in Japanese Patients. Laser Ther, 2014, vol. 
23, pp. 115-120.

22. Chen X., Song H., Chen S., Zhang J., Niu G., Liu X. Clinical efficacy 
of 5-aminolevulinic acid photodynamic therapy in the treatment 
of moderate to severe facial acne vulgaris.  Exp Ther Med, 2015, 
vol. 10(3), pp. 1194-1198. doi:10.3892/etm.2015.2638

23. Calzavara-Pinton P.G., Rossi M.T., Aronson E., Sala R. & Italian 
Group For Photodynamic Therapy. A retrospective analysis of 
real-life practice of off-label photodynamic therapy using methyl 
aminolevulinate (MAL-PDT) in 20 Italian dermatology depart-
ments. Part 1: inflammatory and aesthetic indications. Photo-
chemical & photobiological sciences : Official journal of the Euro-
pean Photochemistry Association and the European Society for Pho-
tobiology, 2013, vol. 12(1) , pp. 148-157. https://doi.org/10.1039/
c2pp25124h

24. Tao S.Q., Xia R.S., Li F., Cao L., Fan H., Fan Y. & Yang, L.J. Efficacy of 
3.6% topical ALA-PDT for the treatment of severe acne vulgaris. 
European review for medical and pharmacological sciences, 2016, 
vol. 20(2) , pp. 225-231.

25. Dessinioti C., Masouri S., Drakaki E., Katsambas A. & Antoniou, C. 
Short-contact, low-dose methyl aminolaevulinate photodynamic 

8. Purdy, S. & Deberker D. Acne vulgaris // BMJ clinical evidence. – 
2008. – P. 1714.

9. Yilmaz S. Toxicity Genotoxicity, and Carcinogenicity of sotretinoin 
// Current molecular pharmacology. – 2023. – Vol. 16(1). – P. 83–90. 
https://doi.org/10.2174/187446721566-

10. 6220520143124
11. Goldsmith LA, Katz SI, Gilchrest BA, et al. Dermatologiya Fitspatrika 

v klinicheskoy praktike // Moscow: Izdatel’stvo Panfilova. – 2015. (In 
Russ.)

12. Guo, Y., Zeng, M., Yuan, Y., Yuan, M., Chen, Y., Yu, H., Liu, R., Ruan, Z., 
Xie, Q., Jiao, X., & Lu, T. Photodynamic therapy treats acne by altering 
the composition of the skin microbiota. Skin research and technol-
ogy: official journal of International Society for Bioengineering and 
the Skin (ISBS) and International Society for Digital Imaging of Skin 
(ISDIS) //  International Society for Skin Imaging. – 2023. – Vol. 29(1). 
– P. e13269. https://doi.org/10.1111/srt.13269

13. Filonenko E.V., Ivanova-Radkevich V.I. Photodynamic therapy of 
psoriasis // Biomedical Photonics. – 2023. – Vol. 12(1). – P. 28-36. doi: 
10.24931/2413–9432–2023–12-1-28-36.

14. Filonenko E.V., Ivanova-Radkevich V.I. Photodynamic therapy in the 
treatment of extramammary Paget disease // Biomedical Photon-
ics, 2022. – Vol.3. – P. 24-34. doi: 10.24931/2413–9432–2022–11-3-
24–34.

15. Filonenko E.V., Ivanova-Radkevich V.I. Photodynamic therapy in the 
treatment of mycosis fungoides // Biomedical Photonics. – 2022. – 
Vol. 11(1). – P. 27-37 (in Russian). doi: 10.24931/2413–9432–2022–
11-1-27-37.

16. Wen, X., Li, Y., & Hamblin, M. R. Photodynamic therapy in dermatol-
ogy beyond non-melanoma cancer: An update // Photodiagnosis 
and photodynamic therapy. – 2017. – Vol. 19. – P. 140-152. https://
doi.org/10.1016/j.pdpdt.2017.06.010 

17. Morton C.A., Brown S.B., Collins S., Ibbotson S., Jenkinson H., Kurwa 
H., Langmack K., McKenna K., Moseley H., Pearse A.D., Stringer M., 
Taylor D.K., Wong G., Rhodes L.E. Guidelines for topical photody-
namic therapy: Report of a workshop of the British Photoderma-
tology Group // The British Journal of Dermatology. – 2002. – Vol. 
146(4). – P. 552-567. doi: 10.1046/j.1365-2133.2002.04719.x.

18. Morton, C.A., McKenna, K.E., Rhodes, L.E. & British. Association 
of Dermatologists Therapy Guidelines and Audit Subcommittee 
and the British Photodermatology Group Guidelines for topical 
photodynamic therapy: Update // The British Journal of Derma-
tology. – 2008. – Vol. 159(6). – P. 1245-1266. doi:  10.1111/j.1365-
2133.2008.08882.x.

19. Picone V., Potestio L., Fabbrocini G., Monfrecola G. & Marasca C. A 
case of acne fulminans successfully treated with photodynamic 
therapy // Photodermatology, photoimmunology & photomedi-
cine. – 2022. – Vol. 38(4). – P. 401-403. https://doi.org/10.1111/
phpp.12761

20. Wang Y.Y., Ryu A.R., Jin S., Jeon Y.M., Lee M.Y. Chlorin e6-Mediated 
Photodynamic Therapy Suppresses P. acnes-Induced Inflammatory 
Response via NFκB and MAPKs Signaling Pathway // PLoS ONE. – 
2017. – Vol. 12. – P. e0170599. doi: 10.1371/journal.pone.0170599.

21. Asayama-Kosaka S, Akilov OE, Kawana S. Photodynamic Therapy 
with 5% delta-Aminolevulinic Acid is Safe and Effective Treatment 
of Acne Vulgaris in Japanese Patients // Laser Ther. – 2014. – Vol. 23. 
– P. 115-120.

22. Chen X., Song H., Chen S., Zhang J., Niu G., Liu X. Clinical efficacy 
of 5-aminolevulinic acid photodynamic therapy in the treatment of 
moderate to severe facial acne vulgaris //  Exp Ther Med. – 2015. – 
Vol. 10(3). – P. 1194-1198. doi:10.3892/etm.2015.2638

23. Calzavara-Pinton P.G., Rossi M.T., Aronson E., Sala R. & Italian Group 
For Photodynamic Therapy // A retrospective analysis of real-life 
practice of off-label photodynamic therapy using methyl aminolev-
ulinate (MAL-PDT) in 20 Italian dermatology departments. Part 1: 
inflammatory and aesthetic indications // Photochemical & photo-
biological sciences : Official journal of the European Photochemis-
try Association and the European Society for Photobiology. – 2013. 
– Vol. 12(1). – P. 148-157. https://doi.org/10.1039/c2pp25124h

24. Tao S.Q., Xia R.S., Li F., Cao L., Fan H., Fan Y. & Yang, L.J. Efficacy of 3.6% 
topical ALA-PDT for the treatment of severe acne vulgaris // Euro-
pean review for medical and pharmacological sciences. – 2016. – 
Vol. 20(2). – P. 225-231.

25. Dessinioti C., Masouri S., Drakaki E., Katsambas A. & Antoniou, C. 
Short-contact, low-dose methyl aminolaevulinate photodynamic 

Filonenko E.V., Ivanova-Radkevich V.I. 
Photodynamic therapy of acne



56

R
E

V
IE

W
S

 O
F 

LI
TE

R
A

TU
R

E

BIOMEDICAL PHOTONICS    Т. 12, № 2/2023

therapy for acne vulgaris. The British journal of dermatology, 2016, 
vol. 175(1), pp. 215. https://doi.org/10.1111/bjd.14460

26. Hong J.S., Jung J.Y., Yoon J.Y. & Suh D.H. Acne treatment by 
methyl aminolevulinate photodynamic therapy with red light 
vs. intense pulsed light. International journal of dermatology, 
2013,vol. 52(5), pp. 614-619. https://doi.org/10.1111/j.1365-
4632.2012.05673.x

27. Yew Y.W., Lai Y.C., Lim Y.L., Chong W.S. & Theng C. Photodynamic 
Therapy With Topical 5% 5-Aminolevulinic Acid for the Treatment 
of Truncal Acne in Asian Patients. Journal of drugs in dermatology : 
JDD, 2016, vol. 15(6), pp. 727-732.

28. Pollock B., Turner D., Stringer M.R., Bojar R.A., Goulden V., Stables 
G.I. & Cunliffe, W.J. Topical aminolaevulinic acid-photodynamic 
therapy for the treatment of acne vulgaris: a study of clinical effi-
cacy and mechanism of action. The British journal of dermatology, 
2004, vol. 151(3), pp. 616-622. https://doi.org/10.1111/j.1365-
2133.2004.06110.x

29. Zhang J., Zhang X., He Y. et al. Photodynamic therapy for severe 
facial acne vulgaris with 5% 5-aminolevulinic acid vs 10% 5-ami-
nolevulinic acid: A split-face randomized controlled study. J Cos-
met Dermatol, 2020, vol. 19(2), pp. 368-374.

30. Wang P., Wang B., Zhang L., Liu X., Shi L., Kang X., Lei X., Chen K., 
Chen Z., Li C., Zhang C., Tu P., Pan M. Ju Q., Man X., Lu Y., Yu N., 
Li Y., Zhu H., Zhang R., Wang, X. Clinical practice Guidelines for 
5-Aminolevulinic acid photodynamic therapy for acne vulgaris in 
China. Photodiagnosis and photodynamic therapy, 2023, vol. 41, p. 
103261. https://doi.org/10.1016/j.pdpdt.2022.103261 

31. Zeitouni N.C., Bhatia N., Ceilley R.I., Cohen J.L., Del Rosso J.Q., 
Moore, A.Y., Munavalli G., Pariser D.M., Schlesinger T., Siegel D.M., 
Willey A. & Goldman, M.P. Photodynamic Therapy with 5-ami-
nolevulinic Acid 10% Gel and Red Light for the Treatment of 
Actinic Keratosis, Nonmelanoma Skin Cancers, and Acne: Current 
Evidence and Best Practices. The Journal of clinical and aesthetic 
dermatology, 2021, vol. 14(10), pp. E53-E65.

32. Liu J., Shi L., Zhang L., Liu X., Zhang H., Zhang Y., Wang P., Zhang G., 
Zhou Z. & Wang X. Acute acne flare following isotretinoin admin-
istration successfully treated by 5-aminolevulinic acid photody-
namic therapy. Photodiagnosis and photodynamic therapy, 2022, 
vol. 39, p. 102893. https://doi.org/10.1016/j.pdpdt.22.102893

therapy for acne vulgaris // The British journal of dermatology. – 
2016. – Vol. 175(1). – P. 215. https://doi.org/10.1111/bjd.14460

26. Hong J.S., Jung J.Y., Yoon J.Y. & Suh D.H. Acne treatment by 
methyl aminolevulinate photodynamic therapy with red light 
vs. intense pulsed light //  International journal of dermatology. 
– 2013. – Vol. 52(5). – P. 614-619. https://doi.org/10.1111/j.1365-
4632.2012.05673.x

27. Yew Y.W., Lai Y.C., Lim Y.L., Chong W.S. & Theng C. Photodynamic 
Therapy With Topical 5% 5-Aminolevulinic Acid for the Treatment of 
Truncal Acne in Asian Patients // Journal of drugs in dermatology : 
JDD. – 2016. – Vol. 15(6). – P. 727-732.

28. Pollock B., Turner D., Stringer M.R., Bojar R.A., Goulden V., Stables 
G.I. & Cunliffe, W.J. Topical aminolaevulinic acid-photodynamic 
therapy for the treatment of acne vulgaris: a study of clinical effi-
cacy and mechanism of action // The British journal of dermatology. 
– 2004. – Vol. 151(3). – P. 616-622. https://doi.org/10.1111/j.1365-
2133.2004.06110.x

29. Zhang J., Zhang X., He Y. et al. Photodynamic therapy for severe 
facial acne vulgaris with 5% 5-aminolevulinic acid vs 10% 5-ami-
nolevulinic acid: A split-face randomized controlled study // J Cos-
met Dermatol. – 2020. – Vol. 19(2). – P. 368-374.

30. Wang P., Wang B., Zhang L., Liu X., Shi L., Kang X., Lei X., Chen K., 
Chen Z., Li C., Zhang C., Tu P., Pan M. Ju Q., Man X., Lu Y., Yu N., Li 
Y., Zhu H., Zhang R., Wang, X. Clinical practice Guidelines for 5-Ami-
nolevulinic acid photodynamic therapy for acne vulgaris in China 
// Photodiagnosis and photodynamic therapy. – 2023. – Vol. 41. – P.  
103261. https://doi.org/10.1016/j.pdpdt.2022.103261 

31. Zeitouni N.C., Bhatia N., Ceilley R.I., Cohen J.L., Del Rosso J.Q., Moore, 
A.Y., Munavalli G., Pariser D.M., Schlesinger T., Siegel D.M., Willey A. 
& Goldman, M.P. Photodynamic Therapy with 5-aminolevulinic Acid 
10% Gel and Red Light for the Treatment of Actinic Keratosis, Non-
melanoma Skin Cancers, and Acne: Current Evidence and Best Prac-
tices // The Journal of clinical and aesthetic dermatology. – 2021. 
– Vol. 14(10). – P.  E53-E65.

32. Liu J., Shi L., Zhang L., Liu X., Zhang H., Zhang Y., Wang P., Zhang G., 
Zhou Z. & Wang X. Acute acne flare following isotretinoin adminis-
tration successfully treated by 5-aminolevulinic acid photodynamic 
therapy // Photodiagnosis and photodynamic therapy. – 2022 – Vol. 
39. – P. 102893. https://doi.org/10.1016/j.pdpdt.22.102893

Filonenko E.V., Ivanova-Radkevich V.I. 
Photodynamic therapy of acne


