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Background: Non-invasive photodynamic therapy (PDT) with 5-aminolevulinic acid

(ALA) has been used as an alternative acne treatment for many years. Riboflavin and

tryptophan are newly introduced photosensitizers.

Objective: To compare the efficacy of PDT with riboflavin-tryptophan (RT) gel with that of

13% ALA for the treatment of facial acne.

Methods: We performed a double-blind, split-face study of 37 subjects with mild to

moderate facial acne vulgaris. RT gel was applied to half of the face, and 13% ALA was

applied to the other half. Then, the whole face was irradiated using a blue light-emitting

diode for 20 mins. Four treatment sessions were performed over a 4-week duration, at 1-

week interval. The acne lesion counts and acne severity were assessed. Sebum secretion,

Propionibacterium acne colonization, pore size, and skin texture were also evaluated.

Results: PDT with RT gel demonstrated good efficacy, non-inferior to ALA for acne

treatment, with a significant reduction in acne lesion counts, severity grading, porphyrin,

and sebum output. The pore size and skin texture were improved. Side-effects were minimal

and well tolerated in all subjects.

Conclusion: PDT therapy with RT gel is an effective alternative treatment for acne vulgaris.

Keywords: acne vulgaris, photodynamic therapy, 5-aminolevulinic acid, riboflavin,

tryptophan

Introduction
Acne vulgaris is a common inflammatory disease and affects all age groups, with a

higher prevalence in adolescents and young adults. The four main antecedents for

acne maturation are follicular hyperkeratinization, Propionibacterium acnes colo-

nization, sebum production, and inflammatory processes.1 The first-line treatments

for mild to moderate acne are benzoyl peroxide, topical retinoids, or a topical

therapy-antibiotic combination.1 However, these orthodox treatments can cause

bacterial resistance, irritation, and systemic side-effects.1,2

Photodynamic therapy (PDT) has been used as an alternative treatment because of

advantages including better compliance and a lower risk of bacterial resistance.3,4 PDT

combines a photosensitizer and activating light to create a photochemical reaction5 and

it is a non-invasive modality. However, the efficacy of PDT for the treatment of acne

vulgaris remains unclear.6 PDT promotes acne improvement by using both a short
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application time with a blue light or a long application time

under occlusion with high red light doses.3 PDT reduces acne

through direct photodynamic effects on sebaceous glands,7

diminution of follicular obstruction and hyperkeratosis,8 and

immunological alterations.9,10

5-aminolevulinic acid (ALA) and methyl aminolevulinate

(MAL) are the most widely used photosensitizers for acne

treatment. PDT with ALA has been suggested for the down-

regulation of infiltrating inflammatory cells inside acne

lesions.3 ALA-mediated photodynamic reactions directly

destroy P. acnes and damage the pilosebaceous glands, thus

leading to a clinical improvement in acne lesions.11 However,

pain, adverse inflammatory effects, and residual photosensi-

tivity are usually experienced during PDT treatment with

topical ALA.12 Additionally, PDTwith ALA can cause acute

erythema and edema, blistering, oozing, and exfoliation,

which could lead to hyperpigmentation7 and may cause drug

interactions with griseofulvin, thiazines, sulfonylureas, sulfo-

namides, cyclophosphamide, or tetracyclines.13,14

Riboflavin (vitamin B2) has been introduced as a nat-

ural, potent photosensitizing molecule.15 Riboflavin is

important for the conversion of tryptophan to niacin.16

Riboflavin has a peak absorption around 365–445 nm.

After visible light irradiation, especially blue light, this

micronutrient can generate singlet-excited states.15 They

are safe, natural substances without any reported side-

effects.

The aim of this study was to evaluate the efficacy and

safety of PDT using a riboflavin-tryptophan (RT) gel simi-

lar to that of 13% ALA for the treatment of mild to

moderate facial acne vulgaris.

Methods
Subjects
This was a single-center, double-blinded split-face com-

parative study. The study was approved by the Human

Research Ethics Committee of the Thammasat University

No.1, conducted according to the principles of the

Declaration of Helsinki, and registered in the Thai

Clinical Trials Registry (No. TCTR20190907005).

Patients provided written informed consent before study

initiation and accompanying photographic images to be

published. Individual participant data of the study, after

deidentification, are not being shared with others. We do

not share any specific data, and no other study-related

documents will be made available. The case record form

and essential documents will be kept in a designated place

for 1 year. The data and documents are available if

requested by relevant authorities.

Thirty-seven patients aged 18–50 years presenting to

the Out Patients Department (OPD) of Dermatology,

Benchakitti Park Hospital, who had been diagnosed with

mild to moderate facial acne vulgaris. The exclusion cri-

teria included a history of topical antibiotics and retinoids

use for acne treatment within the previous 4 weeks, med-

ication use that could aggravate or suppress acne (such as

halogens, antiepileptics, antidepressants, ciclosporin, and

vitamin B), photosensitizing drug use, photosensitivity,

keloids, any other skin diseases, any other systemic dis-

eases, oral contraceptive pill, and oral antibiotics use

within the previous 3 months. History of PDT, laser or

other procedural treatments use within previous 6 months.

Pregnant and lactating women were also excluded. No

other treatments for acne were allowed during the study.

Materials
There were two photosensitizers used in this procedure: A

riboflavin-tryptophan (RT) gel from BR PDT Gel® in

which the ingredients are riboflavin, tryptophan, glycolic

acid, and niacinamide (BR PHARM Co. Ltd., Gangwon-

do, Korea); and 5-aminolevulinic acid (ALA) from a topical

ALA (13%)-mask Omega light (N. Finders Co., Ltd., Seoul,

Korea). The light source came from an Omnilux PDTTM

LED System (GlobalMed Technologies Co., CA, USA).

Treatment
Patients underwent four full-face PDT treatments with a

RT gel on one facial side and a 13% topical ALA mask on

the other side. The application side for the two photosen-

sitizers was randomized before the study. The patients and

primary investigator were blinded to the photosensitizers.

Approximately 0.1 mL RT gel along with a half-plain

facial mask sheet (no additive substance) and a half 13%

topical ALA face mask were applied and covered under

plastic film occlusion for 30 mins. After the incubation,

the remaining products were cleaned off using normal

saline. Then, the whole face was illuminated simulta-

neously with blue light (Omnilux PDTTM LED System)

at 415 nm, 48 J/cm2, for 20 mins. The light source was

maintained at a 5-cm distance from the tip of the nose.

After the irradiation, a wet dressing of gauze soaked in

cooled normal saline was provided for 10 mins. Subjects

were treated at 1-week interval for four sessions.
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Assessment
Clinical evaluations were performed by acne lesion counts,

the Global Acne Assessment Score (GAAS).17 The sever-

ity of acne, based on the Global Acne Assessment Score

(GAAS), was evaluated using a 5-point scale as follows: 0,

clear; 1, almost clear; 2, mild; 3, moderate; 4, severe; and

5, very severe. Success according to the GAAS on the 5-

point static scale was defined as a rating of 0 (clear) or 1

(almost clear).

Fluorescence photography was used to visualize P.

acne populations using wood’s lamp. The number of punc-

tured red fluorescent dots in each tested area was blindly

counted. The tested area was graded on the basis of the

porphyrin coverage area: 1: less than 25%, 2: 25%–50%,

3: 50%–75%, and 4: more than 75%. Sebum output was

collected from both cheeks using a Sebumeter (SM815,

Courage1Khazaka Electronic GmbH, Germany). We used

Antera 3DTM (Miravex Ltd., Dublin, Ireland) to measure

the pore size and texture of the facial skin. Side effects,

including itching, pain, erythema, hyperpigmentation, and

exfoliation were recorded during the treatment period.

Clinical photographs were taken prior to and following

the treatment, and at every follow-up (every 1 week during

treatment and every 2 weeks after treatment) for 7 weeks.

Outcome
The primary efficacy end-points were the proportion of

patients who achieved success based on the GAAS and

mean reduction in acne lesion counts at week 3 from

baseline using non-inferiority comparison.

The secondary outcomes were the proportion of

patients who achieved success based on the GAAS and

mean reduction in acne lesion counts at weeks 5 and 7

from baseline and the side effects of the two treatments.

Differences in the pore size and texture of the facial skin

between the treatments were considered.

Statistical Analysis
For the primary outcome, we set the non-inferiority margin

assuming that the lower bound of the 95% CI of the

proportion difference in success rate between the PDT-

ALA and PDT-RT groups was not <30%. With a power

of 80% and one-sided significance level of 0.05, the sam-

ple size needed was determined to be 37 participants after

adjusting for a dropout rate of 10%.

Data were analyzed using IBM SPSS for Windows,

version 22 (IBM Corp., Armonk, NY, USA). Statistical

significance was defined as a p-value <0.05. Non-para-

metric analysis of covariance, using the Wilcoxon signed

rank test, assessed the changes between (p-value) and

within the two groups (p-value) for each parameter. The

incidence of success based on the GAAS of 0 or 1 was

analyzed using the McNemar test.

Results
Thirty-four subjects both males (n=9, 25.6%) and females

(n=25, 71.4%), had completed the treatment and follow-

ups for this study. The mean age of the subjects was 28.26

± 8.4 years. There was no significant difference in acne

grading between the two facial sides at the pre-treatment

visit (p-value = 0.705).

The achieved treatment success rates at weeks 3, 5, and 7

in terms of the investigator’s static global assessment (GAAS

of clear or almost clear) were not significantly different

between the two facial sides (p > 0.05; Figures 1A and 2A–D).

For the acne lesion counts, the mean of comedone acne

showed a significant decrease from the baseline after week

1 of treatment in both facial sides. However, comedone

acne showed a more significant improvement with PDT

with RT gel than with PDT with ALA at the third week

(p-value = 0.021). At the last follow-up, PDT with RT gel

produced a significant decrease in comedone acne from

21.67 to 14.39 (p-value <0.001), whereas the PDT on the

ALA side yielded significant decrease from 23.14 to 15.07

(p-value <0.001) (Figure 1B).

There was no difference in papule acne between PDT

with RT gel and PDT with ALA in any follow-up sessions

(p-value >0.05). The papule acne on the PDT with ALA

facial side significantly improved starting from the first

week to the last follow-up. Nonetheless, the difference

between pre- and post-treatment in PDT with RT gel was

not statistically significant (Figure 1C).

The porphyrin reduction in PDT with RT gel and

PDT with ALA was not significantly different (p-value

>0.05) (Figure 3A and B). Within the therapy groups,

significant porphyrin reduction began at the second

week (p-value = 0.008) after the PDT with RT gel

treatment, while the reduction started at the first week

(p-value = 0.031) for PDT with ALA. At the last follow-

up, there was a significant porphyrin reduction in PDT

with RT gel and PDT with ALA from 1.9 to 1.56

(p-value <0.001) and from 1.93 to 1.64 (p-value

<0.001), respectively (Figure 4A).

The difference in the baseline sebum level between the two

facial sides was significant (p-value = 0.024). However, there
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was no significant difference between the two facial sides from

week 1 to 7 (p-value >0.05). At the last follow-up, the mean

sebum level showed a significant reduction from 17.53 at

baseline to 7.97 (p-value <0.001) on the PDT with RT gel

facial side and from 15.98 to 6.93 (p-value <0.001) in the PDT

with ALA facial side (Figure 4B).

Examples of general appearance of the cheek are shown in

Figures 5A and 6A. Skin pore size was calculated as volume
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Riboflavin-Tryptophan gel (RT) 13% 5-Aminolevulinic Acid (ALA)

Baseline Week 1  Week 2   Week 3   Week 5  Week 7

Figure 1 (A) Percentage of patients who achieved success based on the global acne assessment score of 0 (clear) or 1 (almost clear). (B) Changes in acne lesion counts;

mean of comedones throughout the follow-up sessions. (C) Changes in acne lesion counts; mean of papules throughout the follow-up sessions. (*p-value <0.05 comparison

to baseline within the group, † p-value <0.05 for comparison of PDTwith RT gel and PDTwith ALA).

A B C D

Figure 2 (A) Acne reduction compared between before (baseline) and (B) after treatment (at week 7) on the facial side treated with PDTwith RT gel. (C) Acne reduction

compared between before (baseline) and (D) after treatment (at week 7) on the facial side treated with PDTwith ALA.
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(mm3) as shown in Figures 5B and 6B. There was no statisti-

cally significant difference in the volume, which represented

the skin pore size, between the two treatments (p-value>0.05).

The facial pore size gradually decreased in both groups as seen

in Figure 7. The median decrease in volume was from

3.4 mm3 to 2.38 mm3 in the PDT-RT gel group and from

3.4 mm3 to 2.8 mm3 in the PDT-ALA group. The skin texture

was analyzed by the roughness index (Figures 5C and 6C).

The skin texture improved throughout the evaluation period as

indicated by the decline in the median value of roughness

index (Figure 8). The roughness index was not disparate

between the two groups at each follow-up (p-value >0.05).

At the last follow-up, themedian roughness index significantly

decreased from 18.24 to 16.08 in the RT gel group and from

18.04 to 17.05 in the ALA group.

The treatment side-effects were well tolerated in all

subjects. Mild erythema patches were significantly

recorded in eight subjects treated with PDT on the RT

gel facial side and in three subjects treated with PDT on

the ALA side (p<0.05). Nevertheless, the patches were

gone in only 10–20 mins after the irradiation, with no

scarring. A mild burning sensation was reported after

applying photosensitizers on the RT gel facial and ALA

sides in 18 and 6 subjects, respectively (p<0.01). The

burning sensation disappeared after the incubation period

ended, and there were no reports of pain, itching, or acne

aggravation during the treatment.

Discussion
Recently, tryptophan and riboflavin were proposed as new

photosensitizers for acne treatment. In 2012, Yun18 per-

formed a study in which eleven patients with acne vulgaris

underwent 4–6 sessions of PDT with tryptophan and ribo-

flavin in 2–3 months. The results showed that PDT with

tryptophan and riboflavin could be an effective and safe

treatment for acne vulgaris. In this study, we observed a

significant reduction in comedone and papule acne counts

for PDT with RT gel and with ALA. These results corre-

late with those of previous studies that reported an acne

count reduction with PDT with ALA.5,12 PDT may aug-

ment epidermal turnover, unplug the follicles, and reduce

hyperkeratosis,8 and these results would decrease the trig-

gering factors of acne development. Nevertheless, the

improvements demonstrated in this study, at the first

week after treatment, were observed earlier than those in

previous studies. A more significant improvement in

comedone acne was seen for PDT with RT gel at week 3.

Natural porphyrins in sebaceous follicles serve as endo-

genous photosensitizers, which provide advantages after

A B

Figure 3 Fluorescence photographs (A) before and (B) after the treatment. In this

patient, the right side of the face was treated with PDTwith RT gel and the other

side was treated with PDTwith ALA.

A B

Figure 4 (A) Mean of porphyrin grading throughout the follow-up sessions. (B) Mean of sebum output throughout the follow-up sessions. (*p-value <0.05 comparison to

baseline within the therapeutic group, † p-value <0.05 for comparison of PDTwith RT gel and PDTwith ALA).
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exposure to blue or red light sources.19 Coproporphyrin III

and protoporphyrin IX (PpIX) may be produced by P. acnes

and are photosensitizing molecules that are fundamental

hemoglobin precursors. Coproporphyrin III can absorb ultra-

violet A (UVA) light (320–400 nm) and the blue light spec-

trum (maximum absorption peak near 415 nm or the Soret

band). UVA and blue light can have antibacterial and anti-

inflammatory effects.3 The anti-inflammatory activity of blue

light is attributed to its ability to reduce both the cytokine-

induced production of IL-1a and intracellular adhesion mole-

cule-1 (ICAM-1) in keratinocytes.20 An in vitro study

reported the bactericidal effects of red and blue light with

ALA on cultured P. acnes.21 Both blue and red LED light can

kill P. acnes, especially when illumination dose and fre-

quency are increased. However, blue light phototherapy has

better efficacy in eradicating P. acnes than red light photo-

therapy. In the current study, the porphyrin level measured by

fluorescence photography significantly diminished from the

second week in PDT with RT gel and from the first week in

PDT with ALA, without any differences between the

therapies. Fluorescence photography associated with bacter-

ial Coproporphyrin III and PpIX, which represented P. acne

populations.22 The outcomes support the mechanism of PDT

with RT gel and PDT with ALA that decrease P. acne.

Riboflavin with blue light or intense pulsed light activates

tryptophan and forms radicals that react with water mole-

cules to generate reactive oxygen species, which decreases P.

acne and sebum secretions. In 2014, Tim Maisch et al23

performed an in vitro study on the effect of cationic ribo-

flavin derivatives plus visible light for methicillin-resistant

Staphylococcus aureus, Enterohemorrhagic, Escherichia

coli, Pseudomonas aeruginosa, and Acinetobacter bauman-

nii. The results showed a significant reduction in viable

bacteria without human skin cell damage. It was assumed

that P. acne diminution in PDTwith RT gel was also caused

by bactericidal effects.

A well-controlled study by Hongcharu et al7 reported a

significant acne and sebum output improvement in back

acne using PDT with 20% ALA. The significant improve-

ment began at week 3 after the first treatment and

A

B

C

Figure 5 (A) Macroscopic images of the facial skin on the target area of the cheek treated by PDTwith RT gel. (B) The volume of the target area of the cheek treated by

PDTwith RT gel. (C) The roughness index of the target area of the cheek treated by PDTwith RT gel, measured by Antera 3D at every evaluation.
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continued for up to 20 weeks of follow-ups. In this study,

there was a significant reduction in sebum output within

both therapies, with no difference between them. The

sebum reduction in this study is explained by the mechan-

ism of direct sebaceous gland damage that led to acne

lesion count reductions. These results confirmed a mode

of action for PDT with photosensitizers other than anti-

inflammatory activity and photodynamic killing of P.

acnes. We have proposed this PDT mechanism of action,

regarding sebaceous gland direct damage, to explain both

A

B

C

Figure 6 (A) Macroscopic images of the facial skin on the target area of the cheek treated by PDTwith ALA. (B) The volume of the target area of the cheek treated by PDT

with ALA. (C) The roughness index of the target area of the cheek treated by PDTwith ALA, measured by Antera 3D during every evaluation.

Figure 7 Linear graph illustrating the median value of volume (*p-value <0.05

compared to baseline within the group).

Figure 8 Linear graph illustrating the median value of roughness index (*p-value

<0.05 compared to baseline within the group).
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P. acnes and sebum excretion reductions. However, some

actions of PDT for acne remain unclear.

The RT gel used in this study also contained minor com-

ponents such as glycolic acid and niacinamide. Glycolic acid

peeling helps reduce comedone, is well tolerated by most skin

types, and is a lipid-soluble comedolytic agent that diminishes

follicular corneocyte cohesion and aids comedo plug

dislodgment.24 Glycolic acid also hasmoderate growth restric-

tive and bactericidal impacts on P. acnes.25 The continuous

usage of 2% topical niacinamide for 4 weeks was shown to

significantly decrease sebum excretion in Japanese patients

and skin surface sebum levels in Caucasian patients.26

Arca27 used a topical 4% niacinamide gel twice daily and

found that it was effective and safe for mild to moderate

inflammatory acne. Glycolic acid and niacinamide may have

little benefits for acne treatment and may have contributed to

the clinical improvements observed in this study.

The results from PDT-ALA for the pore size and skin

texture in our clinical trial are similar to those from pre-

vious studies in terms of texture improvement.28–30

However, in our study, PDT-ALA showed a significant

improvement from the second week after treatment

onwards, which is earlier than that reported in previous

studies. The measured parameters of the pore size and skin

texture in this study demonstrated that using RT-gel as a

photosensitizer produced non-inferior outcomes compared

to ALA. Both PDT with RT-gel and ALA were effective

for pore size and skin texture.

Photodynamic therapy plus photosensitizers activate

the photochemical biomolecule electron transfer, thus pro-

ducing reactive oxygen species (ROS).31 The activation of

ROS or free radicals lead to tissue damage, causing cell

apoptosis, mitochondrial damage and activated signaling

molecules. Rossi et al32 described the molecular mechan-

ism of rejuvenation that can be achieved by TGF-β and

FGF production, acceleration of fibroblast activation, and

collagen type I-III synthesis. Moreover, PDT decreases the

collagen-degrading enzymes, such as matrix metallopro-

teinases (MMP) 1, 3, and 12. However, the exact molecu-

lar mechanism of rejuvenation by PDT on the net dermal

collagen production is still not fully understood. A study

by Park et al33 summarized that the net MMP levels

increased and type I collagen mRNA production

decreased, which is in contrast with previous studies. R

Glen Calderhead et al34 proposed that LED phototherapy

for skin rejuvenation caused degranulation of the dermal

mast cells and induced an inflammatory response, resem-

bling the first phase of wound healing. In 2017, Xiang

Wena35 reviewed that PDT elevated the type I and III

procollagen production, which led to dermal remodeling.

The increase in dermal collagen density and epidermal

thickness could improve skin aging.

Although ALA serves as the main effective photosen-

sitizer with PDT for acne treatment, this study demon-

strates that RT gel efficacy is as good as ALA efficacy.

The findings in both therapies can be explained by anti-

inflammation effects, direct sebaceous gland damage, and

P. acnes eradication. Riboflavin-tryptophan may have an

inferior side effect profile to ALA in terms of minor side

effects. No serious side effects were reported in both

groups in this study.

The limitations of this study included the use of an RT

gel with small amounts of glycolic and niacinamide, which

may improve acne, as well as pore size and texture of the

skin. The total study period was 7 weeks, and some addi-

tional benefits may have been observed if the follow-up

period was longer.

Conclusion
PDT with RT gel delivers clinical improvement in acne vul-

garis non-inferior to PDT with ALA. Both methods demon-

strate significant reductions in acne lesion count, acne severity,

P. acne population, and sebum production. The procedure is

non-invasive and effective for the treatment of mild to mod-

erate acne and for reducing pore size and improving skin

texture. The side-effects in both therapies were mild, tolerable,

and self-resolved within minutes. PDT with RT gel had very

good efficacy in treating mild to moderate acne and can be an

alternative therapy for acne vulgaris.
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