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Abstract

Photodynamic therapy (PDT) employs a photosensitizer (PS) and visible light in the presence of 

oxygen, leading to production of cytotoxic reactive oxygen species, which can damage the cellular 

organelles and cause cell death. In dermatology PDT has usually taken the form of topical 

application of a precursor in the heme biosynthesis pathway, called 5-aminolevulinic acid (or its 

methyl ester), so that an active PS, protoporphyrin IX accumulates in the skin. As PDT enhances 

dermal remodeling and resolves chronic inflamation, it has been used to treat cutaneous disorders 

include actinic keratoses, acne, viral warts, skin rejuvenation, psoriasis, localized scleroderma, 

some non-melanoma skin cancers and port-wine stains. Efforts are still needed to mitigate the side 

effects (principally pain) and improve the overall procedure.
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1. Introduction

The use of photodynamic therapy (PDT) in dermatology is gaining remarkable interest all 

over the world. Although most cutaneous disorders are still not considered to be life-

threatening, there is increasing demand from patients for improvements in their appearance, 

self-perception and quality of life. This is especially evident in advanced societies (both 

Western and Eastern) as disposable incomes rise. The major treatments in dermatology 

include pharmacotherapy, biologics, lasers/light sources, PDT and other non-surgical 

approaches. PDT employs a photosensitizer (PS) and visible light in the presence of oxygen, 
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leading to production of cytotoxic reactive oxygen species, which can damage the cellular 

organelles and cause cell death. PDT has been used to treat cutaneous disorders since the 

early 20th century. However, the range of indications has recently significantly. expanded 

The easy access of the skin to light-based therapy, the ongoing introduction of new light 

sources and novel PS, have worked together to encourage the application of PDT to a variety 

of cutaneous diseases. Improved effects have been demonstrated in a variety of dermatologic 

conditions. This article will review the clinical application of PDT in dermatology beyond 

non-melanoma cancer from 2013 to 2017.

2. Mechanisms of PDT

PDT basically requires three separate components: a non-toxic dye, termed a photosensitizer 

(PS); a low intensity of visible light; and a diseased “target cell or tissue” containing 

sufficient oxygen. A photochemical reaction takes place between these three components 

leading to the generation of cytotoxic reactive oxygen species (ROS) and consequently to 

cell and tissue destruction (Fig. 1). Two complementary photochemical reactions can take 

place from the long-lived triplet excited-state of the PS (3PS*). Firstly, in a Type 1 reaction, 

the 3PS can react directly with a substrate (often oxygen) undergoing an electron transfer 

reaction initially producing free radicals that may further react with oxygen to produce ROS 

(including hydroxyl radicals). Alternatively in Type 2 reaction, the PS can transfer its energy 

directly to ground state (triplet) molecular oxygen to form excited-state singlet oxygen (also 

a ROS). Both Type 1 and Type 2 reactions can occur simultaneously. On the cellular level, 

the mitochondrial pathway is the most likely mechanism by which PDT induces oxidative 

damage in the target cells, leading to induction of apoptosis [1–3].

Current data also suggest that the application of PDT to the skin can enhance dermal 

remodeling through the production of type I and III procollagen thereby increasing dermal 

collagen density and epidermal thickness, and making it possible to improve aged skin (Fig. 

1) [4]. Another in vivo study employed biochemical and immunohistochemical analyses 

after photodynamic therapy using topical 5-ALA and pulsed-dye laser treatment, and it 

demonstrated marked elevations in types I and III procollagen that lasted for at least 6 

months [5].

3. Photosensitizers

PS can be delivered to patients by several routes (topical, oral, or intravenous). The 

introduction of the photosensitizer-pro-drug called 5-aminolevulinic acid (5-ALA) was a 

breakthrough for PDT in dermatology. Topically applied 5-ALA is metabolized to 

protoporphyrin IX (PPIX) through the heme biosynthetic pathway. This pathway is common 

to all nucleated mammalian cells and leads from succinyl CoA and glycine through several 

intermediates to PPIX and finally to heme. There is a natural feedback control mechanism, 

whereby excess heme inhibits the ALA-synthase enzyme and prevents accumulation of 

possible phototoxic intermediates in cells. However when exogenous ALA (or the easily 

hydrolyzed methyl ester of ALA called MAL) is added to the system, PPIX accumulates in 

the cels since the final enzyme (ferrochelatase) is then rate-limiting (Fig. 2) [6]. The 

accumulated excess of PPIX generates ROS after illumination leading to apoptosis and 
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necrosis of targeted tissue. The 5-ALA molecule is small enough to penetrate the skin 

barrier and can accumulate within pilosebaceous units and hyperproliferative keratinocytes 

compared to normal skin, making the treatment selective. Moreover in many cutaneous 

pathologic lesions, the barrier function of the stratum corneum is compromised, so this 

further increases the selective penetration of ALA. An additional advantage is that PPIX is 

used up (photobleached) during the irradiation, which makes the risk of PDT overtreatment 

relatively low [7, 8]. Another frequently used PS prodrug (especially in Europe) is methyl 

aminolevulinate (MAL), which is an esterified form of ALA, with more lipophilic 

properties, allowing for deeper penetration into the skin compared to ALA. A wide range of 

studies have been performed with the MAL in cosmetic dermatology. A relatively new 

product is the porphyrin-based PS called hematoporphyrin mono-methyl ether (HMME, 

Hemoporfin) [9]. Hemoporfin has shown strong photodynamic effects, and hemoporfin-

based PDT induces significant cell death with lower toxicity and a shorter-term skin 

phototoxictiy, compared with a previous photosensitizer with similar structure called 

Photofrin (Fig. 3).

4. Light sources

The absorption spectrum of PPIX is maximally activated at 410 nm (Soret band) with 

significantly lower peaks at 505, 540, 580 and 635 nm (Fig. 4), so many different light 

sources can be used in PDT, including broad-spectrum continuous-wave light sources or 

lamps (white, blue, red, or green light), lasers, intense pulsed light sources (IPL), filtered 

xenon arc lamps, metal halide or fluorescent lamps, and more recently light emitting diodes 

(LED). Currently, a new trend has emerged towards the use of daylight as a light source 

(both at home and under clinical monitoring) termed daylight PDT (dPDT). Daylight is the 

combination of direct and diffuse sunlight that predominates outdoors during the daylight 

hours. The idea that all PPIX absorption peaks are within the visual spectrum of daylight led 

to the use of dPDT with many benefits to patients in terms of convenience and reduced pain. 

Since the power density of sunlight is much lower than artificial red light sources used in the 

clinics, the overall treatment takes much longer, but the patients are compensated by much 

less pain, and the opportunity to sit pleasantly outside for some hours reading a book.

5. Temperature and PDT

The critical role of skin temperature on the efficacy of PDT is just starting to be appreciated. 

A one-year follow-up study demonstrate a significant increase in the efficacy of thermally 

modulated PDT on the extremities for actinic keratoses, and suggested that warming the skin 

after the application of ALA was well tolerated and increased the long-term efficacy of PDT 

[10]. The underlying mechanisms of the temperature effect include a better PS uptake into 

cells, and/or a higher PpIX production rate inside the cells, together with vasodilatation of 

skin blood vessels leading to an improved oxygen supply during PDT [11].

6. Clinical Applications

PDT is a widely approved therapy in dermatology. Many applications have been evaluated, 

including both cosmetic and clinical indications. The recommendations contained in the 
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European dermatology forum guidelines on topical PDT [12], including actinic keratoses, 

acne, viral warts, photorejuvenation, psoriasis, hypertrophic and keloid scars will be 

reviewed, as well as the use of systemic PDT (intravenously injected photosensitziers) on 

port wine stains.

6.1 Actinic keratoses (Strength of Recommendation A, Quality of Evidence 1)

Actinic keratoses (AKs), are frequently caused by long-term sun exposure, and are 

considered to be precursor lesions that can go on to develop into invasive squamous cell 

carcinoma. AKs respond well to PDT; in a network meta-analysis for 5-ALA PDT, 

cryotherapy, diclofenac 3% in 2.5% hyaluronic acid (DCF/HA), 5-fluorouracil (5-FU) 0.5% 

or 5.0%, imiquimod 5%, ingenol mebutate (IMB) 0.015–0.05%, MAL-PDT and placebo, the 

relative efficacy rankings were as follows: 5-FU > ALA-PDT ≈ IMI ≈ IMB ≈ MAL-PDT > 

cryotherapy > DCF/HA > placebo [13]. Another meta-analysis including 9 randomized PDT 

clinical trials compared ALA-PDT or MAL-PDT with cryotherapy, PDT had a 14% better 

chance of lesion clearance compared with cryosurgery for thin AKs on the face or scalp 

[14]. Efficacy, cosmetic outcome and patient overall satisfaction with MAL-PDT were 

reported to be superior in comparison with DCF/HA in a recent randomized clinical trial 

[15].

However, the efficacy of PDT on distal extremities was lower than for those situated on the 

face and scalp. Recently, Willey et al [16] reported the efficacy and tolerability of 

temperature-modulated PDT for the treatment of AKs on the extremities. The upper and/or 

lower extremities of 20 subjects were treated with 20% ALA-PDT. The side of the body that 

was heated during incubation with ALA (1h, 38.8°C) responded significantly better than the 

control (non-heated) side at 2 and 6 months. Both procedures were well tolerated. PDT as a 

treatment for AKs has been tested in different races and skin colors. It was reported that 

ALA-PDT was safe and effective for Chinese AK patients [17]. PDT has also been shown to 

be an efficient and well tolerated treatment modality for AKs in immunosuppressed patients 

[18]. Researchers have made a variety of efforts to improve the efficacy of PDT against 

AKs. Pulsed lasers that create micro-channels may facilitate ALA delivery thus improving 

PDT response. Choi et al [19] applied Erbium: yttrium-aluminum-garnet (Er:YAG) 

fractional laser-assisted MAL-PDT (FL-PDT) with 2 and 3h incubation times, compared 

with MAL-PDT alone for the treatment of facial and scalp AKs. 3h-FL-PDT had a higher 

efficacy and yielded a lower recurrence rate than 2h-AFL-PDT and 3h-MAL-PDT. Another 

prospective, randomized, non-blinded 3h long incubation study also demonstrated that FL-

PDT was significantly more effective than MAL-PDT [20]. Other treatment modalities that 

can be combined with PDT to enhance the efficacy of PDT have been reported. Haedersdal 

et al compared the efficacy of a single treatment with either ablative fractional laser 

(AFXL)-assisted PDT vs. AFXL alone for difficult-to-treat AKs in organ transplant 

recipients. Complete response rates were significantly higher for AFXL-PDT (73%) 

compared with AFXL alone (31%) [21]. In addition, topical 5% 5-fluorouracil (5-FU) cream 

has been reported to enhance the treatment efficacy of PDT in 24 patients with Aks on the 

hands [22]. Moreover, a new stable nanoemulsion-based gel formulation of 5-ALA for PDT 

of AKs was reported to be more efficacious when compared with MAL cream [23].
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Most recently, studies with daylight-PDT have been reviewed elsewhere. Daylight-PDT has 

been reported to be “not inferior” to conventional PDT in most of the studies with high 

tolerability and greater patient satisfaction, that was demonstrated by a systemic review and 

meta-analysis [24]. The activation of PPIX by daylight exposure means that the power 

density is much lower than that of traditional light sources, and this means that the pain 

suffered by patients during PDT is significantly less. So far daylight-PDT has been used to 

treat different grades of AKs in different geographical locations (Table 2).

PDT is generally preferred as a treatment modality for AKs verses other competing 

treatments because of its improved cosmetic effects. In the most recent expert consensus, 

dPDT has been positioned as a valuable option for patients with multiple AKs in small or 

large fields [25].

6.2 Acne (Strength of Recommendation B, Quality of Evidence I) and acne scarring

PDT has been widely used as a treatment modality for the most common (and one of the 

most distressing) dermatologic disorders, acne vulgaris (Fig. 5). On the basis of a systemic 

review including 36 clinical trials, it was shown that PDT is safe and effective for both 

inflammatory and non-inflammatory acne lesions, and can improve the severity of lesions 

from mild to severe [26]. Table 1 summarizes some of the important studies covering the use 

of ALA-PDT for acne. Blue light is the most potent wavelength for activation of the 

endogenous porphyrin components of Propionibacterium acnes because the 407–420 nm 

band possesses the highest absorption coefficient in the porphyrin spectrum. There have 

been studies of the use of blue light alone (without any application of ALA) to treat acne 

[27]. However, blue light has a poor depth of penetration into the skin (limited to only 

approximately 1mm) while red light can penetrate to about 3 mm (albeit it with much lower 

absorption by PPIX). The selective destruction of the sebaceous gland unit and eradication 

of P. acnes are thought to be the mechanisms of action of PDT in acne [28]. The rise in 

antibiotic-resistant strains of P. acnes makes alternative therapies mandatory. The main 

advantages of PDT for acne are its excellent results despite low invasiveness, especially in 

patients who have not responded to topical therapy and oral antibiotics, and are not good 

candidates for isotretinoin [29].

Acne scarring is a common complication of acne, and is both disfiguring and challenging 

despite various currently available treatments. One single-center, double-blinded, 

randomized, pilot study (n=6) used 20% ALA or vehicle solution alone to either the right or 

left sides of the face for a 60-minute incubation followed by 417 nm blue light after full-face 

treatment with microdermabrasion, and showed 80% of patients displayed a greater 

improvement in scarring on the ALA-treated side after five sessions [30]. Another 

prospective, single-arm, pilot study enrolled forty subjects with severe acne. The patients 

were treated with 15% ALA-PDT for four times, then they received ablative fractional 

Er:YAG laser five times, an 80% overall improvement in acne scars was noted [31].

6.3 Viral warts (Strength of Recommendation B, Quality of Evidence I)

Warts consist of benign cutaneous hyper-proliferative lesions resulting from infection with 

human papilloma viruses (HPV). The treatment of warts poses a therapeutic challenge; warts 
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that are recalcitrant to therapy and recurrent warts remain a problem. Burtica et al. [32] 

initially treated a man with recalcitrant facial warts with topical 80% trichloroacetic acid and 

0.05% isotretinoin solution for 1 month to reduce the thickness of the warts. Subsequently, 

MAL-PDT was used with red light and showed 60% and 100% clearance after the first and 

second session respectively. Complications were mild. A biopsy showed no recurrence at 1-

month follow-up.

Li et al. [33] treated a total of 6146 lesions in 55 patients. ALA-PDT with 633 nm red light 

at concentrations of 5%, 10% and 20% were used and applied for 4 h. Three sessions were 

repeated at 2-week intervals. The mean overall clearance was 74.1%, 68.8% and 64.6% at 4, 

8 and 12 weeks respectively. Complete response rate was the lowest in the 5% ALA group, 

while hyperpigmentation was more developed in the 20% group. The overall recurrence rate 

was 16.7%.

Qian et al. [34] enrolled 30 patients into a step-up regimen (dose escalation). The first 

session included 5% ALA for 1.5 h with 10 min of LED irradiation. The second session 

used 10% ALA for 3 h with 20 min of irradiation. The third session used 20% ALA for 3 h 

with 20 min of irradiation. The treatment interval was 2 weeks. Patients with fulminant 

lesions (n=10) exhibited 100% cure rate at day 15, with no recurrence at 6-month follow-up. 

18 patients received second session with complete remission response in three patients. 15 

patients underwent the third session and numbers of complete resolution, partial resolution 

and no response were 10, 1, and 4 respectively. Patients reported fewer adverse events with 

subsequent treatments even though the concentration of ALA was increased.

Yang et al. [35] treated 12 patients with recalcitrant flat facial warts. 10% ALA gel was 

applied topically to the lesions and the incubation time was 3h. LED light at 630 ± 10 nm at 

an irradiance of 60–100 mW/cm2 was used. Ten patients completed three sessions and of 

these five had complete lesion clearance while the other five were significantly improved. At 

the 24-week follow-up, the average success rate was 88.8% with no recurrences.

Combination therapy using a super pulsed carbon dioxide (CO2) laser together with ALA-

PDT in patients with recalcitrant flat facial warts was reported [36]. All lesions in 6 patients 

showed complete response after two to four treatment courses in 3 month follow-up with no 

relapsed cases after 3–18 months.

PDT is a treatment that offers good results in the treatment of viral warts, especially for 

those patients who are resistant to routine treatment.

6. 4 Skin rejuvenation (Strength of Recommendation A, Quality of Evidence1)

Clinical observations have shown that PDT is associated with high level of improvement in 

the signs of photo-aging such as fine lines, wrinkles, dyspigmentation, sallowness, 

roughness and telangiectasia. In one study, Torezan [37] et al reported treating ten patients 

with facial photodamage and actinic keratoses with MAL-PDT or microneedling-assisted 

PDT. In this prospective, randomized, split face study, they were able to demonstrate the 

effectiveness of both modalities in the treatment of photodamage, mottled pigmentation, 

roughness and sallowness, with the superior efficacy of microneedling-assisted PDT 
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compared to MAL-PDT alone on fine lines at day 30. At day 90, facial erythema and coarse 

wrinkles also improved in the microneedling-assisted PDT side of the face, in addition to 

fine lines for the MAL-PDT side. Side effects were more common and intense on the 

microneedling-assisted PDT side. Ji [38] et al reported the results of 10% ALA-PDT and red 

light alone in the treatment of forearm extensor photoaging in 14 patients. Impressively, the 

change of appearance of photoaging lesions, stratum corneum hydration and transepidermal 

water loss (TEWL) were more obvious in the ALA-PDT group. The signs of typical damage 

due to solar elastosis were improved in both groups. Zhang [39] et al evaluated a single 

treatment with red light, red light-PDT, IPL or IPL-PDT for photodamaged neck skin. In this 

randomized, single-blinded study, the appearance of photoaging lesions was improved. The 

stratum corneum hydration, L* value, elasticity and thickness increased whereas the TEWL 

and melanin index value decreased with superior changes in the red light-PDT and IPL-PDT 

group. The a* and erythema index value increased in the red-light PDT group. No 

significant change was observed in the red light group. A randomized, controlled, split face, 

single blinded study used a 0.5% 5-ALA liposomal spray for periorbital wrinkles in Asians 

[40]. One half of the face was treated with IPL-PDT and the other half with long pulsed 

Nd:YAG laser. Lateral periorbital wrinkles treated with PDT showed better results than the 

control (Nd-YAG) side without serious adverse effects. Sanclemente [41]et al assessed sixty 

patients with symmetric facial photodamage with different treatments, MAL and daylight vs. 

matching placebo and daylight. They found that dPDT with MAL was safe and effective for 

the treatment of facial photodamage.

PDT can both rejuvenate their skin and also treat their visible or incipient UV-induced 

lesions, it shows excellent efficacy and tolerability.

6. 5 Psoriasis (Strength of Recommendation D, Quality of Evidence 1)

There have been a large number of studies devoted to the treatment of psoriasis with PDT. 

Initial research [42] showed that PDT might be helpful, but later studies could not confirm 

these expectations. A systematic review and meta-analysis searched Medline, Embase, and 

Cochrane databases during the period of January 1980 to June 2012, including 765 studies, 

and found that the pooled effect estimate of the efficacy of topical PUVA, targeted UVB and 

PDT were 77%, 61%, 22% respectively. PDT has high percentage of side effects in treating 

localized psoriasis [43]. Moreover, another systematic search of the PubMed Medline 

database disclosed that topical ALA-PDT failed to demonstrate a consistent, efficacious 

response and frequently suffered from intolerable adverse reactions (severe pain and burning 

sensations) [44]. Current evidence of PDT remains unclear for psoriasis with disappointing 

efficacy and unwanted side effects.

6. 6 Emerging indications

6.6.1 Localized scleroderma—Localized scleroderma is a cutaneous fibrotic disorder, 

characterized by increased dermal collagen accumulation. Five patients with localized 

scleroderma responded well to PDT [45]. In these patients, the sclerosis was found to have 

regressed significantly following a course of treatment that lasted between 3 and 6 months. 

This finding attracted great interest, as the direct effect of PDT cannot reach the layers of 

dermis where the pathological changes occur in scleroderma. It was hypothesized that PDT 
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may influence dermal fibroblasts into producing increased amounts of collagen-degrading 

matrix-metalloproteinase (MMP1 and MMP3) [46].

6.6.2 keloids (Strength of Recommendation C, Quality of Evidence II–iii)—This 

mechanism may also be used to explain the recent findings of PDT for treatment of keloid 

disease. Keloids are a type of scar formed from fibroproliferative dermal tissue characterized 

by the excessive proliferation of fibroblasts. Mendoza et al. [47] evaluated the cytotoxic 

effects of PDT using MAL and ALA on KD fibroblasts compared to normal skin fibroblasts. 

Li et al. [48] investigated the effects of ALA-PDT and showed that hypertrophic scar-

derived fibroblasts accumulated more PpIX. A clinical study used MAL and red light 

(37J/cm2) to treat keloids with PDT once per week for 3 weeks [49]. They found that blood 

flow, collagen, and hemoglobin levels significantly decreased from week 1 to 3 and 

pliability increased significantly (p = 0.001). Only one patient with a keloid in a stress-prone 

anatomical location experienced recurrence of KD. All other patients had no recurrence at 9-

month follow-up. Larger studies are needed to confirm the efficacy of PDT for these two 

conditions.

6. 7 Port-wine stains

Port-wine stains (PWS) are common congenital and progressive vascular lesions appearing 

mainly on the face and neck that can represent a serious disfigurement. Pulsed-dye laser 

(PDL) is the current standard treatment for PWS. However, about 20% of PWS are resistant 

to PDL [50]. Vascular-targeted PDT with an intravenous injection of a hematoporphyrin 

derivative followed after a short time by irradiation might be an alternative for the treatment 

of PWS (Fig. 6). Gao et al [51] compared the effect of PDT and PDL in two adjacent flat 

areas of PWS lesions from 15 patients in a randomized, controlled, single-blind study. 

Patients received either single-session PDL or PDT and were followed up colorimetrically 

and visually at least two months. The study demonstrated that PDT was as effective as PDL 

and even superior in some cases. The similar comparison was conducted in pediatric patients 

[52]. A total of 260 patients between 3 and 10 years old with facial PWS received either 585 

nm PDL or Hemoporfin-PDT were analyzed in this retrospective study. The rates of 

excellent response in PDT and PDL group were 25.0% and 10.9% respectively. The overall 

response rate of PDT was superior to PDL for purple lesions (93.0% vs. 75.6%), whereas the 

pigmentation and scar formation in PDT group were lower. Recently, Yu et al [53] reported a 

case of long-term (18 years) follow-up of PWS lesions after PDT. The lesions presented 

stable and observed no obvious recurrence. Histological data of residual PWS revealed 

smaller vessels post-treatment. Hemoporfin has been used in PDT to treat port-wine stain. 

One randomized clinical trial compared PDT-Hemoporfin group with PDT-placebo group. It 

was reported that HMME-mediated PDT and 532 nm continuous wave laser was effective 

and safe for adolescent and adult patients with port-wine stains [54]. Tang et al [55] 

recruited 50 patients with PWS and assigned them randomly to the HMME-PDT group or 

the placebo group in session 1, both groups received HMME-PDT in the second session. 

Two sessions of treatments failed to show accumulation effects on treatment reactions. And 

positive correlation between treatment efficiency and the severity of scab or pain might be 

positive. PDT using the systemic porphyrin-related photosensitizer appears to represent an 

effective approach for treating PWS.
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7. Adverse effects

The goal of using PDT in cosmetic disorders is to improve the overall aesthetic appearance, 

but it is possible that PDT could result in poor or even undesirable outcomes due to 

production of adverse effects (Fig. 7). These phototoxic reactions may be variable in 

intensity and duration (Table 3), and can also vary markedly from patient to patient and even 

from lesion to lesion. Even in dPDT studies, erythema and crusting were the most common 

adverse findings. Ways to make PDT more acceptable should be considered. Recent studies 

revealed that superpotent corticosteroid before and just after PDT reduced the erythema 24 h 

after treatment of multiple AKs[56]. The further clinical trail found that pulse-PDT (short 

incubation time) significantly reduced post-treatment erythema [57]. Both the ways did not 

compromise efficacy. Recently, Gerber reported a case with post-treatment erythema treated 

with Brimonidine tartrate (BT) 0.33% gel. The observation demonstrates that BT effectively 

reduces erythema and improve the tolerability of dPDT [58].

8. Concluding remarks

PDT is a therapeutic procedure used with increasing frequency in cosmetic dermatology, as 

it has advantageous features both for clinical application and lowering the costs of 

treatment., However in some circumstances non-healthcare professionals may perform the 

treatment, which could increase hazards to both patients and care providers. Care must be 

taken to ensure the qualifications and training of healthcare providers.

PDT has been widely used for many off-label purposes in cosmetic dermatology with great 

success. Although the therapeutic protocols regarding use of PDT in many cosmetic 

cutaneous diseases have not yet been standardized, and vary significantly between the 

different literature studies, PDT will likely continue to be explored thoroughly for cosmetic 

use. Nevertheless it is recommended that physicians should always employ careful 

assessment of protocols and individual patients, and educate patients with regard to realistic 

outcomes and proper precautions.
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Highlights

ALA-mediated PDT is growing in popularity in cosmetic dermatology

PDT can cause collagen remodeling and can resolve acute inflammation

PDT has been used to treat acne and daylight PDT is becoming used

Skin rejuvenation, viral warts, psoriasis, localized scleroderma, keloids.

Pain is the main side-effect of ALA-PDT
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Figure 1. 
Mechanisms of PDT for cutaneous diseases
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Figure 2. Use of exogenous ALA to bypass regulation of heme biosynthetic cycle to produce 
excess PPIX that acts as a potent PS within mitochondria
ALA-S = 5-aminolevulinic acid synthase

ALA-D = 5-aminolevulinic acid dehydratase

PBG-D = porphobilinogen deaminase

UCS = uroporphyrinogen co-synthase

UGD = uroporphyrinogen decarboxylase

CPO = coproporphyrinogen oxidase

PPO = protoporphyrinogen oxidase

FCH = ferrochelatase
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Figure 3. 
Absorption spectra of PPIX and emission spectra of various light sources
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Figure 4. 
Chemical structures of HMME or Hemoporfin along with HPD or Photofrin
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Figure 5. Improvement of skin lesions on a patient with acne vulgaris
(a) Before treatment. (b) After 3 sessions of ALA-PDT.
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Figure 6. Patients with port-wine stains treated with PDT
(a) Before treatment. (b) Excellent response after 2 sessions of PDT.
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Figure 7. Adverse effect of PDT
(a) A patient with viral warts. (b) Peeling after 1 session of ALA-PDT.
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Table 1

Summary of studies on daylight-PDT in actinic keratoses (AKs)

Reference N Type of trial; Study 
population

Light source (dose); Session number 
(interval); Follow-up

Results

Togsverd-Bo et al.[59] 16 Prospective, randomized, 
controlled, blinded; Scalp, 
chest, extremities

Ablative fractional laser (AFL) 
pretreatment 16% MAL-PDT with daylight 
(30 min after MAL application, 120 min) 
versus conventional MAL-PDT with LED 
(630 nm, 68 mW/cm2, 37 J/cm2); single 
Tx; 3 months

Efficacy and tolerability: 
AFL-pretreatment combined 
with daylight-PDT (dPDT) > 
MAL conventional PDT 
(cPDT).

Rubel et al. [60] 100 Randomized, controlled, 
investigator-blinded, 
multicenter, intra-
individual; face, scalp

MAL-PDT with daylight (30 min after 
MAL application, 120 min) versus 
conventional MAL-PDT with red light; 
single Tx; 24 weeks

Mild AKs response rate: 
dPDT ≈ cPDT, dPDT was 
better tolerated, nearly 
painless and more 
convenient.

Neittaanm aki-Perttu et al. 
[61]

13 Randomized, split-face, 
prospective, observer-
blinded; Grade I-III AKs

BF-200 ALA-dPDT versus MAL-dPDT; 
once for grade I AKs, twice for grade II-III 
AKs; 3 months

Clearance rate for grade I: 
BF-200 ALA-dPDT > MAL-
dPDT; for grade II: BF-200 
ALA-dPDT ≈ MAL-dPDT.

Lacour et al.[62] 100 Phase III, multicentre, 
randomized, investigator-
blinded, controlled, intra-
individual; mild to 
moderate AKs

MAL-PDT with daylight (30 min after 
MAL application, 120 min) versus MAL 
PDT with red light (37 J/cm2); single Tx; 
12 weeks

Mild or moderate AKs 
response rate: dPDT ≈ 
cPDT, dPDT was better 
tolerated, nearly painless 
with high patient 
satisfaction.

Fargnoli et al.[63] 35 Prospective, intra-patient, 
left-right, comparison; 
face or scalp

MAL-PDT with daylight (30 min after 
MAL application, 120 min) versus 
conventional MAL-PDT with red light (37 
J/cm2); single; 3–6 months

Clearance rate for grade I: 
dPDT ≈ cPDT; for grade II 
and III: dPDT < cPDT. 
dPDT was associated with 
lower pain and reduced 
severity of local adverse 
events.

Lane et al.[64] 80 Prospective; multiple AKs 
on the face, chest, arms 
and legs

ALA-PDT with daylight (shade 2.5 h for 
the first day and 15–30 min for the 
following day); one or two sessions; 3 
months

Significant reduction in 
lesions and patients tolerated 
well.

Spelman et al.[65] 100 phase III, randomized, 
controlled; mild AKs on 
face and scalp in eight 
different geographical 
locations throughout 
Australia

MAL-PDT with daylight (direct light for 2 
h, light intensity 305 W/m2) versus MAL-
PDT with red light;

dPDT can be used to treat 
face and scalp AK in 
Australia effectively 
throughout the entire year as 
long as weather conditions 
permit daylight exposure and 
allow participants to remain 
under direct light for 2 h.

Grinblat et al.[66] 14 Prospective; Grade I to II 
AKs on the face

MAL-PDT with daylight (direct light for 
60–90 min); 1 to 3 sessions; 3 months

The average reduction for a 
single session of dPDT was 
87.9%; no recurrence after 3 
months, none of patients had 
severe side effects.

Calzavara-pinton et al.[67] 22 Comparative, intra-
patient, split face, 
randomized; Grade I to II 
AKs on the face and scalp

MAL-PDT with daylight (single session) 
versus ingenol mebutate gel with daylight 
(3 days’ treatment cycle); 3 months

Both treatments had a 
similar efficacy.

Genovese et al.[68] 27 Intraindividual 
comparative analysis; 
Grade I to II AKs on the 
face and scalp

dPDT versus ingenol mebutate (IM); single 
session; 6 months

Clearance rate was similar.

O’ Gorman et al. [69] 22 Prospective, randomized, 
single-blind, split-scalp; 
AKs on the forehead and 
scalp

MAL-PDT with daylight versus MAL-
PDT with artificial white light (AWL) 
LED; treatment last for 3 months; 9 
months

The reduction in total AK 
count per treatment field was 
similar in all timepoints.
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Reference N Type of trial; Study 
population

Light source (dose); Session number 
(interval); Follow-up

Results

Neittaanm aki et al.[70] 14 Prospective, controlled, 
single-blind; grade I to III 
AKs on the face or scalp

dPDT with 0.2% hexylaminolaevulinate 
(HAL) versus dPDT with 16% MAL; 3 
months; 12 months

The mean lesion clearance 
was 67% with HAL and 66% 
with MAL.
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Table 2

Use of PDT in the treatment of acne

Reference N Type of trial; Study 
population

Light source (dose); Session 
number (interval); Follow-up

Results

Asayama-Kosaka et al.[71] 11 Prospective, investigator-
blinded; Fitzpatrick skin types 
III to IV

5% ALA-PDT with broadband 
(600 to 1100 nm, 15 J/cm2) light; 
Once; 3 months

Decrease in global acne 
grading score.

Yang et al.[72] 75 Prospective, parallel-arm, open; 
facial acne conglobata

5% ALA-PDT with red light (633 
± 10 nm, 100 mW/cm2 and 50 J/
cm2) versus Chinese herbal 
medicine mask with red light; 3 
courses (10 days); 34–35 days

ALA-PDT > control group.

Chen et al.[73] 50 Prospective, randomized, 
controlled; moderate to severe 
facial acne

5% ALA-PDT with red light (633 
± 10 nm, 10 mW/cm2 and 120 J/
cm2) versus red light alone; 3 
courses (1 week); 6 weeks

ALA-PDT > red light alone 
at weeks 4 and 6.

Calzavara-Pinton et al.[74] 92 Retrospective, observational, 
open study;

MAL-PDT with red light (635 ± 18 
nm, 37 J/cm2); 2–4 treatments (2 to 
4 weeks); 2.1 ± 1.8 months

Improvement in acne: 
marked (77.2%), moderate 
(13.0%), poor (9.8%). The 
marked response was 
maintained at follow-up by 
72.8% patients.

Kwon et al.[75] 46 Prospective, double blinded, 
randomized, vehicle-controlled; 
facial acne

ALA-bu (1.5% 3-butenyl ALA-bu 
gel)-PDT with daylight; every day; 
12 weeks

Inflammatory and non-
inflammatory lesions 
reduction: 58.0%, 34.1% 
respectively. No significant 
change in the control group.

Liu et al.[76] 150 Controlled, randomized; 
moderate to severe acne

5% ALA-PDT with red light (633 
± 6 nm, 105 mW/cm2 and 126 J/
cm2) versus Intense pulse light (420 
nm, 30–40 ms, 11–15 J/cm2) versus 
LED (combination of 415 ± 5 nm 
blue light with 40 mW/cm2 and 633 
± 6 nm red light with 105 mW/cm2) 
versus control; Until the 
inflammatory lesion count reduced 
by ≥90% (1 week versus 1week 
versus 2–3 days); 3 months after 
the end of treatment

At 1 month, PDT>IPL>LED. 
Mean number of sessions 
required, PDT: 3 ± 1.52; IPL: 
6 ± 2.15; LED: 9 ± 3.34. 
After 3 months, patients with 
recurred lesions 
PDT<IPL<LED.

Tao et al.[77] 125 Prospective; Severe facial acne 
vulgaris, Fitzpatrick skin types 
III to IV

3.6% ALA-PDT with LED light 
(633 nm, 66 mW/cm2 and 126 J/
cm2); 3 courses (2 weeks); 12weeks

The total effective rates after 
the initial treatment were 
1.6%, 24.8%, 68.8%, 89.6% 
and 88.8% at the 2- 4- 6- 8-
and 12-week respectively.

Song et al.[78] 24 Randomized, single-blinded, 
controlled, split face; equivalent 
acne severity between the 2 
sides of face

Topical chlorophyll-a-PDT versus 
LED only (430 ± 10 nm blue light 
with 600 mW/cm2, 1170 J/cm2, 660 
± 10 nm red light with 650 mW/
cm2, 1080 J/cm2); 8 sessions (twice 
per week); 6 weeks

Chlorophyll-a-PDT > LED in 
reducing acne lesion counts, 
acne severity grades, and 
sebum levels.

Dessinioti et al.[79] 12 Prospective; inflammatory acne 
vulgaris on the face

4% MAL-PDT with LED (635 nm, 
37 J/cm2); 2 treatments (1 week); 4 
weeks

Reduced acne lesion counts: 
35% at week 1 and 30% at 
week 4.

Dong et al. [80] 46 Prospective; moderate to severe 
acne vulgaris

10% ALA-PDT with LED (red and 
green light at a peak wavelength of 
630 ± 6 nm, 543–548 nm, 250 
mW/cm2, 230 J/cm2); 2–3 
treatments (30 days); 12 weeks

Overall effectiveness rate: 
89.13%, maximum efficacy 
was shown at the 12 weeks 
follow up.

Hong et al.[81] 20 Prospective, controlled, split 
face; Fitzpatrick skin types III 
to IV and active acne lesions

MAL plus red light (wavelength 
not mentioned, 34 mW/cm2, 22 
J/cm2) versus MAL plus IPL (530–
750 nm, 2.5 ms, duration with 10 

Red light and IPL were both 
effective with a faster 
response time for red light.
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Reference N Type of trial; Study 
population

Light source (dose); Session 
number (interval); Follow-up

Results

ms delay, 8–10 J/cm2); 3 treatments 
(2 weeks); 8 weeks

Ma et al.[82] 21 Prospective; Adolescents 
patients with Pillsbury III to IV 
severe facial acne

5% ALA-PDT with LED (633 nm, 
75–80 mW/cm2, 90–96 J/cm2);3 
courses; 8 weeks

ALA-PDT 3 sessions > 
ALA-PDT 2 sessions > 
ALA-PDT 1 session.

Moftah et al.[83] 35 Prospective, randomized, 
comparative, split body; truncal 
acne vulgaris

MAL-PDT with IPL (550–1200 
nm, pulse duration of 30 ms, 8 cm 
spot size, 13–16 J/cm2) versus IPL 
alone (same parameters); 3 
treatments (1 week); 1 month

MAL-PDT > IPL.

Pariser et al. [84] 19 Double-blinded, randomized, 
vehicle-controlled multicenter; 
Fitzpatrick skin types I to VI 
and severe facial acne vulgaris

80mg/g MAL-PDT with red light 
(635 nm, 37 J/cm2) versus vehicle 
PDT; 4 treatments (2 weeks); 12 
weeks

MAL-PDT > vehicle PDT in 
reducing inflammatory 
lesions, with no significant 
improvement in non-
inflammatory lesions.

Pinto et al. [85] 36 Prospective, controlled; mild to 
moderate facial acne

160mg g-1MAL-PDT with red light 
(635 nm, 37 J/cm2, 70 mW/cm2) 
versus red light alone; 2 sessions (2 
weeks); 10 weeks

Total response: MAL-PDT > 
red light alone, MAL-PDT 
had a rapid clinical 
improvement.

Seo et al. [86] 47 Prospective; Fitzpatrick skin 
types III–V

0.1% ICG-PDT with diode laser 
(25% in 810 nm and 75% in 940 
nm, 12 mm spot size, 200–300 ms 
pulse duration, 18–22 J/cm2); 3 or 5 
sessions (2 weeks); 2 weeks after 
the last treatment

Significant reduction in acne 
lesions; ICG-PDT 5 sessions 
> ICG-PDT 3 sessions.

Qureshi et al.[87] 3 Case series; refractory 
inflammatory and cystic acne

Pre-treat with non-ablative 
fractional laser and followed by 
20% ALA-PDT; single; 6 months

Two patients had remission 
of acne after treatment.

Yew et al.[88] 15 Prospective; truncal acne in 
Asians

5% ALA-PDT with red light (630 
nm, 37 J/cm2, 38 mW/cm2); single; 
12 weeks

64.2% reduction in the 
inflammatory lesions count 
and 24.3% reduction in the 
non-inflammatory lesions 
count.

Tao et al.[89] 136 Prospective; moderate to severe 
acne

3.6% ALA-PDT with red light; 
three sessions (2 weeks); 12 weeks

The total effectiveness rate 
and cure rate was 92.65% 
and 47.06%, respectively.

Park et al.[90] 1,213 Retrospective; facial acne Indocyanine green (ICG)-PDT and 
IPL; three or five treatments (2 
weeks)

Marked to excellent 
improvement was 39.8%, 
minimal to moderate 
improvement was 60.2% with 
high patients’ satisfaction 
scores.
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Table 3

Adverse effects of photodynamic therapy

Time point Adverse effects

During the treatment Pain, burning, stinging, prickling sensation

Post treatment Erythema

Short-term and medium-term Edema, scabbing or crusting, peeling Vesicle, blister, infection, contact dermatitis, [91] bruise, [92] urticaria, [93] 

skin

Long-term Phototoxicity, scar formation, hyperpigmentation, hypopigmentation
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