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Abstract
Photodynamic therapy (PDT) is a relatively new therapy 
in dermatology that uses the topical application of a 
porphyrin derivative to selectively destroy a cutaneous 
target. The action is implemented by the application 
of a specific light frequency. The ability of porphyrin to 
selectively target tumor tissue has been known since 
the 1960s. In the late 1970s, the underlying mecha-
nism was defined, and Dougherty’s discovery of the 
first chromophore led to the production and commer-
cialization of Photofrin®. Many other chromophores 
that can act as photosensitizers have been studied 
since then, with aminolevulinic acid currently the most 
commonly used chromophore in clinical practice. PDT 
is simple, minimally invasive and can be administered 
on an outpatient basis. The efficacy of PDT has been 
proven for actinic keratosis, Bowen’s disease and basal 
cell carcinoma; another of its well-known applications 
is the treatment of photoaging. Indications for its use 
are continuously increasing, and promising results are 
reported for various skin diseases. In this paper we 
report the mechanism of action of PDT with aminolevu-
linic acid, the literature concerning the most common 
diseases treated with PDT and the subsequent level of 
evidence. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Photodynamic therapy (PDT) with aminolevu-
linic acid is a relatively new therapy in dermatologic 
practice, and the indications for PDT are increasing con-
tinuously. PDT is based on the topical application of a 
porphyrin derivative followed by exposure of the treat-
ed area to a specific wavelength of light to selectively 
destroy a cutaneous target. A thorough knowledge of 
the mechanism of action of the treatment and its ef-
fects are necessary to provide the patient with an ap-
propriate assessment and indication. In this paper we 
report the mechanism of action of PDT with aminolevu-
linic acid, the literature concerning the most common 
diseases treated with PDT and the subsequent level of 
evidence, according to the European Guidelines. 
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INTRODUCTION
Photodynamic therapy (PDT) with aminolevulinic acid 
(ALA) is a relatively new therapy in dermatologic prac-
tice. PDT is based on the topical application of  a porphy-
rin derivative followed by the exposure to a specific light 
wavelength to selectively destroy a cutaneous target. The 
indications for PDT are continuously increasing (Table 
1). In this paper, we report the mechanism of  action of  
ALA-PDT, the literature concerning the most common 
diseases treated with PDT and the subsequent level of  
evidence, according to the European Guidelines.
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Historical view
The use of  light as a therapeutic tool was reported in 
1900, when sunlight was used to activate eosin for tumor 
treatment[1,2]. In 1960, Winkelman[3] used a porphyrin to 
detect tumor tissue. In the same year, Schwartz isolated 
an impure hematoporphyrin derivative (HpD)[1], and Lip-
son suggested that the derivate could be used as a photo-
sensitizer to destroy neoplastic tissue[4]. The mechanism 
of  cellular destruction was recognized as singlet oxygen 
production in 1976[5]. 

Dougherty discovered that the HpD had a high sin-
glet oxygen quantum yield, a maximum absorption in the 
red spectrum and was selectively retained in tumor tis-
sue[6]. The active fraction of  the HpD was then isolated 
and produced as Photofrin®. Dougherty can be consid-
ered the inventor of  PDT. 

Since the introduction of  Photofrin® in medicine, 
many other photosensitizers have been studied, and ALA 
was recently introduced in PDT for the treatment of  su-
perficial skin lesions.

Photochemistry
The mechanism of  action of  PDT can be explained by 
analyzing the photochemical reaction that generates sin-
glet oxygen[1].

A chromophore exposed to a light with a specific 
wavelength is excited to a singlet state that is unstable. 
From the singlet state, the chromophore passes to the 
ground state, either emitting a fluorescent photon or 
transforming into the stable triple state (Figure 1). In an 
aerobic environment, the chromophore transfers energy 
to ground state oxygen, producing singlet oxygen (1O2). 
The ability to produce singlet oxygen is one of  the most 
important factors in determining the activity of  a chro-
mophore. 

Singlet oxygen in an aqueous environment has a 
lifetime of  2 µs, and its energy is dissipated as heat in a 
spherical volume of  10 nm in diameter.

In conclusion, PDT can induce oxidative damage 

that is localized near the point of  production of  singlet 
oxygen or in a region larger in diameter than a cell mem-
brane; this induction can only occur in an oxygenated 
environment.

Aminolevulinic acid 
Among the different chromophores studied as photosen-
sitizers, ∆5-aminolevulinic acid (ALA) is the most com-
monly used to treat skin disease.

ALA is a precursor of  heme[7], and overloading a cell 
with ALA forces the cell to produce protoporphyrin-Ⅸ 
(PP), which acts as photosensitizer. 

Neoplastic cells present a relative reduction of  ferro-
chelatase activity, which is responsible for the conversion 
of  PP into heme. Therefore, PP production is faster than 
its conversion to heme, and PP accumulates in cells that 
become photosensitive.

ALA selectively accumulates in tumor cells because 
of  its high reproduction rate[6,8]; the esterification of  ALA 
alters its captation through the membrane from an active 
to passive mechanism, leading to high ALA penetration 
into cells. 

The association with iron chelation appears to in-
crease porphyrin loading and light action, while the entry 
of  porphyrin into cells is limited by an intact corneal 
layer. 

By illuminating PP with adequate light, we can induce 
the production of  singlet oxygen, which leads to damage 
that is confined to membranes and subcellular organs. 

The light used to activate PP requires a wavelength 
greater than 600 nm to reduce adsorption from melanin 
and hemoglobin. The absorption peak of  PP is from 
630-635 nm.

ALA is offered on the market as a cream with a con-
centration of  20%.

More recently, methyl aminolevulinate (MAL), a de-
rivative of  ALA, was introduced in clinical practice. MAL 
accumulates in tumor cells with a mechanism similar to 
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  Oncological skin disease
     Actinic keratoses
     Bowen’s disease
     Basal cell carcinoma
     Squamous cell carcinoma
     Cutaneous T-cell lymphoma
     Cutaneous B-cell lymphoma
     Extra-mammary paget’s disease
  Non oncological skin disease
     Acne vulgaris
     Warts
     Photorejuvenation
     Other indications:
        Cutaneous leishmaniasis
        Localized scleroderma
        Lichen sclerosus
        Perioroal dermatitis
        Cutaneous mycosis

Table 1  Most common reported indications for photodynamicic 
therapy in oncological and non-oncological skin diseases
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Figure 1  Jablonski diagram showing the various modes of excitation and 
relaxation in a chromophore. A: Excitation; B: Fluorescence; C: Intersystem 
crossing; D: Phosphorescence; E: Non-radiative transfer of energy to singlet 
oxygen; F: Substrate oxidation by singlet oxygen; G: Internal conversion 
(adapted from Macdonald et al[1]).



ALA and is hydrolyzed in the cytoplasm, releasing ALA 
into the cytosol. Unlike ALA, MAL is lipophilic. 

Cellular damage mechanism 
PP is excited by light with an adequate wavelength and, 
during the subsequent relaxation phase, PP transfers 
energy to oxygen producing singlet oxygen (type Ⅱ reac-
tion) and free radicals (type Ⅰ reaction) (Figure 2). The 
type Ⅱ reaction is predominant in PDT[9,10].

The damage induced in the mitochondrial membrane 
leads to enzymatic inhibition and a subsequent break-
down of  the electron transport chain and cytochrome 
C release, which is responsible for apoptosis induced by 
caspase pathway activation[11,12] (Figure 3).

Oxygen free radicals also induce damage in endothe-
lial cells, causing inflammation and platelet aggregation. 
The consequent thrombosis of  intra-tumoral vessels 
starves neoplastic cells of  oxygen and nutrients, promot-
ing necrosis[13,14]. 

Another effect induced by PDT is linked to indirect 
immune system activation against the tumor. The damage 
induced to tumoral tissues releases neoplastic antigens, 
which are captured by dendritic cells and presented to T 
lymphocytes, inducing a specific immune action against 
the tumor[15]. 

All of  the reported mechanisms are responsible for 
the damage induced by PDT to neoplastic tissues.

Technique
The lesion is adequately treated with a curette to selec-
tively “modify” the corneal layer (Figure 4). No bleeding 
should be present and hemostasis must be obtained in 
cases where bleeding occurs (Figure 5).

ALA 20% cream is then applied to the lesion using 
approximately 50 mg/cm2. The lesion is then occlusively 
dressed (Figure 6), and sun exposure must be avoided for 
at least 3 h[16].

After 3 h, the dressing is removed, and the lesion is 
exposed to specific light for 12 min. The eyes must be 
protected during the exposure.

Pain during and/or after the treatment is the most 
common adverse effect and is most likely due to the di-
rect stimulation of  free nerve endings in the epidermis 
during irradiation and to the inflammatory environment 
induced by PDT[17,18]. It is particularly noticeable in loca-
tions such as the scalp, face and hands and is related to 
the extension of  the treated area. It has been proven that 
topical anesthesia is not effective in reducing this type of  
pain[19,20], whereas good results were reported using de-
vices that blow cold air[21]. Erythema and edema are com-
mon after PDT; crust formation may also be observed, 
but complete healing is generally achieved in 2-6 wk (Fig-
ure 7).

Clinical applications
PDT is currently licensed for the treatment of  actinic 
keratosis, Bowen’s disease and basal cell carcinoma, but 
there are several studies on the use of  PDT for other 
skin diseases[22,23], and the possible indications are increas-
ing continuously. The reported results of  PDT in various 
skin diseases are summarized in Table 2. The strength of  
the recommendation and the level of  the evidence for 
these different indications are reported in Table 3.

Actinic keratosis: Actinic keratosis is a very frequently 
reported skin disease that can lead to squamous cell car-
cinoma in 5% to 20% of  cases in 10-25 years. Treatment 
with PDT reported good results, with high remission 
rates. In 1997, Jeffes et al[24] reported a remission rate of  
91% in the treatment of  actinic keratosis of  the face and 
scalp using ALA-PDT. Lower success rates (45%) were 
reported in trunk localizations, most likely due to less 
penetration of  the photosensitizer. A comparison of  dif-
ferent ALA concentrations led to Jeffes et al[24] assessment 
that a 20% concentration is preferable for clinical appli-
cations. Tschen et al[25] treated patients affected by actinic 
keratoses of  the face and scalp with up to 2 sessions of  
ALA-PDT. He reported a clearance rate of  78% at 12 
mo, with a recurrence rate of  19%; the cosmetic outcome 
was satisfactory in all cases, without any hyperpigmenta-
tion. Additionally, good results were reported for actinic 
cheilitis, with a complete clearance after 12 mo of  follow 
up; the final aesthetic outcome was good, even if  superfi-
cial peeling persisted for several months[26].

ALA-PDT is an efficacious treatment for scalp and 
facial actinic keratosis, with high clearance rates and sat-
isfactory cosmetic outcomes. The efficacy is higher using 
an ALA concentration of  20%. Actinic keratosis of  the 
trunk and acral sites presents a lower remission rate in 
comparison to scalp and facial localization.

Bowen’s disease: PDT is an effective treatment option 
for Bowen’s disease. Remission rates of  89% were reported 
by Cairnduff  et al[27] in 1994, and in 1996, Morton et al[28] 
reported higher clearance rates and better cosmetic out-
comes with ALA-PDT compared with cryotherapy. More 
recently, in 2012, 29. López et al[29] reported a complete 
clearance of  90% in 23 lesions treated by MAL-PDT, 
with a good aesthetic result. In another study conducted 
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Figure 2  Cellular damage mechanism. Type-Ⅰ and Type-Ⅱ photoreactions, 
where 1P is a photosensitizer in a singlet ground state, 3P1 is a photosensitizer 
in a triplet excited state, S is a substrate molecule, Pÿ is reduced photosensitiz-
er molecule, S is an oxidized substrate molecule, O2 is molecular oxygen (triplet 
ground state), Oÿ

2 is the superoxide anion, O2 is the superoxide radical, P is the 
oxidized photosensitizer, 3O2 is triplet ground-state oxygen, 1O2 is oxygen in a 
singlet excited state, and S (O) is an oxygen adduct of a substrate (adapted 
from Macdonald et al[1]).
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years after treatment with MAL-PDT[31]. Considering the 
lower response rate and the metastatic potential, PDT is 
not the first choice for invasive squamous cell carcinoma 
treatment. 

Basal cell carcinoma: PDT is particularly indicated for 
basal cell carcinoma treatment, especially in superficial 
carcinomas and in Gorlin Syndrome. 

Several studies reported good results in the treatment 

on 47 patients affected by Bowen’s disease, a complete 
clearance of  76% was reported after 17 mo from 2 ses-
sions of  MAL-PDT[30].

Invasive squamous cell carcinoma: Squamous cell 
carcinoma presented a lower sensitivity to PDT in com-
parison with basal cell carcinoma. Clearance rates of  
57% and 26% have been reported in microinvasive and 
nodular invasive squamous cell carcinoma, respectively, 2 
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  Ref. Disease Remission rate Follow 
up

n

  Jeffes et al[24], 199� AK 91% scalp, face
45% trunk

16 wk   40

  Tschen et al[25], 2006 AK scalp, face   �8% 12 mo 101
  Stender et al[26], 1996 AK lip 100% 12 mo     3
  Cairnduff et al[2�], 1994 BD   89% 18 mo   36
  López et al[29], 2012 BD   90% 12 mo   18
  Truchuelo et al[30], 2012 BD   �6% 1� mo   4�
  Calzavara-Pinton et al[31],   
  2008

SCC   5�% 
microinvasive
26% nodular 

invasive

2 yr   55

  Christensen et al[32], 2009 BCC 68% single session
91% two session

6 yr   60

  Christensen et al[33], 2012 BCC 60% single 
session

8�% two session

10 yr   60

  Souza et al[34], 2009 BCC > 90% 3 mo   34
  60% 5 yr

  Soler et al[35], 2001 BCC   89% 3 yr 350
  Svanberg et al[49], 1994 TCL 100% 6-14 mo     4
  Orenstein et al[50], 2000 TCL 100% 24-2� 

mo
    2

  Mori et al[51], 2006 BCL 100% 8-24 mo     3
  Shieh et al[52], 2002 PD   50% 6 mo     5

  31% 10 mo
  Raspagliesi et al[54], 2006 PD   5�% 1-5 mo     �
  Stender et al[58], 2000 Hand-foot W   �6% 18 wk   45
  Fabbrocini et al[59], 2001 Plantar W   �5% 2 mo   64
  Fehr et al[63], 2002 Vulvar W   66% 12 mo   16
  Stefanaki et al[64], 2003 Male 

genital W
  �3% 12 mo   12

Table 2  Reported results of photodynamic therapy in 
different skin diseases

AK: Actinic keratosis; BD: Bowen’s disease; SCC: Squamous cell 
carcinoma; BCC: Casal cell carcinoma; TCL: Cutaneous T-cell lymphoma; 
BCL: Cutaneous B-cell lymphoma; PD: Extra-mammary Paget’s disease; W: 
Warts.

  Disease Strength of 
recommendation

Quality of 
evidence

  Actinic keratoses A Ⅰ
  Bowen’s disease A Ⅰ
  Invasive squamous cell carcinoma D Ⅱ-iii
  Superficial basal cell carcinoma A Ⅰ
  Nodular basal cell carcinoma A Ⅰ
  NMSC in organ transplant recipients B Ⅰ
  Prevention of NMSC in organ 
  transplant  recipients

B Ⅰ

  Field cancerization B Ⅰ
  Cutaneous T-cell lymphoma C Ⅱ-iii
  Extra-mammary Paget’s disease D Ⅲ
  Infectious and inflammatory 
  dermatoses acne

A Ⅰ

  Hand and foot warts B Ⅰ
  Genital warts B Ⅰ
  Cutaneous leishmaniasis B Ⅰ
  Photorejuvenation B Ⅰ

Table 3  Strength of recommendation and the level of evidence 
of the different indications of photodynamic therapy[24,25]

Strength of recommendations: A: There is good evidence to support the 
use of the procedure; B:There is fair evidence to support the use of the 
procedure; There is poor evidence to support the use of the procedure; 
C: There is fair evidence to support the rejection of the use of the 
procedure; D: There is good evidence to support the rejection of the use 
of the procedure. Quality of evidence: I: Evidence obtained from at least 
one properly designed, randomized control trial; II-i: Evidence obtained 
from well-designed control trials without randomization; II-ii: Evidence 
obtained from well-designed cohort or case control analytic studies 
preferably from more than one centre or research group; II-iii: Evidence 
obtained from multiple time series with or without the intervention. 
Dramatic results in uncontrolled experiments could also be regarded 
as this type of evidence; III: Opinions of respected authorities based on 
clinical experience, descriptive studies or reports of expert committees; 
IV: Evidence inadequate, owing to problems of methodology (e.g., 
sample size, or length of comprehensiveness of follow-up or conflicts in 
evidence).
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Figure 3  Summary of the pathways 
and feedback loops involved in mito-
chondrially controlled apoptosis. Star 
bursts represent possible points at which 
photodynamic therapy initiates mitochon-
drially controlled apoptosis (adapted from 
Macdonald et al[1]).
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of  basal cell carcinoma with PDT[32-35], with clearance 
rates up to 90% at 3 years and 87% at 10 years. 

Similar results have been reported in studies compar-
ing PDT to cryotherapy, with PDT obtaining a better 
aesthetic outcome[36]. Good results were reported in pa-
tients affected by Gorlin Syndrome[37], with a reduction in 
the need for surgical procedures.

Relatively poor results were obtained in invasive carci-
noma and in morphoeic basal cell carcinoma[38]; therefore, 
PDT must be considered not indicated in these cases.

Organ transplant recipients and field cancerization: 
PDT has been studied for the treatment and prevention 
of  non-melanoma skin cancer (NMSC) in organ trans-
plant recipients. An important factor to emphasize is the 
reduced response rate in non-immunocompetent patients 
compared with immunocompetent patients, due to the 
role of  the immune system in the action of  PDT[39]. PDT 
cannot be considered as a first choice in the treatment 
of  skin cancer in organ transplant recipients, nor can it 
play a significant role in the prevention of  NMSC in non-
immunocompetent patients[40].

However, in immunocompetent patients with multiple 
clinical or subclinical cancerous skin lesions, PDT can 
be used to prevent the lesions from evolving into inva-
sive carcinomas[41-43]. This preventive effect of  PDT has 
been explained by the reduced expression of  the proto-

oncogene p53 in treated tissues[44].

Cutaneous T-cell and B-cell lymphomas: Dougherty et 
al[45] and Forbes et al[46] demonstrated the efficacy of  PDT 
in the treatment of  cutaneous T-cell lymphoma. The 
selective uptake of  ALA and MAL into CD71+ lympho-
cytes was observed[47]. Small series with good results are 
reported in the literature[48-50]. Satisfactory results were 
also reported by Mori et al[51] in 3 patients affected by 
cutaneous B-cell lymphoma. The effectiveness of  PDT 
in the treatment of  cutaneous lymphomas has not been 
proven; therefore, PDT should not be considered an 
indication. Further studies are necessary to verify the ap-
plication of  PDT in this field.

Extra-mammary Paget’s disease: Few reports have 
shown promising results in the treatment of  Paget’s dis-
ease[52-55]. A more appropriate role for PDT may be as 
an adjuvant therapy in association with radiotherapy or 
surgery[56], as PDT not only induces tissue destruction 
but also causes a reduction in tumor cells’ adhesive and 
metastatic capacities.

Acne vulgaris: PDT has been used with good results in 
the treatment of  acne vulgaris. 

It was noted that ALA accumulates in sebocytes, 
which are then destroyed by the photoreaction, reduc-
ing sebum excretion. Another positive effect is linked to 
production of  porphyrins by Propionibacterium acnes, 
which became a target for PDT[57]. 

Warts: Several studies have reported good results con-
cerning the application of  ALA-PDT for the treatment 
of  warts[58-60]. Many comparative studies reported higher 
clearance rates in patients treated with ALA -PDT ver-
sus patients treated with a placebo[58,59] or cryotherapy[60]. 
Similar results were reported in hand and foot warts and 
in genital warts[61-64]. In the treatment of  genital warts, 
PDT was reported to have clearance rates similar to other 
therapies, such as laser CO2, but lower recurrence rates.

It should be noted that studies regarding MAL-PDT 
in the treatment of  warts are limited. 
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Figure 4  Lesion is treated with a curette to selectively remove the corneal 
layer.

Figure 6  Cream is applied on the lesion and an occlusive dressing is then 
performed.

Figure 5  After curettage no bleeding might be present.
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Accurate curettage of  lesions is mandatory to reduce 
typical hyperkeratosis, which limits the penetration of  the 
photosensitizer.

Other indications: Some other indications for PDT are 
currently under study. 

A review of  patients affected by cutaneous leishmani-
asis reported complete healing in 94%-100% of  cases 
treated with PDT[65]. These results were confirmed by 
randomized trials[66]. The mechanism was studied in vivo 
by Kosaka et al[67], who suggested that the clinical out-
comes observed with ALA-PDT are the result of  unspe-
cific tissue destruction accompanied by the depopulation 
of  macrophages rather than by the direct destruction of  
parasites, as observed by previous in vitro studies[68].
Several series have reported improvements in PDT-
treated patients diagnosed with localized scleroderma[69,70], 
lichen sclerosus[71], perioral dermatitis[72] and cutaneous 
mycosis[73,74].

These preliminary results appear to be promising, but 
further research is necessary to demonstrate the actual ef-
ficacy of  PDT in the reported diseases.

Photorejuvenation: Many studies have reported good 
results for skin rejuvenation after the application of  
PDT[75-77]. PDT is useful for improving dyspigmentation, 
depigmentation, fine lines and roughness, skin smooth-
ness and for reducing actinic elastosis[78]. Other tech-
niques can be combined with PDT to improve results, 
acting synergistically to induce self-stimulated collagen 
biosynthesis (microneedling, ablative fractional lasers) or 
to improve photosensitizer penetration (curettage, peel-
ing, lasers, microneedling). All of  these treatments must 
be performed before PDT; chemical peeling can be ap-
plied immediately before PDT or up to 3 d (maximum) 
prior to PDT; curettage can be performed 2 wk prior to 
PDT; and lasers, microneedling and mechanical peeling 
can be applied immediately before PDT. Other aesthetic 
procedures can be associated with PDT; fillers can be 
used 2 wk after PDT, and botulinum toxin can be used 
2 wk prior (at the earliest) to PDT. Pre-treatment can 
increase phototoxic effects, prolonging the downtime of  

the patient. The expected aesthetic results are usually ob-
served after 3-6 mo, and 2 or 3 sessions conducted every 
4 wk are usually necessary. The scalp is more painful than 
other sites, whereas the hands are usually reported as 
minimally painful. The neck and décolleté present fewer 
skin appendages, thereby leading to more prolonged re-
epithelization and erythema[79]. 

ALA-PDT induces the deposition of  collagen in the 
dermis, normalizes elastotic materials induced by photo-
aging and may even have a direct effect on the normaliza-
tion of  fibroblast morphology[80]. Marmur et al[81] observed 
a series of  ultrastructural changes leading to clinical 
improvement. In the epidermis, ALA-PDT induces reor-
ganization because of  keratinocyte adhesion recovery. In 
the dermis, there is a recovery of  the dermal extracellular 
matrix, which is demonstrated by the reappearance of  
anchoring fibrils, the displacement of elastosis and the 
superficial remodeling of  dermal collagen. 

CONCLUSION
PDT is very useful in dermatology; PDT is minimally 
invasive, especially compared with surgery, and allows 
better results than non-surgical treatments, such as lasers 
and cryotherapy. In our experience, PDT was widely ap-
plied in over 250 patients affected by actinic keratoses, 
basal cell carcinomas and Bowen’s disease, with excellent 
results. In our opinion, assessing the depth of  a lesion to 
determine the appropriate indication for PDT compared 
with surgical treatment is important. In deeper lesions, or 
in particularly sensitive areas such as the face, PDT can 
be a useful treatment in association with surgery, as de-
scribed by other authors. Skin cancers, especially if  aris-
ing on actinic keratosis, often present ill-defined margins. 
In these cases, PDT may be useful to better define the 
edges of  a lesion before surgical treatment. We have used 
this method in 14 patients diagnosed with basal cell carci-
noma of  the face with surrounding photodamaged skin; 
after 3 PDT sessions, the patients underwent surgery, and 
the excision margins were found to be free from disease 
in all of  the cases. Additionally, we used PDT for the 
treatment of  photoaging in 57 patients, with excellent 
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Figure 7  Patient affected by multiple actinic keratosis of the scalp treated with photodynamic therapy with aminolevulinic acid; result after 3 wk from the 
1st application.
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results after an average of  3-4 sessions. We believe that 
the other proposed indications require further research to 
verify the effectiveness of  PDT.
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