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INTRODUCTION
The cumulative sun exposure is responsible for the development 
of skin cancer and its precursor lesions, such as AKs[1,2]. AK is 
an sun-induced precancerous lesion characterized by yellowish 
or brownish scaly, thin, adherent and dry tissue, and may present 
underlying erythema[3-5]. It affects fair-skinned individuals and 
especially in the body regions that are frequently exposed to the 
sun, such as hands, forearms, face, ears, neck and scalp[6]. The AKs 
is precursor to squamous cell skin câncer in 10-20% in 10 years of 
the initial of lesion[7]. The main mechanisms in the development 
of AK are inflammation, oxidative stress, immunosuppression, 
impaired apoptosis, mutagenesis, cell growth dis-regulation and 
proliferation, and tissue remodeling.
    The AK may be characterized as an type of generalized 
lesions that usually affect large areas multiple. In same cases, the 
chemical processes for treatment may be aggressive for the patient 
compromising the welfare them[8,9].
    The type of treatment used in AK depends on the number and 
size of the lesions, and especially the extent of the affected skin[8,10]. 
Among the several treatment options, we can highlight cryotherapy 
with liquid nitrogen, which is considered an effective, low-cost 
treatment, with a cure rate of up to 98%[11,12]. This treatment option 
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ABSTRACT 

AIM: Actinic keratoses (AKs) are pre-malignant skin lesions. The 
sun exposure is the main cause of AKs. The highest incidence of 
AK occurs in the arms and back of hands of photodamaged skin. 
New approaches to Photodynamic Therapy (PDT) includes new 
advances for the simultaneous treatment of these large areas. The 
PDT is an option of effective treatment and not invasive of AK with 
excellent aesthetic results. 
METHODS: A new development in this regard is the use a new 
equipment of Brazilian technology developed in Physics Institute 
of São Carlos (University of São Paulo, Brazil) for the treatment of 
AK. The PDTof AKs was performed by application of the cream 
(3 hours) containing 15% Methil-aminolevulinic acid (MAL), 
followed by 20 minutes of photoactivation using a source of red 
light at 630 nm and 36J/cm2. 
RESULTS: The complete response was of 70% in 80 patients 
with the presence of 24 to 205 lesions with a mean of 63.5. 
Conclusion:the PDT using a new prototype named Kerato PDT may 
represent a promiing therapeutic alternative for AK of arms.
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is made as an individual approach for each lesion, which makes the 
process slow. Additionally, there are other drawbacks: only visible 
lesions may be treated (since nitrogen application is visually driven); 
there is no treatment of the incipient lesion, and healthy tissue 
adjacent to the lesion can be destroyed in the process[13]. Chemicals 
such as topical 5-fluorouracil, imiquimod and chemical peeling are 
also used[14,15]. Such methods cause a local inflammatory process, 
which may cause discomfort to the patient by promoting itching, 
burning sensation and skin ulceration[16,17]. This symptoms may limit 
the technique use and reduce patients’ adherence to treatment.
    Topical photodynamic therapy (PDT) is an option in the 
treatment of pemalignant lesions as disseminated AKs. This therapy 
is based on three basic elements: the presence of a photosensitizer, a 
drug that absorbs light to trigger a series of chemical reactions; light 
at an appropriate wavelength, and the molecular oxygen present 
in the tissue to be treated, which reacts with the activated drug 
resulting in reactive oxygen species that are capable of inducing the 
cellular tissue necrosis, with subsequent re-epithelialization[18]. Our 
research group has a long experience in clinical trials using PDT for 
the treatment of non-melanoma skin cancer[19], onychomycosis[20], 
condyloma and cervical intraepithelial neoplasia[21]. PDT allows 
treatment of a large extension of skin, achieving both subclinical 
and clinical lesion, less aggressively and more efficiently, with 
good aesthetic outcome. Nevertheless, to the present day, PDT 
efficacy for large lesions is uncertain, because most of the available 
light sources do not allow a proper and uniform illumination of 
large areas. Aiming to expand and improve the treatment of high 
grades AKs, a device to treat simultaneously both upper limbs was 
developed by the University of São Paulo, and the medication (a 
cream containing 15% MAL) produced by a national company 
(PDTPharma, LTDA) with relative low cost. In this study, two 
treatment protocols have been proposed, using 15% ALA cream 
and different incubation times, in order to find the ideal time of 
incubation for the drug concerning the treatment of disseminated 
AK with the developed device.

METHODS
Study population
A total of a hundred and twenty patients participated in this study. 
After approval of the Ethics Committee from the Amaral Carvalho 
Foundation (000042/2012), the written informed consent was 
obtained from each study participant. Male and female patients, 
over 18 years, with a clinical diagnosis of widespread AK on the 
hands and forearm were included in this protocol. The study was 
conducted in the Department of skin to hospital Amaral Carvalho, 
Jahu, SP, Brazil. The exclusion criteria were hypersensitivity to 
metil-aminolevulinic acid or other component of the formula, 
diagnosis of porphyria, pregnancy and breastfeeding. All patients 
provided written informed consent, and the study was approved by 
the regional committee for medical research ethics.

Equipament
A device to treat simultaneously both upper limbs was developed 
by the Optics Group (Laboratory of Biophotonics and Technical 
Support Laboratory-LAT) at the São Carlos Institute of Physics, 
University of São Paulo, Brasil (Patent PI: 100413-0). This device 
allows both upper limbs to receive light emitted by diodes with the 
correct dose of energy (Figure 1). It was designed to allow the most 
uniform illumination of the fore arms and hands, providing the 
treatment of field cancerization. 
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Figure 1 Prototype Kerato PDT® using LEDs emmiting at 630 ± 10 nm and 
an irradiance of 15 mW/cm2.  The anatomical arrangement of their LED 
plates enables uniform illumination of the upper limbs simultaneously, 
with a constant circulation of the air through two fans.

Photosensitizer 
The pro-drug used was the commercial MAL produced by the 
national company PDTPharma (Cravinhos, São Paulo - Brazil) at 
15% (w/w) in an oil in water emulsion (o/w).

Treatment procedure
All macroscopy AK lesions in the forearm were counted and 
photographed. All regions were clean with a solution of 0,5% 
clorexidin and superficial debridement was made to remove scales 
and crusts to facilitate the penetration of the cream. Imediately stop 
bleeding, a amount of MAL cream at the concentrações of 150mg/g 
(PDTPharma, Cravinhos, SP, Brazil) was applied throught the hands 
and forearms, with 2 mm thickness. Subsequently, this area  was 
occluded with PVC film and aluminum foil, and with a bandage for 
3 hours. After, the dressing was removed, the cream was washed off 
with saline solution. This area was immediately illuminated with a 
red (630±10nm) LED light source with a delivered energy of 36 J/
cm2, for 40 minutes. 

Evaluation of response
The clinical response of the skin were analysed by the dermatologist 
visually and by the comparison of the photographs of the skin 
lesions before and 30 days after the PDT, under standardised 
conditions and using a digital camera (Sony HX1). 

Statistical analysis
Data were statistically analyzed using the Mann-Whitney test when 
the P values were less than 0.10. 

RESULTS
The prototype used Kerato PDT® in this study was developed by 
the Laboratory Support Technician from the Optics Group of the 
São Carlos Institute of Physics (Patente PI: 1000413-0) with the 
advantage of widespread actinic keratoses and cancerization field 
treatment on the upper limbs. This apparatus is basically constituted 
by plates LED (light emitting diode) emitting a band centered on 
the wavelength of 630 nm, at a fluence rate of 36 J/cm² after a 
total illumination time of 40 minutes at an irradiance 15 mW/cm². 
The anatomical arrangement of their plates LED enables uniform 
illumination of the upper limbs simultaneously as shown at figure 1.
    According to gender, fifty nine patients were male (49%) and 
sixty one patients were female (51%). Before the PDT, the number 
of AK lesions by patient ranged from 18 to 230 (media of 141,47 
lesions per patient (Fiugre 2). The sum of all AK of the 120 
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patientes were 8,559, after the treatment. And 30 days after only 
a PDT application, this total decreased to 2,787, which represents 
a regression of almost 70% of the total of AK (Figure 2A). These 
numbers showed as the medium of lesions/patients were: 141.47 
lesions per patient before the treatment (Figure 2B) and 46 
lesions/patients 30 days after PDT (Figure 2B). In figure 3 we are 
presenting a representative clinical evaluation of the number of AKs 
before (A and C) and after PDT (B and D). According to medical 
visual analysis, it was observed a reduction of 70% in the number 
of AK 30 days after the procedure. The values were statistically 
analyzed by Mann-Whitney and showed statistical significance (p < 
0.001). 

DISCUSSION
AK lesion are typically found in patients with extensive sun 
exposure. Large quantities of lesions are observed in patients with 
sun-exposed areas, which also complicates the treatment. Due to the 
potential of AK to form a squamous cell carcinoma, the realization 
of a comprehensive treatment highly efficient is important. We 
observed in this study a reduction of 70% of AKs by clinical 
evaluation performed after 30 days of treatment. 

Figure 2 Sum of all AK of the 120 patientes were 8,559 before PDT and 
2,787 after PDT (A). Medium of the 141.47 lesions per patient before the 
treatment and 46 lesions per patient after 30 days of treatment (B).

Figure 3 Clinical presentation of multiple medium-high grade AKs on the upper limbs in the context of field cancerisation. Zoom view 
of the lesions all over the limbs, before PDT (B and C). The same local of the zoom view 30 days after PDT (A and D).
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    When the AKs are presente with a small number of lesions, 
there are multiple treatment options. The problem is when the AKs 
are widespread. In this case, the treatment is more difficult. We 
proposed the treatment of widespread AKs with a modern device 
to perform the uniform illumination of the upper limbs. Using this 
technique we provide treatment for field cancerization and also 
AKs. Using this device capable to illuminate a large extension of 
both upper limbs, we are standardizing a clinical protocol for the 
treatment of field cancerization and AK of all grades. Szeimies et 
al 2012 observed in patients with photodamaged skin and multiple 
AK, that after MAL-PDT, the AK clearance rate was 89,5% 
and histopathological inpromevent with a significant increase in 
collagen deposition in treating the skin. Other type of procedure 
indicated nowadays for AK grades 1 and 2 is the daylight-mediated 
PDT that can be administered throughout the year, although it is 
not indicated at temperatures below 10℃ or at excessively high 
temperatures[22], as here in Brazil. 
    As Brazil is a country under development, we have always 
challenges in our public health system due to the lack of the 
financial investiment in health promotion. For our reality, the large 
use of PDT with the real costs for the government is impossible and 
the solution was the development of this prototype, used associated 
with the medication produced in Brazil. The reduction by 70% of 
AK after just one PDT session motivates us to standardize this 
protocol in the public health system, once our country presents a 
high incidence of UV and AKs are the fourth most common cause 
of dermatologic consultation in Brazil[23].
    In conclusion, topical PDT using this anatomic prototype 
presents many benefits as a therapeutic alternative for widespread 
AK and field cancerization of arms, since larger areas can be treated 
with a only ambulatory PDT session with excelente outcome. The 
prevention is the best way to avoid these premalignant lesions, 
with relative low cost since both the device and the medication are 
produced in Brazil. The studies are ongoing evaluating a long term 
follow up. 
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