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ABSTRACT
Introduction: Photodynamic therapy (PDT) is an effective treatment of actinic keratosis (AK) and severe photo aging.

Day-light PDT (DL-PDT) is considered an alternative of C-PDT with similar efficacy but with significantly lower

procedure-associated pain. A new formulation of ALA at “low” concentration (5%) in a thermosetting gel is available

for C-PDT or DL-PDT. When used for PDT the incubation time of this gel is in general 2-2.5 hours. This

formulation with high content of water could be feasible for application with penetration-empowering dual mask

which could optimize and speed-up the penetration of the active compound through the skin. This mask device

comes in two layers. The first layer is wet and in contact with the applied gel. The second layer, which is dry and

overlaid on the first, allows the key ingredients to penetrate the stratum-corneum utilizing a micro-current circuit

using two anodes placed on each side of the mask acting as natural batteries. This mask could reduce the incubation

time of the photosensitizer needed to allow adequate skin penetration before the PDT procedure.

Study aim: To evaluate in a pilot-study the efficacy and tolerability of DL-PDT with a thermosetting 5% ALA gel

applied using a specific mask penetration-enhancer device.

Subjects and methods: A total of 15 men aged >50 years with severe actinic damage of the face or scalp were enrolled

in this pilot study. ALA 5% gel was applied (2.5 ml) on the face and scalp. The empowering mask was then put on

the treatment area with an incubation time of 1.5 hour. A single day-light session of 20-30 minute (according to the

UV fluence of the day) was performed. The primary outcome was the evolution of a 7-item actinic damage score

(ADS) evaluating: elastosis, hyperpigmentation, telangiectasia, fine wrinkles, deep wrinkles, stellate pseudo-scar, and

presence of actinic keratosis lesions. For each parameter, a 4-grade scale score (0=sign absent; 3: sign severe) was

calculated. Therefore, the maximum level of ADS was 21. The baseline visit was performed just before the DL-PDT

session; the final evaluation visit was performed two months after the DL-PDT session. A patient-assessed procedure-

related pain score using a 4-point scale (0: no pain; 3: severe pain) was performed at the end of the DL-session.

Results: Before DL-PDT, the ADS, mean (SD), score was 16 (5). A total of 74 AK clinically relevant lesions were also

present at baseline. At the final visit, the ADS score was significantly reduced to 5(5), corresponding to a -69%

reduction. AK lesions at the final visit were reduced by 70% (from 74 to 22). DL-PDT was in general very well

tolerated. The procedure-related pain score mean (SD) value was 0.5 (0.5).

Conclusion: In subjects with severe actinic damage, a single DL-PDT session with ALA 5% thermosetting gel, with

penetration-empowering mask application, was very effective and well tolerated in reducing clinical signs of skin

photo damage and reducing AK lesion number.
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INTRODUCTION

Photodynamic therapy (PDT) is an effective treatment of actinic
keratosis and severe photoaging. Treatment of actinic keratosis
(AK) and field cancerization with photodynamic therapy (PDT)
is an effective therapeutic approach with a significant reduction
in the number of AK lesions (-75% or more) associated with a
significant cosmetic improvement of the photodamaged skin [1].
Recently, also the daylight PDT (DL-PDT) has proven to be as
effective as the conventional PDT (CPDT) but with a better
tolerability. Day-light PDT (DL-PDT) is considered an
alternative of C-PDT with similar efficacy but with significantly
lower procedure-associated pain. The concept of photodynamic
therapy (PDT) was introduced at the beginning of the 20th

century [2]. PDT is based on the interaction of three
components-visible lights, oxygen and a photosensitizer. The
sensitizer is applied either systemically or topically. Most
photosensitizers selectively accumulate in neoplastic cells. The
most utilized photosensitizer in PDT is a precursor of
Protoporphyrin IX (PpIX): the 5-aminolevulinic acid (ALA). 5-

ALA is, in fact, a metabolite of heme biosynthesis [3,4].
Intracellularly, it is converted to PpIX. In most cases, 5-ALA is
applied in creams, emulsions or ointments at a concentration of
10–20%. A new formulation of ALA at “low” concentration
(5%) in a thermosetting gel is available for C-PDT or DL-PDT
(ALAFast; Cantabria Labs Difa Cooper). This formulation,
thanks to its high content in water, could be feasible for
application with penetration-empowering dual mask which
could optimize and speed-up the penetration of the active
compound through the skin. This mask device (Franz Infusion
Dual Mask System) comes in two layers [5]. The first layer is wet
and in contact with the applied gel. The second layer, which is
dry and overlaid on the first, allows the key ingredients to
penetrate the stratum-corneum utilizing a micro-current circuit
using two anodes placed on each side of the mask acting as
natural batteries. The mask is designed for the face but it could
be used also for the bald scalp also (Figure 1). This mask could
reduce the incubation time of the photosensitizer needed to
allow adequate skin penetration before the PDT procedure [6].

Figure 1: The Dual Mask Enhancer System (A: the two layers; B: the external layer; C: use of the mask on scalp).

STUDY AIM

To evaluate in a pilot-study the efficacy and tolerability of DL-
PDT with a thermosetting 5% ALA gel applied using a specific
penetration enhancer mask device.

SUBJECTS AND METHODS

Study design

We conducted a monocenter, pilot, prospective study in patients
with multiple AK lesions suitable for photodynamic therapy.

Subjects

Eligible subjects were men or women, aged 18 years or more
with at least 6 clinically typical, visible AK lesions on the scalp
or face. Non-eligible criteria were history of skin conditions
other than AK (i.e. eczema, psoriasis or xeroderma

pigmentosum) or specific AK treatments in the previous 6
months, pregnancy or breast feeding. Informed written consent
was obtained from all patients before their treatment. A total of
15 men aged >50 years with severe actinic damage of the face or
scalp were enrolled in this pilot study. ALA 5% gel was applied
(2.5 ml) on the face and scalp. The empowering mask was then
put on the treatment area with an incubation time of 1.5 hour
(vs. 2-2.5 hours when the gel is applied alone). A single day-light
session of 20-30 minute (according to the UV fluence of the
day) was performed. In more details, the daylight illumination
was performed between 11 a.m. and 3 p.m. At the end of
daylight exposure, residual ALA gel was wiped off, followed by
application of a lenitive cream. Patients were instructed to avoid
daylight for the following 24 h.
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Study outcomes

The primary outcome was the evolution of a 7-item actinic
damage score (ADS) evaluating: elastosis, hyperpigmentation,
telangiectasia, fine wrinkles, deep wrinkles, stellate pseudoscar,
and presence of actinic keratosis lesions. For each parameter, a
4-grade scale score (0=sign absent; 3: sign severe) was calculated.
A secondary outcome of the trial was the change in AK lesions
number from baseline to month 2. The baseline visit was
performed just before the DL-PDT session; the final evaluation
visit was performed two months after the single DL-PDT
session. A patient-assessed procedure-related pain score using a
4-point scale (0: no pain; 3: severe pain) was performed just at
the end of the DL-session.

Statistical analysis

Statistical analysis was performed using GraphPad statistical
software ver. 13.0 (La Jolla, CA, USA). Continuous variables
were expressed as mean ± Standard Deviation (SD). The
endpoints of the trial were the evolution of ADS score and the

evolution of AK mean number from baseline and after
treatment. The paired T test, the Wilcoxon and the Mann-
Whitney tests were used for the analysis of the study. We
calculated the 95% Confidence intervals of the difference in all
the variables. According to the nature of a pilot study no sample
size calculation was performed.

RESULTS

At baseline the ADS, mean (SD), score was 16 (5). Total AK
lesions count at baseline was 78, an average of 5.2 AK lesions
per subjects. At the final visit the ADS score was reduced to 5(5)
with an absolute difference of -11 (95% CI from -9 to -13). DL-
PDT sessions reduced the total AK lesion count to 21,
representing a -73% reduction in comparison with baseline with
an average of 1.4 AK lesions per subjects with an absolute
difference in AK lesion number of -57 (95% CI from -52 to -62).
The procedure-related pain score mean (SD) value was 0.5(0.5)
(Figure 2). Figure 3 show a clinical case just before DL-PDT
session and after 1 and 2 months.

Figure 2: Evolution of Actinic Damage Score (A) and AK lesion count (B) at baseline and at 2 months after the DL-PDT.

Figure 3: A subject at baseline, just after DL-PDT (a) session 1 (b) session 2 and (c) months after DL-PDT.

DISCUSSION

In this pilot study, we demonstrated that a single DL-PDT
session performing with a 5% ALA gel using a penetration
enhancer mask, with an incubation time of 1.5 hour, is effective
and well tolerated as treatment of skin actinic damage and AK
lesions with a reduction of AK lesion number of 70% which is
similar with the clinical results obtained with 16% cream of

methyl aminolevulinic acid (MAL). Topical photodynamic
therapy (PDT) using red light source 570–670 nm (the so called
Conventional PDT) or sun light (DL-PDT) is acknowledged to
be an effective and safe treatment for AK with favorable
cosmetic outcomes [7,8]. Sunlight can activate photodynamic
therapy (PDT), and this is a proven strategy to reduce pain
caused by the conventional PDT treatment. Both C-PDT and
DL-PDT involves the topical application of a photosensitizer, 5-
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aminolevulinic acid (ALA), or its methyl ester-methyl
aminolevulinate (MAL) which are precursor of the endogenous
photosensitizer, Protoporphyrin IX, and subsequent
illumination of the skin lesion with light of the appropriate
wavelength [9]. The combination of photosensitizer, a light
source and tissue oxygen, leads to the chemical destruction of
any tissues which have either selectively taken up the
photosensitizer or have been locally exposed to light, with
recruitment of inflammatory cells, increased immune response,
and vascular compromise. Single oxygen can also destroy
photosensitizing agent itself preventing further action, a process
referred to as photo bleaching. The wavelength of the light
source needs to be appropriate for exciting the photosensitizer to
produce reactive oxygen species. These reactive oxygen species
generated through PDT are free radicals generated through
electron abstraction or transferred from a substrate molecule
and highly reactive state of oxygen known as singlet oxygen.
Daylight photodynamic therapy (DL-PDT) is a simple and
practical treatment option for AK I and II and for actinic
damage of the face and scalp that allows treatment of multiple
lesions and large areas with high tolerability. When ALA is used
for both C-PDT and DL-PDT concentration of 10-20% are
commonly utilized. A new thermosetting gel containing ALA
5% is available [10-14]. This formulation allows a more
convenient application procedure without occlusion and better
and more efficient release of the active compound in
comparison with traditional ALA formulations like creams or
ointments. This gel has demonstrated to be efficacious and well
tolerated in PDT treatment of subjects with acne. So far there
are no data regarding the efficacy of this gel in AK treatment.
This gel applied with a penetration enhancer mask has shown
promising efficacy results in the treatment of actinic damage and
AK with DL-PDT [15,16]. Our study is a pilot trial; therefore,
the results we have obtained should be confirmed by larger
comparative trials.

CONCLUSION

In subjects with severe actinic damage, a single DL-PDT session
with ALA 5% thermosetting gel, with penetration-empowering
mask application, was very effective and well tolerated in
reducing clinical signs of skin photodamage.
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