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ABSTRACT

Photodynamic therapy (PDT) shows great efficacy and high tolerability for the treatment of non-melanoma skin cancer
(actinic keratosis, basal cell carcinoma, Bowen’s disease) especially in patients with large and multiple lesions, in
poor-healing sites and patients immunosuppressed or with co-morbidities. Besides, more recently, PDT has been used,
widely and with great success, for many off-label diseases and in cosmetic dermatology, especially on photorejuvena-
tion, therefore further and larger prospective studies with long-term follow-up are required to verify its efficacy and
safety in treating these condition. The treatment of ageing skin remains a very hot topic, and many systems have been
reported as having varying degrees of success. Nowadays our experience and literature data show how topical PDT
can be considered a new non-invasive device for the treatment o photoaging skin with no/minimal side effects and able

to bridge the world of medical and cosmetic dermatologic surgery.
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1. Introduction

Aging is a complex and multifactorial process that occurs
in all individuals at a variable rate, influenced by envi-
ronmental, hormonal and genetic factors which result in
several functional and aesthetic changes in the skin. Skin
rejuvenation, particularly of the face, remains an ex-
tremely popular elective procedure. Photoaging is mani-
fested clinically by fine and coarse wrinkling, roughness,
dryness, laxity, sallowness, pigmentary mottling, tele-
angectasias, and, in many cases, with preneoplastic and
neoplastic changes. Many systems have been reported as
having varying degrees of success. Relatively recent
technological breakthroughs in minimally invasive pro-
cedural dermatology have offered a multitude of options
to improve overall aesthetic appearance. Chemical peel-
ings (superficial, medium, or deep) are the oldest and the
most widespread aesthetic procedures for skin rejuvena-
tion (eg. pigmentary spots, fine wrinkles, acne scars).
They can be used alone, the most used are alpha-hydroxy
acids (glycolic acid) and beta-hydroxyacids (salycilic
acid), or in conjunction with other nonsurgical methods
for skin rejuvenation such as botulinum toxin A, dermal
fillers or microdermoabrasion treatments. The choice of
the compound depends on the indications and on the

Copyright © 2011 SciRes.

depth of the desired peeling [1]. Fillers are another im-
portant tool in the physician’s armamentarium to combat
ageing phenomena, especially wrinkles, and to restore
volumes. A wide variety of filler substances are now
available. Currently, the most commonly used fillers are
hyaluronic acid and porcine collagen preparations. Poly
L lactic acid (PLLA) has gained its place in the filling of
adipose tissue; other common products include silicone
and calcium hydroxylapatite (CAHA) fillers. Permanent
fillers may be of advantage but carry the risk of perma-
nent adverse reactions [2]. The combination of different
fillers with botulin toxin injections may give optimal
aesthetic results, especially in the lower face treatments
[3]. After years of clinical success and consistent safety
Botulinum toxin type A is included in the forefront of
minimally invasive techniques of facial rejuvenation.
Botulinum toxin is the most effective tool in reducing
dynamic facial lines and rhitydes, especially in the upper
face, for which it is considered the treatments’ corner-
stone [4]. Botulinum toxin can be used as adjunctive
therapy with fillers to increase the efficacy and duration
of results and in conjunction with laser resurfacing. La-
sers and intense pulsed light (IPL) offer numerous thera-
peutic options in the field of cutaneous conditions; the
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combination of effective wavelengths, fluences, pulse
durations and pulse intervals facilitates the treatment of a
wide spectrum of lesions: hirsutism, pigmentary changes
associated with photoaging, vascular lesions such as
teleangiectasias or vascular malformations, acne scars
and wrinkles [5]. Nevertheless, as actinic keratosis (AK)
can be considered the end stage of the skin ageing proc-
ess, and has been successfully treated for several years
using photodynamic therapy (PDT) with important
therapeutical and cosmetic outcome, PDT has been sug-
gested to be used in skin photorejuvenation and we
would like to focus, on this paper, our attention on this
therapy and its role alone or in conjunction with a variety
of lasers and light for cosmetic purposes in the treatment
of many facets of photoaging, like tactile skin roughness,
crow’s feet appearance, dyschromias and teleangectasias.
Actinic keratosis (AK) is an important feature of chronic
sun damage and helps to identify a population at risk of
developing an invasive squamous cell carcinoma (SCC)
either from a pre-existing AK or from the surrounding
skin. PDT Treatment not only of the AK lesion but also
of the field cancerization is part of an optimal strategy
aimed at resolving both the clinically obvious alterations
as well as those of the surrounding skin that probably is
already the site of genetic alterations and of an initial
gradual replacement of normal cells.

2. Discussion

Topical PDT use in dermatological practice is thoroughly
discussed and debated in the scientific literature because
although the concept is simple, the multiple parameters
involved make it complex, and more studies and research
are required to determine the optimal parameters for the
treatment of approved as well as off-label indications. At
the time of this writing MAL (methyl aminolevuli-
nate)-PDT is approved for AK, superficial/nodular basal
cell carcinoma (s/n BCC) and Bowen’s Disease (BD) in
22 European countries, as well as New Zealand and Aus-
tralia, where it is marketed under the trade name Metvix®
(Photocure, Oslo, Norway and Galderma, Paris, France)
and has recently been launched under the name Metvixia®
in USA. Levulan® (DUSA Pharmaceuticals Inc.) is the
other proprietary drug [ALA (5-aminolevulinic acid) 20%
solution in an alcohol-water-surfactant vehicle] that has
been FDA-approved but only for actinic keratoses in the
United States and Canada (although not in European
countries). Different from the US, ALA is not yet in the
pharmacopeia of any European country and can be pro-
duced and commercialized only as a chemical reagent and
its use is subject to the rules and specific authorizations of
local ethics committees and national health regulatory
authorities. PDT for AKs and the other approved-
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indications represent an effective treatment option, it is
well tolerated and non-invasive, there is no need for an-
esthesia and standardized protocols exist and it has shown
excellent cosmetic results [6-15]. ALA/MAL PDT has
been investigated in the off-label treatment of a number of
other neoplastic, infectious, inflammatory skin conditions
with variable and often contrasting results and for the
improvement of visible signs of photoageing. The use of
ALA/MAL-PDT in these indications must follow all the
rules and authorizations specified by the local Ethics
Committees. In these cases different various photosensi-
tizing agents and different uses in delivery and incubation
times, such as being combined with various parameters
relating to light, are used and no standardized protocols
exist.

3. PDT Action in Photorejuvenation

Photodynamic therapy (PDT) is a treatment modality
using a photosensitizer, light and oxygen to cause
photochemically induced selective cell death. When ex-
posed to light with the proper wavelength, the topically
applied photosensitizer or photosensitizer precursor can
activate a biomolecule through electron transfer to yield
free radicals or produce singlet oxygen from energy
transferred from the excited sensitizer to molecular oxy-
gen. The tissue damage is the result of the activation of
reactive singlet oxygen or free radicals production; this
causes cell apoptosis or necrosis, membrane, mitochon-
drial damage and many signaling molecules activation.
These free radicals have a selective action based on the
characteristic location of accumulation of ALA in the skin.
Furthermore, damaged and highly proliferative epidermal
cells produce more PpIX when exposed to ALA/MAL and
light and, as a result of decreased barrier function, greater
penetration of the sensitizing agent is allowed. We are still
far from a thorough understanding of the molecular
mechanism of rejuvenation with this technique: we think
that PDT permits the production and release of factors as
TGF-B and FGF, inducing a consequent fibroblasts’ ac-
tivation and collagen type I-III synthesis, moreover it
reduces the expression of collagen-degrading enzymes as
matrix metalloproteinases-1, -3, and -12. Afterwards PDT
can achieve smart results in photorejuvenation, thanks to
its skill to contrast the collagen degradation, permitting its
synthesis into dermis. PDT has become one of the most
often chosen treatment for premature skin aging espe-
cially due to sun exposure. A significative improvement
of many photodamage signs, like fine lines and wrinkles,
dyschromias (hyperpigmentation and hypopigmentation),
sallowness, diffuse redness, teleangectasias, can now be
achieved thanks to PDT technique, giving the patients a
better aesthetic appearance of the treated area. Nowadays
the patients themselves are able to notice the results ob-

JCDSA



32 Photodynamic Therapy/Assisted Photorejuvenation

tained with PDT and they have started seeking this kind of
treatment in the field of dermatologic practice. The pos-
sibility to utilize different parameters as the incubation
times of the photosensitizer and the light intensity, notably
lower than those exploited for oncologic lesions, permits
the physicians to guarantee shorter healing times, fewer
side effects and therefore a higher patient tolerance. The
three main devices currently used in inducing a cosmetic
PDT effect are PDL (pulsed dye lasers) (585 nm and 595
nm), IPL (intense pulsed light) (500 - 1200 nm) devices,
and narrow band blue/red-light lamps (blue light sources
use the maximum absorption peak of PpIX at 410 nm, red
light seeks to use one of the smaller absorption peaks of
PpIX at 630 nm). ALA-PDT with a blue light source
resulted in an improvement of skin elasticity and reduced
skin thickening in patients with photodamaged skin [16],
but for the lack of penetration depth and the interference
by melanin (superficial melanin absorption), cosmetic
effect of blue-light PDT, is purely photochemical and
limited (e.g. no results are observed for pigmentary spot).
Touma and Gilchrest [17] suggested the use of mi-
crodermoabrasion just before application of ALA for a
more uniform and rapid penetration of ALA. Although
IPL alone has been proved effective in the treatment of
photoaging, by combining the photothermal effects of IPL
with the photochemical effects of ALA-PDT the cosmetic
possibilities can be expanded and an enhanced cosmetic
effect has been demonstrated. Deeper penetrating visible
wavelengths produced by IPL not only have enough en-
ergy to activate the photochemical process but also have
long enough wavelengths to effectively reach and ther-
mally target multiple chromophores including vessels,
pigment and collagen.

Ruiz Rodriguez and colleagues [18] found that
ALA-PDT using IPL as a light source (two treatments at
a l-month interval) resulted in higher levels of qualita-
tive improvement of signs of photoaging in the skin.
After combining the 5-ALA in a cream, they applied it to
actinic keratoses on the face under occlusion for 4 hours.
A 615-nm cutoff filter hand piece was used on the actinic
keratosis areas at 40 J/cm” and over the remaining face at
30 - 50 J/em®. In the three months following the second
treatment they observed complete resolution of actinic
keratoses in 15 subjects and an “excellent” cosmetic re-
sult in all patients with a significant improvement in the
visible signs of photoageing especially for skin texture,
pigmentary changes and teleangiectasias. Pain was re-
ported as “mild,” and post-treatment erythema, edema,
and crusting resolved in 10 days. Excellent results are
reported by using ALA-PDT and blue light or ALA-PDT
with IPL (improvement of 55% for teleangiectasias, 48%
for pigmentary changes and 25% for skin texture) but
with a 1-hour pre-incubation of the drug [19-21]. In this
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case, the use of shorter incubation times permits im-
proved patient tolerance during treatment and, conse-
quently, fewer adverse effects [22]. A comparative study
with short-contact (30 - 60 min) ALA-PDT with IPL
activation by comparing ALA-PDT-IPL with IPL alone
in thirteen patients and three months after the final treat-
ment, showed a higher improvement on the ALA-PDT-
IPL treated side than on the IPL alone side with crow’s
feet appearance (55% vs. 28.5%), tactile skin roughness
(55% vs. 29.5%), mottled hyperpigmentation (60.3% vs.
37.2%), erythema (84.6% vs. 53.8%) and AK clearance
rate (78% vs. 53.6%) [23]. Similar results were reported
by Dover and colleagues [24] that demonstrate the supe-
rior efficacy of IPL-mediated 5-ALA PDT over IPL
alone in global photoaging scale (80% versus 50%), hy-
perpigmentation (95% versus 65%) fine lines (55% ver-
sus 20%) whereas tactile roughness and sallowness were
found to be similar between the ALA and non-ALA-
exposed areas. No differences in side effects were ob-
served. Similarly, ALA-PDT-PDL was found to result in
greater improvement in photorejuvenation than PDL
alone [25]. Key [26] reported significant improvements
in texture and dyschromias and an improved patient tol-
erance treating 12 patients following 1-hour incubation
by using a 585 nm PDL. Alexiades-Armenakas and
Geronemus [27] demonstrate CR of 99.9% at 10 days
and 90% at 4 months in treating AKs of the face and
scalp treated with ALA-PDT-PDL (595 nm) and an im-
provement of photodamaged skin. More recently, open-
label studies and few controlled trials have suggested that
MAL-PDT-red light may have therapeutic potential not
only, as widely demonstrated for actinic keratoses but
also in photodamage [28]. An improvement in mottled
hyperpigmentation, fine lines, roughness and sallowness
of the skin was observed by using MAL cream under
occlusion for 3 hours before exposure to 37 J/em® of red
light (2 treatments with a 1-month interval), but deep
wrinkles, telangiectasias, facial erythema and sebaceous
gland hypertrophy did not always change. The authors
reported a novel mechanism for evaluating the effect of
PDT on skin thickness using echographic analysis [29].
No changes in mottled pigmentation or telangiectasias
but with an improvement in fine lines, tactile roughness,
and skin tightness was observed by Ruiz-Rodriguez et al.
in a randomized, prospective, split-face comparison (1
hour versus 3 hours incubation time) study of 10 white,
adult patients with moderate photodamage, mostly on the
3-hour time incubation side [30]. A clinical improvement
with regard to texture, firmness, wrinkle depth, skin col-
oration, and clearance of actinic keratoses was observed
in an interesting histopathologic and morphometric study
that demonstrated an increase in the amount of collagen
fiber statistically significant 6 months after treatment
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[31].
4. Our Experience

In our experience we treated 25 female with ALA-red
light and we observed an improvement in telangiectasias,
dyschromias and tactile roughness (CR 50%, PR 10%
and no response (NR) 40%) after the first session. How-
ever during the last control, after three PDT sessions
(three months after the start of the treatment), we ob-
tained a CR in 63%, PR in 17% and NR in 20%. The skin
texture was significantly improved at the last control
with a marked improvement in 70%, partial improvement
in 13% and no improvement in 17% (Figures 1, 2, 3 and
4). Clinically obtained results were evaluated by using
Optical Coherence Tomography (OCT), a non-invasive
diagnostic method which gives a histomorphology
evaluation of the skin after 45 days from the last control,

Figure 1. A forehead before PDT.

s da ] \

Figure 2. The same patient of Figure 1 after 3 PDT sessions,
at 2 weeks-interval; she was observed 3 months after the
start of treatment. The lesion was treated with non coherent
red light at wavelength of 632 nm; the lamp used(Aktilite
PDT-model CL128%, PhotoCure, Oslo, Norway) had a light
dose 37 J/em? , light intensity 70 - 100 mW/cm?, it illumi-
nated areas at a distance from 50 to 80 mm.
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Figure 3. A cheek before PDT.

Figure 4. The same patient of Figure 3 after 3 PDT sessions,
at 2 weeks-interval; she was observed 3 months after the
start of treatment. The lesion was treated with non coherent
red light at wavelength of 632 nm; the lamp used(Aktilite
PDT-model CL128%, PhotoCure, Oslo, Norway) had a light
dose 37 J/icm? , light intensity 70 - 100 mW/cm?, it illumi-
nated areas at a distance from 50 to 80 mm.

avoiding a biopsy. We observed the undulated movement
reappearance of the dermo-epidermic junction, that was
linear before the start of the PDT treatment [32]. The lack
of standardized protocols about the employment of PDT
technique in the particular field of photorejuvenation, the
presence of high number of parameters regarding the
different light source used, the photosensitizers, the in-
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cubation times of the latter and others features, make our
results hardly comparable with those obtained by differ-
ent authors, even if all these results are very promising
and encouraging. Potential long term beneficial effects
depend on a proper patient selection and education. Very
recently the use of 0.5% liposome-encapsulated 5-ALA
spraying has been shown to be an alternative to 20%
5-ALA in a cream base in patients undergoing photore-
juvenation but more studies are necessary [33].

5. Conclusions

These experiences show how the topical application of
ALA/MAL acid followed by well-tolerated light sources
(blue/red light, PDL, IPL), can be considered a new
non-invasive procedure for the treatment, with safety and
efficacy, of photodamaged skin and bridges the world of
medical and cosmetic dermatologic surgery [34,35].
ALA/MAL PDT offers cosmetic benefits when used
alone or combined with other therapies (chemical peel-
ings, fillers, botulin toxin) increasing the satisfaction rate

of our patients, depending on the goals of the patient [36].

Most significant advancements have been the develop-
ment of short contact therapy and the synergistic photo-
chemical and photothermal effect of IPL-PDL PDT.
Other advantages are linked to its selectivity for tumoral
cells, its efficacy in treating field cancerization, prevent-
ing any degenerating skin condition and the capacity to
preserve normal tissues that lead to very excellent cos-
metic results, thus offering a good alternative chance to
standard treatment options with minimal, temporary and
easily managed adverse effects [37]. Anesthesia during
treatment is not necessary. It is relatively easy to adopt
by any practicing dermatologist and requires no addi-
tional staff members. The prevention of the incidence of
neoplasms represents one of the most important clinical
fields of interest in modern medicine and, as regards
dermatology, PDT-based clinical action could play a
great part in it. PDT is a promising therapy, capable to
treat both signs of time and neoplastic change of dam-
aged skin preventing new lesions by aging on field can-
cerization. If PDT can be useful in photorejuvenation, in
the rapid and effective treatment of skin cancer and
pre-tumoral conditions, and definitely in the improve-
ment of overall skin health, thus it must be a powerful
mean of preventing any degenerating skin condition.
Among the therapeutic options available, it is advisable,
when supported by the clinical situation of the lesions
and of the patient (different signs of photoageing includ-
ing, on a severely sun damaged skin, signs of neoplastic
changes on an invisible field cancerization), to favour
those options whose objective is the treatment of both the
lesion and the surrounding field such as PDT; in any case
never forget that prevention is the best medicine.
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