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Artificial daylight photodynamic therapy with methyl
aminolevulinate is an effective and almost painless
treatment approach for actinic keratoses. The objec-
tive of the prospective, non-interventional, multicentre
study ArtLight (NCT05725213) was to gain com-
prehensive insights into the cosmetic effect of met-
hyl aminolevulinate-artificial daylight photodynamic
therapy in patients with actinic keratoses using diffe-
rent artificial daylight systems under real-world condi-
tions. The study enrolled patients with Olsen grade 1 or
2 actinic keratoses on the face and scalp in Germany.
Patients were treated with methyl aminolevulinate-
artificial daylight photodynamic therapy. The cosmetic
effect was assessed via photodamage parameters (glo-
bal score for photoaging, mottled pigmentation, tactile
roughness, telangiectasias, fine lines). Each photoda-
mage variable was recorded on a 5-point scale (0-4).
In total, 224 patients (median age: 75.0 years [range
50-91], 85.3% male, 62.5% Olsen grade 2, 55.4%
treatment-naive) were treated with methyl aminole-
vulinate-artificial daylight photodynamic therapy. At
month 3, all 5 parameters of photoaging were signifi-
cantly reduced from baseline (p<0.001). The majority
of patients (81.3%) and investigators (83.6%) rated
the cosmetic result as good or very good. Beyond effec-
tive eradication of actinic keratoses, field-directed met-
hyl aminolevulinate-artificial daylight photodynamic
therapy can improve photoaging symptoms, including
tactile roughness, mottled pigmentation, telangiecta-
sis, and fine lines. Thus methyl aminolevulinate-artifi-
cial daylight photodynamic therapy provides additional
benefits, particularly for patients concerned with cos-
metic outcomes during or after treatment.
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ctinic keratoses (AK) are keratinocyte neoplasms
following long-term exposure to ultraviolet (UV)

SIGNIFICANCE

Beyond effective eradication of actinic keratoses, field-
directed methyl aminolevulinate-artificial daylight photo-
dynamic therapy can improve photodamage symptoms,
including tactile roughness, mottled pigmentation,
telangiectasis, and fine lines. Methyl aminolevulinate-arti-
ficial daylight photodynamic therapy provides additional
benefits, particularly for patients who are concerned with
cosmetic outcomes during or after treatment. As the treat-
ment is almost pain-free and has visible effects on cosme-
tic results and actinic keratosis lesion count, this promotes
patients’ satisfaction and adherence.

radiation (1). Whereas UVB plays a major role in skin
cancer by exerting its primary effect on the epidermis,
causing sunburn and inflammation, UVA contributes
significantly to photodamage by deep penetration into the
dermis (2—4). As a consequence of these UV effects, AK
present as rough scaly patches arising on the skin that can
potentially evolve into invasive and metastatic cutaneous
squamous cell carcinoma (SCC), if left untreated (5, 6).
The cosmetic appearance of photodamaged skin, which
includes visible signs of photoaging, such as rough skin
texture, fine lines, coarse wrinkles, telangiectasias, and
mottled pigmentation, often affects patients’ self-esteem
(7). In particular, the presence of telangiectasias has been
associated with development of severe AK (8). An ideal
treatment should therefore eradicate AK to prevent the
progression to skin cancer and simultaneously reverse
photodamage. The cosmetic improvement of the skin in
AK patients following the alleviation of photodamage
symptoms, such as lines, mottled pigmentation, and
telangiectasias, is considered an overall indicator of the
response to therapy (9). Thus, assessing the cosmetic
effect is important, to gain insight into the impact of
disease burden and treatment effects in patients with AK,
which may not be fully captured by traditional, validated
endpoints, such as lesion count.

Among various available treatment options, non-inva-
sive field-directed treatments, including photodynamic
therapy (PDT), have proved to be efficient in managing
multiple AKs in a contiguous area (10). PDT targets
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subclinical lesions in chronically UV-damaged skin areas
as well, while healthy cells are left largely intact (11).
Before PDT was approved for the treatment of AK, its
rejuvenating effects were observed in several studies (12,
13). Marked improvement of skin ageing signs following
conventional PDT (cPDT) was initially described in 2002
(12). As cPDT was associated with elevated levels of
procedural pain during the irradiation, performing PDT
in daylight (DL-PDT) turned out to be more tolerable
with comparable photo-rejuvenating effects (14—16). In
order to enable PDT application all year round and under
controlled conditions, artificial daylight PDT (ADL-
PDT) using certified light sources has been established in
clinical routine. A split-face study demonstrated cosmetic
outcomes with ADL-PDT comparable to those achieved
with cPDT (17). There is substantial literature supporting
the use of PDT with either aminolevulinic acid (ALA)
or its methyl ester methyl aminolevulinate (MAL) as
photosensitizer in the treatment of AK. During PDT, the
photosensitizer is selectively absorbed by photodamaged
skin cells, whereby the lipophilic character of MAL
enhances its ability to penetrate tissues and increases its
target-cell specificity (18, 19). At the time the present
study was initiated, MAL was the only photosensitizer
approved for ADL-PDT in Germany.

There is a lack of systematic observations under real-
life conditions to assess the effectiveness and safety of
the different available light sources approved for MAL-
ADL-PDT in Germany. Therefore, the aim of this non-
interventional study (NIS), ArtLight, was to generate
real-world data on the use of MAL with various approved
ADL lamp systems in a large patient cohort in order to
gain comprehensive insights into the practicability in
daily routine. MAL-ADL-PDT was safe and effective.
Three months after treatment, lesion counts were redu-
ced in the focus area by 71% (p<0.001) and the median
AKASI decreased from 6.2 at baseline to 3.4 at month
3 (95% confidence interval 2.4-3.0; p<0.001). Nearly
all patients (93.3%) experienced no or mild pain during
PDT (numeric rating scale score 0—3) and no new safety
signals were reported (20). Here we focus on the cos-
metic effect assessed as improvement of photodamage
parameters.

MATERIALS AND METHODS

Study design

Study design, eligibility criteria, and study procedures
have been described previously (20). In brief, the effect
of ADL-PDT with MAL on photodamage in patients
with AK was evaluated in a multicentre, open-label, pro-
spective non-interventional observational cohort study
conducted (according to § 4 (23) and § 67 (6) German
drug law) in 38 dermatology centres in Germany between
November 2022 and October 2023. The study protocol
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was reviewed by the ethics committee of the Westp-
halia-Lippe Medical Association and the Westphalian
Wilhelms University of Miinster (ref no. 2022-488-£-S)
prior to the study’s commencement. The data collection
was conducted in compliance with the current version
of the Declaration of Helsinki, as well as guidelines and
recommendations for safeguarding Good Epidemio-
logical Practice, and other applicable regulations and
laws. No additional diagnostic measures beyond routine
clinical practice were required. MAL-ADL-PDT using
160 mg/g MAL cream was performed at the baseline visit
in accordance with the regular treatment routine and the
treatment recommendations in the summary of product
characteristics (SmPC). To assess outcome parameters,
follow-up documentation was scheduled 3 months after
treatment.

Study population

Adult patients with a confirmed diagnosis of thin or non-
hyperkeratotic and non-pigmented AK (Olsen grade 1 or
2) on the face or scalp were selected from dermatology
practices when MAL-ADL-PDT was indicated, and the
decision to undergo MAL-ADL-PDT was made indepen-
dently of this study. Exclusion criteria were skin cancers
or precursors other than AK of Olsen type I and II.

Assessments

Detailed effectiveness and safety parameters have been
published separately (20). The cosmetic effect was asses-
sed as improvement of photodamage parameters (global
score for photoaging, mottled pigmentation, tactile
roughness, telangiectasias, fine lines). Each photodamage
variable was recorded on a 5-point scale (0—4), where
higher points indicate higher damage, according to Karrer
etal. (15). For evaluation of the global score for photoa-
ging, the entire face and scalp were taken into account.
Mottled pigmentation, tactile roughness, telangiectasias,
and fine lines were assessed within a pre-specified focus
area, covering 10 x 10 cm of the treated area. Optional
photo documentation was performed at baseline and
month 3. Both the investigators and patients rated their
satisfaction with regard to the cosmetic result on a 5-point
Likert scale (very good, good, satisfied, unsatisfied, very
unsatisfied) at month 3 and, for patients who received a
second treatment, month 6.

Statistical analysis

The sample size of the study population was determi-
ned by the number of eligible patients who agreed to
participate in the observation. All documented data
were analysed descriptively. For continuous variables
(size, age, time periods, etc.), the statistical parameters
(mean, standard deviation, median, minimum, maximum,
interquartile range, total number) were listed. Discrete
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variables were categorized in the form of frequency dist-
ributions and listed as a percentage of the total sample.
Exploratory analyses were carried out to investigate the
change in skin quality parameters, which was determined
using the Wilcoxon test. All tests were two-sided and
significance was declared at the 0.05 level. Imputation
methods (such as Last Observation Carried Forward)
were generally not used for missing data. All statistical
analyses were performed with the SPSS program package
(version 22.0, IBM Deutschland GmbH, Ehningen,
Germany).

RESULTS

In total, 224 patients (median age: 75.0 years [range
50-91], 85.3% male, 62.5% AK Olsen grade 2, 55.4%
treatment-naive) were included in the study and treated
with MAL-ADL-PDT. At baseline, the median scores for
photodamage parameters were 2.0 (range 0—4) for global
photoaging score, mottled pigmentation, telangiectasia,
and fine lines, respectively, and 3.0 (range 1-4) for tactile
roughness. At month 3, 215 patients were available for
the efficacy analysis.

Photodamage

At month 3, all 5 parameters of photodamage (global
photoaging score, tactile roughness, mottled pigmenta-
tion, telangiectasia, fine lines) were significantly reduced
from baseline (p<0.001) as illustrated by the shift in
the interquartile range (Fig. 1, Table I). Fig. 2 shows
an example of 3 patients from different study sites with
improved photoaging parameters at month 3 compared
with baseline. In patient A the global photoaging score
changed from 2 to 1, tactile roughness from 2 to 1,
mottled pigmentation from 3 to 0, telangiectasia from 2
to 1, and fine lines from 3 to 1 (Fig. 2a). In patient B the

Table I. Change in photodamage parameters

Baseline Month 3 p-value
Factor n Median (IQR) Median (IQR) (V1-V2)
Global score for photoaging 215 2.0 (2, 3) 2.0(1,3) <0.001
Tactile roughness 214 3.0(2,3) 2.0(1,2) <0.001
Mottled pigmentation 215 2.0(2, 3) 2.0(1,2) <0.001
Telangiectasia 213 2.0 (1.75, 3) 2.0 (1, 2) <0.001
Fine lines 214 2.0(2,3) 2.0(1, 3) <0.001

IQR: interquartile range.

score for mottled pigmentation changed from 4 to 3, the
score for telangiectasia also from 4 to 3, and fine lines
from 4 to 2. The global photoaging score and the score
for tactile roughness remained stable at 3 (Fig. 2b). In
patient C the score for tactile roughness changed from
3 to 2, the scores for mottled pigmentation, fine lines,
and the global photoaging score remained stable at 2.
The score for telangiectasia remained stable at 3 (Fig.
2c¢). Additional patient images have been published
previously (20).

Twenty-two patients (10.2%) received a second tre-
atment. In the 16 patients evaluable 3 months after the
second treatment, further improvement was observed in
all 5 parameters of photodamage (Table II).

Satisfaction with cosmetic result

Three months after the initial treatment, the majority
of patients (81.3%) and investigators (83.6%) rated the
cosmetic result as good or very good. Among those re-
ceiving a second treatment, 68.8% of patients and more
investigators (80.0%) rated the cosmetic results 3 months
after the second treatment as good or very good (Fig. 3).

DISCUSSION

The non-interventional study ArtLight currently repre-
sents the largest study that focuses on skin rejuvenation

Global score for photoaging Tactile roughness Mottled pigmentation Telangiectasia Fine lines
(n=215) (n=214) (n=215) (n=213) (n=214)
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
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Fig. 1. Changes in photodamage parameters. Boxes indicate first quartile, median, and third quartile. Whiskers indicate minimum and maximum
data points within the 1.5 interquartile range. Outliers are plotted as dots. Numbers in boxes indicate the median.
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(a) Baseline

(b) Baseline
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with MAL-ADL-PDT applied under real-world condi-
tions for the treatment of AK. Significant improvement
was observed in all 5 assessed photodamage parameters.
To date, clinical studies have provided only little eviden-
ce that ADL-PDT may also reduce facial photodamage.
The beneficial effect of cPDT on photodamaged skin has
been observed previously in studies on skin rejuvena-
tion (12, 21-24). However, in a population treated for
AK, studies investigating the use of cPDT, DL-PDT, or
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Month 3

Month 3

Month 3

Fig. 2. Photo documentation of
three patients with improvements in
photoaging parameters from baseline
to month 3.

ADL-PDT achieved varying results for photodamage
parameters, depending on protocol, pretreatment, and
lamp systems (14, 15). In a randomized split-face trial
investigating MAL-ADL-PDT vs cPDT in 40 patients,
effects on photoaging were observed with both applica-
tions, but, contrary to presented results, they were limited
to erythema and tactile roughness (17). A significant
reduction in signs of photoaging including fine lines,
pigmentation, roughness, erythema, and sebaceous gland
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Table II. Change in photodamage parameters in the subgroup receiving a second treatment

Baseline Month 3 Month 6

(n=16) (n=16) p-value (n=16) p-value

Median (IQR) Median (IQR) (V1-Vv2) Median (IQR) (V1i-v4)
Global score for photoaging 3(2,3) 2(1,3) 0.002 1.5(1, 2) 0.001
Tactile roughness 3(3,3) 2 (1, 2.75) 0.003 1(1,1.75) 0.003
Mottled pigmentation 2(2,3) 2(1,2) 0.007 1.5(1, 2) 0.001
Telangiectasia 2 (2, 2.75) 1.5(1, 2) 0.005 1(1,2) 0.001
Fine lines 3(2,3) 1.5(1, 2) 0.001 1(1,2) 0.001

IQR: interquartile range.

hyperplasia was observed after MAL-DL-PDT (15). In
a small trial with 18 patients, the use of ALA-PDT with
blue light led to significant improvement in skin quality,
fine lines, and skin complexion; however, deep wrinkles
and mottled pigmentation did not improve (25). To the
best of our knowledge, ArtLight is the first study on
MAL-ADL-PDT for AK showing significant reductions
in telangiectasias, the presence of which has been asso-
ciated with development of severe AK (8).

The cosmetic effect noticeable as reversal of photo-
damage results from improvement in the density and
arrangement of collagen and elastic fibres in photodama-
ged skin (26). Collagen is upregulated as a consequence
of the PDT-induced synthesis of keratinocyte-derived
cytokines, which penetrate the basal layer of the epi-
dermis and enhance dermal collagen metabolism (27,
28). In addition, increased epidermal proliferation along
with a reduction of abnormal elastin in the dermis has
been observed (29, 30). Examined underlying genetic
changes included decreased expression of Ki-67, a
marker of proliferation and of p53, a marker of early
skin carcinogenesis (31). Thus, the observed improved
tactile roughness and mottled pigmentation results from
adirect effect of PDT on epidermal reorganization, while
a secondary indirect cytokine-mediated dermal effect on
fibroblast stimulation, elastolysis, and neocollagenesis
resulting in collagen remodelling is responsible for the
improvement seen in fine lines (28, 32). Neocollagene-

Assessed by patient
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mVery unsatisfied

sis in the subepidermal layer leads to a compression of
the telangiectatic vessels towards the deep dermis, thus
resulting in the observed improvement of telangiectasias
on the skin surface (28).

For the indication of AK, a single application of PDT
achieved a satisfactory response in terms of lesion reduc-
tion. For cosmetic indications, studies found that a single
treatment is not always sufficient (13). Whereas 1 applica-
tion of PDT already resulted in significant photodamage
reversal, conducting a second PDT confirmed further
improvement of photodamage parameters compared with
baseline. In terms of satisfaction with cosmetic result,
there is a gap between patients and investigators’ rating
for the repeated treatment at month 6. Patients may ex-
pect faster or more dramatic results, while investigators
assess progress more clinically. A small retrospective
study analysing ALA-PDT for AK indicated effective al-
leviation of photodamage over a 2-year follow-up period
(33). Whether the improvement in photodamage by MAL-
ADL-PDT is a long-term effect remains to be investigated
in future studies with longer follow-up periods.

Overall, assessing cosmetic outcomes in the treatment
of AK is important, particularly for facial or visible
lesions, as poor cosmetic results may impact patient
satisfaction and adherence to follow-up care. However,
given that some patients with AK may generally priori-
tize efficacy over aesthetics, the significance of cosmetic
outcomes should not be underestimated.

Assessed by investigator

6.7
13.3

Month 6
n=15

Fig. 3. Satisfaction with cosmeticresultrated
by patients and investigators.
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In addition to the beneficial effect on photodamage,
MAL-ADL-PDT using different artificial illumination
systems resulted in significantly reduced lesion counts
and AKASI scores as well as high patient satisfaction
with treatment, effectiveness, time investment, and
aesthetics. The procedure was almost pain-free with
the majority of patients reporting no or mild procedural
pain. No new safety signals were reported. Detailed
effectiveness and safety results have been published
previously (20).

The study is limited by its non-controlled real-world
setting, which may be obscured by unknown confounders
in patient cohorts. The strength of the study is the use of
an objective score to assess parameters of photodamage,
with a distinctive description assigned to each score point
in order to minimize error (15). As only a few patients
were lost to follow-up, 3-month assessments were based
on a solid sample size, contributing to the robustness
of the reported results. To mitigate limitations such as
enrolment bias, where participant differences may skew
results, and information bias, arising from data inaccura-
cies, strategies such as standardized data collection and
rigorous quality checks were employed. Although the
demographic makeup of the ArtLight population is si-
milar to common AK populations (17, 34, 35), its setting
in Germany may limit generalizability to other regions.

In conclusion, beyond effective eradication of AK,
field-directed MAL-ADL-PDT can improve photoda-
mage symptoms, including tactile roughness, mottled
pigmentation, telangiectasis, and fine lines. Thus, MAL-
ADL-PDT provides additional benefits, particularly for
patients who are concerned with cosmetic outcomes
during or after treatment. As the treatment is almost pain-
free and has visible effects on cosmetic results and AK
lesion count, this promotes patients’ satisfaction and ad-
herence. Consequently, about 90% of participants would
consider using MAL-ADL-PDT again if needed (20).
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