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ABSTRACT

Introduction: Actinic cheilitis (AC) is the bio-
logic precursor of invasive squamous cell carci-
noma (SCC) of the vermilion, and different
treatment options have been investigated, but
their efficacy is hampered by local inflamma-
tion, pain and slow recovery. Daylight photo-
dynamic therapy (dl-PDT) has been
demonstrated to represent a valuable treatment
option for AC, but its feasibility is limited by
weather conditions and latitude.
Methods: Our study proposed to compare the
efficacy and tolerability of conventional pho-
todynamic therapy (c-PDT) and indoor daylight
photodynamic therapy (idl-PDT) with a white
LED lamp for the treatment of AC. Sixteen
patients were enrolled in the study: 8 (50%)
treated with c-PDT and 8 (50%) treated with idl-
PDT. All patients completed the study protocol.
Results: Both idl-PDT and c-PDT were demon-
strated to be highly effective in terms of

reduction of the cumulative lesional area and
severity of the clinical score. Neither treatment
was inferior to the other. The inflammatory
reaction and the pain scores were milder with
idl-PDT, whereas the cosmetic outcome was not
different.
Conclusion: The present findings confirm that
idl-PDT can represent a valid therapeutic strat-
egy for AC patients as well, despite the proce-
dural difficulties and the risk of poor tolerability
related to the body site.
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Key Summary Points

Actinic cheilitis (AC) represents a
therapeutic challenge.

This study compared two treatments for
AC: conventional photodynamic therapy
(c-PDT) and indoor-daylight-
photodynamic therapy (idl-PDT).

Photodynamic therapy (PDT) is based on
the activation of a photosensitizing drug
by irradiation with light to cause a
selective cytotoxic damage on the skin.
c-PDT is performed with a red light, while
idl-PDT with a white LED lamp.

Our investigation demonstrated that idl-
PDT is a valuable alternative to c-PDT in
AC treatment with better tolerability and
not-inferior efficacy.

INTRODUCTION

Actinic cheilitis (AC) is the biologic precursor of
invasive squamous cell carcinoma (SCC) of the
vermilion, and its development and progression
are related to the progressive accumulation of
ultraviolet (UV)-related genotoxic damage
[1–4].

The estimated rate of progression to SCC
ranges from 10% to 30% [5], and there are no
clinical features that allow for the prediction of
which AC will progress. Therefore, treatment of
all lesions is recommended regardless of clinical
features.

Topical drug treatments containing 5-fluo-
rouracil (FU), imiquimod (IMI), diclofenac
(DCF), methyl aminolevulinate (MAL) and
aminolevulinic acid (ALA), as well as chemical
peels and surgical options, (e.g. dermabrasion,
cryotherapy, electrosurgery, Er: YAG laser, CO2

laser, conventional surgical vermilionectomy
and Mohs micrographic surgery) have been
investigated, with variable treatment results
[6–8].

Unfortunately, efficacy is hampered by the
difficulty in managing treatments in this
anatomical area: inflammatory reactions are
frequent and severe and the recovery is often
slow and painful.

In addition, these treatment options have
been investigated in small non-randomized and
in a few comparative clinical trials or retro-
spective studies; thus guidelines for AC treat-
ment are not available so far [9–24].

In comparison with other drug treatments,
photodynamic therapy (PDT) with ALA or MAL
[11–13, 16, 17, 20, 21] has the advantage of
being delivered in one or two sessions, thus
lowering the duration of the post-intervention
inflammatory reaction of the lips that is often
difficult to manage by patients. When it is
delivered according to the conventional proto-
col (c-PDT) with red light exposure from a LED
lamp after 3 h of application of the sensitizer
[10–14, 17, 20, 21, 25], the clearance rates are
high [10, 13, 15, 16, 18, 19, 21–23] but adverse
effects, such as intense pain, stinging and
burning sensations are frequent.

Daylight PDT (dl-PDT) has been demon-
strated to represent a valuable treatment option
with similar efficacy to and less pain and
inflammation than c-PDT [9, 15, 19, 22–24],
although comparative studies are not available
so far. In this setting, the MAL or ALA cream is
applied without occlusion for 30 min and then
the lip is exposed to direct or indirect solar
radiation for 2 h [26].

However, the light dose cannot be stan-
dardized because it varies with latitude, altitude,
season and hour of the day. Moreover, the
treatment session cannot take place in the case
of dark clouds, rain, strong wind and low
(10 �C) or high temperatures, causing the need
for patients to be rescheduled with a subsequent
appointment [27, 28].

Indoor dl-PDT (idl-PDT) is a new PDT treat-
ment protocol that differs from dl-PDT only
because the patient is treated indoors with
exposure to an artificial broadband white light
source instead of outdoors with natural daylight
[26]. The advantages are the delivery of a stan-
dard light dose and the avoidance of environ-
mental variability [26, 29–31].
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The present randomized comparative clinical
trial aimed to compare treatment outcomes of
c-PDT and idl-PDT with a new polychromatic
white light lamp for AC.

METHODS

Patients

Inclusion Criteria
The study included males or females 18 years of
age or older affected by AC of the lip vermilion
confirmed by histology.

Exclusion Criteria
The exclusion criteria were: congenital and
acquired photosensitive disorders; immuno-
suppression due to idiopathic, disease-specific
or therapeutic reasons; known allergy to MAL,
ALA or excipients of the cream; history of
hypersensitivity to nut products or other known
protein antigens; participation in other clinical
studies either currently or within the last
30 days; local treatment (both medical or sur-
gical) for AC within the last 3 months; pregnant
or breast-feeding women; any conditions that
may be associated with a risk of poor protocol
compliance.

The study was held at the Dermatologic
Department of the University of Brescia from
January 2019 to March 2021 in accordance with
the Declaration of Helsinki and was approved
by the Local Ethics Committee (protocol no.
3718). All patients were given verbal and writ-
ten information on the nature of the study, and
they signed an informed consent form before
enrolment.

Irradiation Units

Two light sources based on LED technology
were used: a lamp (Aktilite CL128, Photocure
ASA, Oslo, Norway) with output confined in the
red waveband (630 ± 5 nm) and a polychro-
matic white LED lamp (400–700 nm) (Dermaris,
Surgiris, Croix, France).

The emission spectra of the two light sources
were measured with a SR 9910 spectroradiome-
ter (Macam Photometrics Ltd, Livingston, UK).

Irradiances at working distances (8 cm for
c-PDT and 30 cm for iDL-PDT) were 775 Wm-2

for the red lamp and 72.6 Wm-2 for the white
one.

According to the treatment protocols rec-
ommended by the producers, the skin was
exposed for 8 min with c-PDT and 120 min with
idl-PDT. Therefore, the light doses were
37 J cm-2 for c-PDT and 52.3 J cm-2 for idl-PDT
and the effective light doses for PpIX photoac-
tivation were 0.86 Jeff cm

-2 with c-PDT and 1.39
Jeff cm

-2 with idl-PDT. The effective light dose
was calculated with the normalized PpIX
absorption spectrum [32], the spectral irradi-
ance of the lamps and treatment time.

Treatment Procedure

At baseline (T0), randomization with a 1:1 allo-
cation ratio to the treatment options was done
by phone with a computer-generated list using
random permuted blocks of four to ensure
concealment of allocation. Patients and treating
physicians were not blinded to group
assignment.

With both protocols, the treated skin area
was prepared with a mildly abrasive pad to
remove scales and crusts and to roughen the
surface of the AKs before application of a 1-mm-
thick layer of cream containing 160 mg MAL g-1
(Metvix; Galderma SA, Lausanne;
Switzwerland).

A cotton roll was placed in the internal part
of the lower lip to make the vermilion more
everted and the treated area more exposed.

The treatment with the white LED lamp was
delivered according to the dl-PDT treatment
protocol [33]: the treated area was not covered
with an occlusive medication and the light
exposure began after 30 min and lasted 2 h.

Red LED lamp treatment (c-PDT) was deliv-
ered according to the protocol approved by the
European Medicines Agency [34]. The skin area
was covered with an occlusive and light-
shielding dressing (Tegaderm; 3M Italia, Milan,
Italy) and an opaque adhesive tape (Hypafix;
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BSN Medical, Milan, Italy) for 3 h and then
irradiated with the red light LED lamp.

A follow-up examination took place after
3 months from the end of treatment (EOT) (T1).
Patients with incomplete response underwent a
second treatment with the preferred treatment
option.

Clinical Assessment

At baseline (T0), two performance indexes on
each treated area were separately assessed by
two investigators (G.L.R., E.G.P) blinded to
treatment assignment: (1) the AC’s cumulative
area (cm2) calculated on the basis of analysis
(Vectra Viewer software�, Canfield, Fairfield, NJ,
USA) of 3D (Vectra H1 camera, Canfield, Fair-
field, NJ, USA) and 2D digital pictures (ImageJ,
US National Institutes of Health, Bethesda, MD,
USA) [35]; (2) the clinical severity score ranging
on a scale of 0 to 3 (with higher numbers indi-
cating greater severity) of the following param-
eters: dyschromia, atrophy, erythema, dryness,
scales/hyperkeratosis, crusts, erosions/fissures,
and infiltration (maximum total score 24). [19]

Soon after the exposures, patients self-rated
pain and/or burning sensation on a standard-
ised 1–10 visual analogue scale (VAS).

After 3 months (T1), the same two investi-
gators (G.L.R., E.G.P.) who were blinded to
treatment assignment evaluated the clinical
response and calculated AC’s cumulative area
and severity score. Dermoscopic investigation
was performed as a confirmation at both
timepoints.

The percentage of reduction of AC’s area
from baseline was assessed: patients with
reduction[ 65% were considered complete
responders.

Cosmetic outcome was assessed by a distinct
investigator (MTR) who was blinded at the ini-
tial treatment allocation. It was graded into one
of four categories: excellent (no or mild redness
or change in skin pigmentation), good (mod-
erate redness or change in skin pigmentation),
fair (slight-to-moderate scarring, atrophy or
induration) and poor (extensive scarring, atro-
phy or induration) [36].

Statistical Analysis

Statistical analysis was carried out using the
SPSS (version 25.0; IBM SPSS, Armonk, NY, USA)
software program.

Normal distribution of collected data was
analysed by the Kolmogorov–Smirnov test.

Categorical variables were summarized by
using percentages and continuous variables by
calculating medians and range (minimum and
maximum values).

Continuous variables were compared by
using the Wilcoxon test.

Chi-square test was used for percentages
comparison.

To compare the efficacy of the two treat-
ments, a non-inferiority margin of 15% was set.

Linear regression was used to identify any
patients’ clinical and demographic characteris-
tics as possible predictive factors of treatment
response.

All results were considered statistically sig-
nificant at the p B 0.05 level.

RESULTS

Sixteen patients were enrolled in the study: 8
(50%) treated with c-PDT and 8 (50%) treated
with idl-PDT. All patients completed the study
protocol. The main clinical details are presented
in Table 1.

The Kolmogorov–Smirnov test showed that
the population was not normally distributed
(p\ 0.05).

The median (range) individual cumulative
area of treated AC was 3.21 (3.11–3.90) cm2

with c-PDT and 3.18 (3.10–3.91) cm2 with idl-
PDT (p = 0.71) (Fig. 1a). The median individual
severity score was 7.5 (6–9) cm2 with c-PDT and
6.5 (5–8) cm2 with idl-PDT (p = 0.05), (Fig. 1b).

The total AC area and the severity score
reduced significantly after both idl-PDT
(p\ 0.0001 and p = 0.02, respectively) and
c-PDT (p\ 0.0001 and p = 0.01, respectively)
(Fig. 2).

To compare the efficacy of the two treatment
modalities, the variations (DT0 - T1) of AC area
and severity score were assessed. No significant
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differences were found (p = 0.96 each; Figs. 3a,
b, 4)

Difference of ratios of responder patients
who achieved a reduction in AC cumulative
area of at least 65% (100% with idl-PDT and
87% with c-PDT) was non-inferior to 95%
[Confidence Interval (CI) from -19 to -6], far
below the pre-defined non-inferiority margin of
15%.

c-PDT was more painful [VAS: 4 (0–10) with
c-PDT versus 0 (0–1) with idl-PDT (p\ 0.0001)].

Patients did not report any other local or
systemic adverse event after the two procedures.

The cosmetic outcome was not different at a
statistical level of significance (p = 0.16). It was
rated as excellent in five (62.5%) patients trea-
ted with idl-PDT and in two (25%) patients
treated with c-PDT; good in two (25%) patients
treated with idl-PDT and in three (37.5%)
patients treated with c-PDT; fair in one patient
treated with idl-PDT (12.5%) and three patients
treated with c-PDT (37.5%).

The analysis of patients’ clinical and demo-
graphic characteristics (age, sex and clinical
score at baseline) by linear regression as possible
predictive factors of treatment response showed
no influence on AC area reduction or clinical
score reduction after each treatment (p[0.05
for each variable analysed).

DISCUSSION

This was the first randomized comparative non-
inferiority clinical study of c-PDT with a red
LED lamp versus idl-PDT with a polychromatic
white LED lamp for AC, and we found that both
idl-PDT and c-PDT were highly effective as
measured by the reductions of the cumulative
lesional area and the severity of the clinical
score and that neither treatment was inferior.

The inflammatory reaction and pain scores
were milder with idl-PDT, whereas the cosmetic
outcome was not different.

The different kinetics of photochemical and
photobiological reactions in keratinocytes can
explain these differences. During idl-PDT, skin
is irradiated with a low irradiance of white light
for a long time, thus inflammation is mild
because the low amount of porphyrins that is
synthesized by cells after the initial 30 min of
application and additional porphyrins that are
synthesized during the 2 h of incubation are
progressively photobleached; meanwhile, in
c-PDT, a large amount of accumulated por-
phyrin during the 3 h of occlusive medication is
abruptly photosensitized in 8 min [29]. Fur-
thermore, unlike white light, red light allows a
better activation of porphyrins that are in the
deeper level of the epidermis. These photobio-
logical differences strongly influenced the

Table 1 Main clinical and anamnestic details of the pre-
sent study population

c-PDT
n (%)

idl-PDT
n (%)

Total
n (%)

Patients 8 (50%) 8 (50%) 16

(100%)

Age [median

(range)] (years)

59.5

(41–86)

70

(58–86)

64

(41–86)

Gender

Female (%) 7 (88%) 6 (75%) 13 (81%)

Male (%) 1 (13%) 2 (25%) 3 (19%)

Skin phototype

II 4 (50%) 4 (50%) 8 (50%)

III 4 (50%) 4 (50%) 8 (50%)

Immune suppression 0 (0%) 1 (13%) 1 (6%)

History of previous

skin melanoma

1 (13%) 2 (25%) 3 (19%)

History of previous

non-melanoma

skin cancer

(NMSC)

2 (25%) 3 (38%) 5 (31%)

Previous treatments for AC

Diclofenac gel 2 (25%) 0 (0%) 2 (13%)

CO2 laser 0 (0%) 2 (25%) 2 (13%)

Cryotherapy 0 (0%) 1 (13%) 1 (6%)

None 6 (75%) 5 (63%) 11 (69%)
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intensity of pain and inflammatory skin reac-
tions but not the efficacy in the treatment of a
superficial lesion such as AC.

A total of 17 uncontrolled pilot studies with
c-PDT (5 with MAL [12, 16–18, 20], 5 with ALA-
conventional PDT [10, 13, 14, 21, 25] and
another with methyl aminoxo pentanoate [11])
and outdoor dl-PDT (6 with MAL
[9, 15, 18, 19, 22–24]) for the treatment of AC
were previously reported, and their main results

are summarized in Table 2. Efficacy ranged from
62.7% [17] to 100% [9, 10, 12, 15] of patients
with complete remission, and a good or excel-
lent cosmetic outcome ranging from 33% [11]
to 100% [10, 16] of treated patients, and dif-
ferences cannot be apparently explained on the
basis of the sensitizer (MAL or ALA), treatment
modality (idl-PDT or c-PDT), number of sessions
(ranging from one to six), interval between

Fig. 1 Comparison of AC area (cm2) (a) and severity score (b) according to treatment options at baseline (T0): no
statistically significant difference

Fig. 2 AC cumulative area and severity clinical score at baseline (T0) and 3 months follow-up (T1) after c-PDT (a, b) and
idl-PDT (c, d). *Statistically significant
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session (1 or 2 weeks), and location of AC (up-
per or lower lip) (Table 2).

Tolerability was low with dl-PDT and strong
with c-PDT, although broad differences were
found between studies that used the same
treatment modality.

An additional three studies compared the
effectiveness, safety and tolerability of c-PDT
with excimer-dye laser [25], long-pulsed pulsed
dye laser (LP PDL) (595 nm) [37] and
erbium:yttrium-aluminium-garnet ablative
fractional laser [38] as the light source
[25, 37, 38]. All studies reported successful
results, but the advantages, if any, of red LED
light remain to be established. In an

uncontrolled study, sequential treatment with
c-PDT and IMI 5% cream was successful in 80%
of patients after 1 year [39] but it also increased
the degree and duration of inflammation, pain
and discomfort for the patient.

The efficacy and safety of idl-PDT with dif-
ferent light sources were previously investigated
in patients with actinic keratosis of the face and
scalp.

A retrospective non-randomized and non-
controlled study paired illumination sources
mimicking the green and red components of
daylight installed on the ceiling of a treatment
room (Indoorlux System, Swiss Red Ag, Murten,
Switzerland) [31]. The treatment was conducted

Fig. 3 Comparison of AC cumulative area (cm2) (a) and severity clinical score (b) change according to treatment options
(D = T0 - T1): no statistically significant difference

Fig. 4 Clinical assessment of AC before and after c-PDT (a, b) and idl-PDT (c, d)
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Table 2 Studies of c-PDT and dl-PDT for actinic cheilitis. All studies investigated case series with a prospective or
retrospective design

Study
design

Protocol
(sensitizer)

Patients Site Treatment
regimen

CR at
3 months

Relapses at
3 months

Excellent/good
cosmetic
outcome at
3 months

Stender

et al.

(1996)

[9]

P dl-PDT

(ALA)

3 LL 1 session 100% 0% NA

Hauschild

et al.

(2005)

[10]

P c-PDT

(ALA)

3 LL ? UL 2 sessions

1 week

apart

100% NA 100%

Berking

et al.

(2007)

[11]

P c-PDT

(MAP)

15 LL 2 sessions

1 week

apart

47% 0% 33%

Rossi et al.

(2008)

[12]

P c-PDT

(MAL)

5 LL 2 sessions

2 weeks

apart

100% 0% NA

Sotiriou

et al.

(2008)

[13]

P c-PDT

(ALA)

10 LL 2 sessions

1 week

apart

90% NA 100%

Sotiriou

et al.

(2010)

[14]

P c-PDT

(ALA)

40 LL ? UL 2 sessions

2 weeks

apart

65% 35%

(18 months)

81.8%

Fai et al.

(2012)

[16]

R c-PDT

(MAL)

29 LL ? UL 1 session (4

patients), 2

sessions

1 week

apart (25)

72% NA 100%

Levi A

et al.

2013

[15]

P dl-PDT 2 LL ? UL 2 sessions

3–4 weeks

apart

100% NA NA
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Table 2 continued

Study
design

Protocol
(sensitizer)

Patients Site Treatment
regimen

CR at
3 months

Relapses at
3 months

Excellent/good
cosmetic
outcome at
3 months

Calzavara-

Pinton

et al.

(2013)

[17]

R c-PDT

(MAL)

43 LL ? UL 2 sessions

1 week

apart

62.7% NA NA

Suarez-

Perez

et al.

(2015)

[18]

P c-PDT

(MAL)

10 LL ? UL 1 session 80% 25% 80%

Fai et al.

(2015)

[19]

R dl-PDT

(MAL)

10 LL 2 sessions

1–2 weeks

apart

70% NA NA

Chaves

et al.

(2016)

[20]

P c-PDT

(MAL)

16 LL ? UL 2 sessions

2 weeks

apart

62.5% NA NA

Radakovic

et al.

(2017)

[21]

R c-PDT

(ALA)

11 4 UL

7 LL

2 sessions

2 weeks

apart

72.7% 0% (1 at

6 months; 2

at

9 months)

73%

Levi A

et al.

(2018)

[22]

R dl-PDT

(MAL)

11 10 LL

1 UL

6 sessions or

until CR

91% NA NA

Andreadis

D et al.

(2020)

[23]

P dl-PDT

(MAL)

20 LL ? UL 2 sessions one

week apart

90% NA NA

Martin-

Carrasco

et al.

(2020)

[24]

P dl-PDT

(MAL)

6 LL ? UL 2 sessions

1 week

apart

67% NA NA

ALA, aminolevulinic acid; MAL, methylaminolevulinate; MAP, methyl aminoxo pentanoate; P, prospective; R, retro-
spective; UL, upper lip; LL, lower lip; CR, complete remission; NA, not assessed
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in 32 patients affected by superficial (Olsen
grade I–II) actinic keratosis using a nanoemul-
sion-based gel formulation containing 10% ALA
hydrochloride. The complete lesion clearance
rate at 3 months follow-up was 93%, and the
mean VAS score after 30 min 0.1 ± 0.4 [31].

In a following randomized comparative
study [40], a single session of idl-MAL-PDT with
four xenon H4 light bulbs (DBU Dansk Biludstyr
A/S, Aarhus, Denmark) with a colour tempera-
ture of 6000 K was better tolerated than c-MAL-
PDT, but was found to be less effective: 51.5%
versus 62.7% of CR of superficial (Olsen I and II)
actinic keratosis.

In a randomized trial [41] comparing the
efficacy and safety of outdoor dl-MAL-PDT and
idl-PDT with an operating-room LED light
source with a white output for the treatment of
actinic keratosis regardless of their clinical
thickness, no significant difference of efficacy
with the two treatments at 1-, 3- and 6-month
follow-up examinations was found. The median
number and percentage reductions in AKs per
field were 52.3% for dl-PDT and 58% for idl-PDT
at 3 months (p = 0.29). Pain and inflammatory
reactions were mild with both treatments,
without significant differences.

A recent randomized split-face controlled study
from our department has compared the effective-
ness, tolerability and patient preference of c-PDT
and idl-PDT with a white LED lamp (Dermaris,
Surgiris,Croix, France) for grade I–IIAKsof the face
and scalp [26]. The study showed the lack of infe-
riority and the better tolerability of idl-PDT com-
pared with c-PDT, with the former being found to
be the preferred treatment for patients.

The present trial investigated the treatment
of AC according to the same protocol that was
used for the treatment of actinic keratosis [26].

The present findings confirm that idl-PDT
can represent a valid therapeutic strategy for AC
patients as well, despite the procedural diffi-
culties and the risk of poor tolerability related to
the body site.

However, this studypresents some limitations.
First, it was blinded only for the investigator, who
assessed treatment results, and not for patients
and other physicians. Second, the follow-up was
rather short term, and therefore we could not
evaluate late relapses andwhether theyeffectively

reduce or eliminate the risk of progression
towards invasive SCC. Third, we have compared
results obtained with a single treatment cycle.
However, we can hypothesize a better result with
two sessions, as was demonstrated with both
c-PDT and DL-PDT of actinic keratosis [34, 42].
Lastly, the sample size of the study is limited to
only 16 patients, which is to be considered pre-
liminary for future studies on wider cases.

CONCLUSIONS

The present investigation demonstrated that
idl-PDT is a valuable alternative to c-PDT in AC
treatment, with better tolerability and lack of
inferior efficacy. In addition, it seems to present
practical advantages in comparison with out-
door dl-PDT because the spectrum and light
dose are fixed and reproducible and it is always
feasible and programmable regardless of
weather and environmental problems.
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