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ABSTRACT

Objective: We assessed the efficacy of a 100+SPF sunscreen containing DNA-repairing enzymes (endonuclease,
glycosylase, and photolyase) and a potent antioxidant extract (Polypodium Leucotomos Extract: PLE) (“Medicalized”
Photoprotection: MP), in subjects with Actinic Keratosis (AK) treated with cryotherapy measuring the evolution of
AKASI score and through a non-invasive analysis with Line-field Confocal-Optical Coherence Tomography (LC)-
OCT.

Patients and Methods: A prospective, 12-month, assessor-blinded, controlled study enrolling patients with < 5 actinic
keratoses on the face and/or scalp suitable for cryotherapy was performed. After cryotherapy, 30 subjects were
instructed to apply the MP twice daily for 12 consecutive months. Thirty subjects were selected as a control group.
AKASI score was evaluated at baseline, after 3 and 12 months.

Results: MP was associated with a significant reduction (p<0.05) of AKASI score after 3 and 12 months. The score of
the treatment group doesn't differ from the control group one at baseline, but it was significantly lower after 12
months. LC-OCT evaluation showed, at the end of treatment period in comparison with baseline that the thickness
of the epithelium and the stratum corneum significantly decreased. A significant decrease of disarranged epithelial
architecture, dyskeratotic keratinocytes, atypical nuclei and dilated vessels has been also observed. A significant
increase (p=0.045) of the Outlined Dermo-Epidermal Junction (ODE]J), was observed.

Conclusion: PLE-based MP significantly improves AKASI score in subjects after cryotherapy treatment in comparison
with controls. In addition, our study showed that morphological features identified by LC-OCT could be potentially
useful for the follow-up of AK subjects.

Keywords: Actinic keratosis; Lesion-directed therapies; Cryotherapy; Photoprotection; Actinic Keratosis Area
and Severity Index (AKASI)

it a pre-neoplastic lesion, it was Ackerman, et al. [3], a century
later, which overturned this concept, asserting that “no distinct

INTRODUCTION

Actinic Keratoses (AKs) are skin lesions deriving from clonal
DNA alterations of intraepidermal keratinocytes, determining
the development of varying degrees of dysplasia [1]. First
described by Dubreuilh, [2], in the XIX century, who considered

histopathologic boundary exists. The reason is that solar keratosis
is a squamous cell carcinoma, albeit an embryonic one”. In more
detail, AK is intraepithelial proliferations
keratinocytes with potential for malignant

of dysplastic
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transformation [4]. The evolutive risk and the costs associated
with treatment, require improving early diagnosis and primary
prevention [5]. New emerging non-invasive skin imaging
techniques provides either a diagnostic support or a better
clinical-instrumental follow-up, especially in evaluating the
efficacy of a treatment [6]. Primary prevention is relying upon
education of the population on the right UV exposure; hence,
photoprotection with sunscreens is strongly recommended in
AK subjects, especially after lesion-directed (i.e., cryotherapy) or
field-directed (i.e., Photodynamic Therapy, PDT) treatments
[7,8]. Recently, high-protection sunscreen products containing
DNA-repairing enzymes and/or antioxidant molecules have
shown to be able to reduce AK lesions and their recurrences,
after conventional PDT [9]. So far, no prospective controlled
data regarding AK treatment with lesion-directed therapies
associated with Medicalized Photoprotection (MP) are available.
To quantitatively evaluate the severity of AK across an entire
affected field, the “Actinic Keratosis Area Severity Index”
(AKASI), has been proposed and commonly used [10]. The
main risk factor is UV radiation; although, other individuals’
aspects such as fair skin, age, gender, inflammation, and
immunosuppression, are involved into etiopathogenesis [11,12].
AKs affect mostly chronically sun-damaged skin of Fitzpatrick
phototype I and II. The lesions appear rarely isolated, usually
coexisting with other visible and sub-clinical ones, giving rise to
a condition described as a “field cancerization” [13]. The
worldwide prevalence is 11%-25%, whereas in Europe, is up to
49% in men and 28% in woman, with an average age of 71
years, and they are among the most common conditions seen in
daily dermatological practice [14,15]. Several clinical and
histological classification systems have been formulated for
grading AK, although their use in clinical practice remains
controversial, because of the poor agreement [16,17]. The main
limitation of these scoring systems is the focus on the severity of
a single lesion, without considering the entire area affected. To
overcome this constraint, a new evaluation method, the “Actinic
Keratosis Area Severity Index” (AKASI), has recently been
proposed [10]. It allows to quantify the severity of AK across an
entire affected field and to compare diseases’s severity before
and after the therapy, resulting more useful in daily routine [18].
Although the progression of a single AK to Cutaneous
Squamous Cell Carcinoma (cSCC) is unpredictable and highly
variable, it seems to range from 0.025% to 16% per year,
whereas a patient with multiple AKs may have an annual risk of
developing iSCC ranging from 0.15% to 80% [19]. Considering
the lack of predictive features of the development of ¢SCC, early
diagnosis is critical and the treatment of all actinic keratoses is
strongly recommended [20]. Noninvasive imaging techniques
such as dermoscopy, reflectance confocal microscopy [21], and
more recently, Linefield Confocal-Optical Coherence
Tomography (LC-OCT) [22], can be used to help the clinical
diagnosis. Nowadays, the malignant evolutive potential and the
costs associated with the disease, created a substantial financial
burden on our healthcare system [23]. The education on the
right UV exposure management and the regular use of
sunscreens, it is strongly suggested in Actinic Keratosis (AK)
subjects, especially after specific lesion-directed (i.e., cryotherapy)
or field-directed (i.e., Photodynamic Therapy, PDT) treatments
[24,25]. High-protection sunscreen products containing DNA-

J Clin Exp Dermatol Res, Vol.13 Iss.5 No:1000620

OPEN 8 ACCESS Freely available online

repairing enzymes and/or antioxidant molecules, have recently
been formulated and have shown to be able to reduce AK
lesions and, in the medium-term, recurrence lesions, after
conventional PDT [9]. A new medical device containing a
complete DNA-repair enzyme complex including photolyases,
glycosylases and endonucleases, a combination of filters with full
spectrum sun protection (UVB and UVA, SPF 100+), and an
extract of Polypodium leucotomos leaves (Polypodium
Leucotomos Extract: PLE, Fernblock® [26,27]) has been recently
developed (Heliocare 360° MD AK, Cantabria Labs, Madrid,
Spain). PLE has welllknown antioxidant, photoprotective, and
immune-modulatory activities [28-30]. The study aim was to
realize a prospective controlled trial, to assess the biological
effects of 12-month treatment with this sunscreen, on the
evolution of AKASI score in AK subjects treated with
cryotherapy, and to evaluate “invivo” and not invasively the
morphological changes of the lesions treated, with a new
technology named Linefield Confocal-Optical Coherence
Tomography (LC-OCT) [31,32], identifying AK criteria, before
and at the end of the treatment period, by two investigators
expert in skin imaging.

MATERIALS AND METHODS

Patients and setting

A 12-months prospective controlled assessor-blinded trial was
performed, covering the period from May 2020 to May 2021, at
the Dermatologic Unit of the University Hospital of Siena in 60
AK subjects. The study was conducted in accordance with the
Declaration of Helsinki, [33], and has recruited 30 patients of
both sexes, without history of immunosuppression, aged >60
years, with < 5 clinically diagnosed, visible and/or palpable AKs,
on the face and/or scalp, suitable for cryotherapy. Thirty AK
patients, matched for age and sex, who refused to treat their
lesions because of the lack of discomfort related, have been
selected as the control group. All the sixty patients involved in
the study investigation gave their informed and signed consent.

Treatment

AKs were outlined with a marking pen; one of them was
biopsied, if considered a suspicious lesion, whereas all the other
AKs were treated in the same session. Patients underwent
cryotherapy using Liquid Nitrogen (LN) as cryogen, directly
sprayed onto the lesion through an appropriate sized nozzle,
held 1 cm from the skin surface. LN was delivered at -196°C,
and ideally it reached approximately -50°C in contact with the
skin, determining epidermal keratinocytes death. A double
freeze-thaw cycle applied for 20 seconds was used. It involves a 1
mm rim of normal skin outside the marked outline of the
lesion. After treatment, all the subjects in the active group were
instructed to apply twice daily (morning and evening) the
medicalized photoprotection on the face and scalp (2 Fingertip
Units to be applied for every application) for 12 consecutive
months. All samples for photoprotection were given to the
patients at baseline visit. In the control group simply
photoprotection advice were given (seeking shadow, use hat in
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outdoor activities etc). The freely use of “non-medicalized”
sunscreens in the control group was also allowed.

Assessment

AKASI score was evaluated and calculated at baseline, month 3
and month 12 by an assessor unaware of the type of treatment.
Score determination implied the subdivision of the head into
four areas and to size of the affected area was attributed a
percentage value that was then represented by a numerical value
between O and 6; as well as the severity of specific clinical signs
(distribution, erythema and thickness) was assessed and scaled
(zero to four, i.e., none to severe). An AKASI subscore was
calculated for each of the four areas of the head and multiplied
the subtotal by the area coefficient. The subtotals together give a
total AKASI score for the entire head. Total scores range from
zero (no AK/no actinic damage) to 18 (AK of the severest
possible degree).

Line-field confocal optical coherence tomography
device

LC-OCT is a time-domain OCT technology that uses line
illumination of the skin and line detection of the signal rather
than point scanning/detection [34]. LC-OCT (DAMAE
Medical, Paris, France) produces vertically orientated sectional
images and videos of the skin in a gray scale. Images/videos were
acquired by two investigators, expert in skin imaging (E.C and
A.L). The device is composed of a handheld probe connected to
a central unit and a display. The device has 1.1 pm axial
resolution, 1.3 pm lateral resolution, 500 pm scanning depth,
1.2 mm lateral field of view and 10 frames/second acquisition.

LC-OCT image acquisition protocol

A drop of paraffin oil was placed between the lesion and the
glass window at the tip of the LC-OCT camera to ensure
refractive index matching. Live images were directly visualized
on the screen, while the operator gently moved the tip of the
probe over the lesion. At least four LC-OCT images and two
videos were saved for each lesion.

Image evaluation

Two observers blinded to any clinical data evaluated all lesions
for the presence/absence of each LC-OCT AK criteria as
recently reported by Cinotti, et al. [35], represented by epidermis
thickness, stratum corneum thickness, parakeratosis, ulceration,
acanthosis, disarranged epidermal architecture, dyskeratotic
keratinocytes, visible nuclei, atypical nuclei, dilated linear
vessels, elastosis and Outlined Dermo-Epidermal Junction

(ODEJ).

Statistical analysis

Statistical analysis was performed using R statistical software.
Continuous variables were expresses as mean = Standard
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Deviation (SD). Previous descriptive analysis was carried out,
absolute frequencies and their percentages were calculated for
qualitative variables, mean and standard deviation for
quantitative ones. ANOVA for the repeated measures was
carried out to evaluate the AKASI increase/decrease in time.
Two-way mixed ANOVA was performed to evaluate if the
information available could modify the progression. Multiple
paired and unpaired ttests with Bonferroni correction were
carried out as post hoc analysis to compare the AKASI between
times or between groups. Paired t-test, Chi-square and McNemar
tests were performed to evaluate the OCT features between
baseline and 12 months. Each statistical test was two-tailed and
was considered significant for p-values<0.05. The primary
endpoint of the trial was the evolution of AKASI score from
baseline and after 12 months in both active and control groups.
We have hypothesized that the tested treatment could reduce the
AKASI score of at least 1.5 points in comparison with baseline
and control group. With an effect size (Cohen’s d value) of 0.75,
with an alpha value of 0.05 and a power of 90%, a total of at
least 60 subjects should be enrolled to detect this difference.
The sample size was calculated using G-Power statistical software
version 3.9 (Kiel, Germany).

RESULTS

The treatment group was constituted of 30 (83.3% men)
subjects aged 78.63 + 6.6 years. Eighteen out of 30 had histology
examinations; thirteen had AK, four SCC and one traumatic
ulceration. Fifteen (50%) had a previous history of non-
melanoma skin cancer. In the treatment group the Olsen score
was evaluated, and 21 patients had Olsen score equal to 2 and 9
patients to 3 (mean = SD 2.26 + 0.52). The control group was
composed of 30 men with a mean age of 76.5 + 3.6 (ttest p-
value=0.123) and are all AK. Table 1 show that the AKASI in
the treatment group significantly decreases over the time.
Already after 3 months it decreased significantly (4.73 £ 2.07 wvs.
6.06 + 2.34; p=0.001) and then remains constant over time. In
the treatment group only two subjects had a recurrence with an
AKASI increase of +14% and +23%, five subjects patients
showed an AKASI score increase of less than 10%.The AKASI
of the treatment group was not different from that of the
control group at baseline, but it was significantly lower after 12
months (p<0.05). The AKASI decrease was not influenced by
other parameters such as sex, previous history of non-melanoma
skin cancer or Olsen. Table 2 shows the LC-OCT changes
between baseline and 12 months in the treatment group. The
thickness of epithelium and the stratum corneum thickness
significantly (p=0.001) decreased. After 12 months we observed
a percentage reduction of parakeratosis (p=0.07). We could also
detect a significant decrease of epithelial
disarrangement, dyskeratotic keratinocytes, and atypical nuclei
and dilated vessels. The ODE], instead, significantly increased
(p=.045).

architecture
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AKASI Baseline 3 months 12 months p-value
100+SPF group (N=30) 6.06 + 2.34 4.73 +2.07 4.63 +2.42 <0.0012b
Control group (N=30) 6.08 £ 1.06 6.15+ 1.14 <0.05

Note:*: Baseline AKASI score was statistically different in comparison with 3-month AKASI score value. b BaselineAKASI score was statistically
different in comparison with 12-month AKASI score value. *: Therapy group and control group are statistically different (p<0.05).

Table 1: Average AKASI score mean * SD values between time and groups.

Baseline 12 Months p-value
Thickness epithelium (max) 119, 6 + 47.7 89,1275 0.001
Thickness stratum corneum (max) 62, 2  67.5 39,6 +46.3 0.001
Parakeratosis
0 10 (33.3%) 17 (56.7%) 0.07
1 20 (66.7%) 13 (43.3%)
Ulceration
0 28 (93.3%) 30 (100.0%) 0.09
1 2 (6.7%) 0(0.0%)
Acantosis
0 6 (20.0%) 8(26.7%) 0.5
1 24 (80.0%) 22 (73.3%)
Disarranged epithelial architecture
0 11 (36.7%) 21 (70.0%) 0.01
1 12 (40.0%) 3 (10.0%)
2 7(23.3%) 6 (20.0%)
Diskeratotic keratinocytes
0 21 (70.0%) 29 (96.7%) 0.005
1 9 (30.0%) 1(3.3%)
Visible nuclei
0 2(6.7%) 0 (0.0%) 0.15
1 28 (93.3%) 30 (100.0%)
Atypical nuclei
0 6 (20.0%) 14 (46.7%) 0.01
1 15 (50.0%) 5 (16.7%)
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2 9 (30.0%)

11 (36.7%)

Dilated vessels

0 11 (36.7%) 23 (76.7%) 0.01
1 19 (63.3%) 7(23.3%)

Elastosis

0 10 (33.3%) 11 (36.7%) 0.5
1 20 (66.7%) 19 (63.3%)

ODE]J (Outlined Dermo-Epidermal Junction)

0 11 (36.7%) 4 (13.3%) 0.04
1 18 (60.0%) 26 (86.7%)

2 1(3.3%) (0.0%)

Note: For binary classification: O=absent; 1: Present; for 3-point classification: 0: no, 1: Mild; 2: Severe.

Table 2: OCT parameters before and after treatment.

DISCUSSION

AK results from the adverse effects of UV radiation on
keratinocytes DNA  which acts as
multifactorial cascade of molecular, cellular, viral, immune, and

initiating factor of a

genetic events that influence the progression of AK to ¢SCC
[36]. There are no defined features to predict which AKs are at
increased risk for malignant transformation and related to a
major morbidity and mortality. Thus, prompt treatment of all
AKs is essential to prevent the risk of evolution. Several
guidelines concerning AKs treatment have been published in
the past years and distinguished among of lesion and field-
directed therapies [37,38]. There are currently no clear
guidelines regarding the specific density of AK lesions per unit
skin area that would indicate a move from lesion-directed to
field-directed therapy, but it is usually a decision made on
going beyond density clinical
manifestation of the lesion, to the evaluation of tolerability, cost

clinical ~ judgment and
of the treatment, age, immune system activity, and compliance
[39,40] on the
management of AKs recommend for single lesions, the
cryotherapy (liquid nitrogen) treatment. Cryotherapy is a lesion-
directed treatment consisting of a focal ablative procedure that
eliminates atypical keratinocytes [41]. It should be considered
the treatment of choice for patients with only a few lesions

of the patient. International guidelines

(about 1-6 lesions) or isolated lesions, or for patients who are
non-compliant with topical agents. Cryotherapy is an effective
and well-tolerated treatment; it is cheap, rapid and easy to
not depend by patient
compliance. However, to date, no standard protocols regarding

perform, and its efficacy does
the time of application of cryogen and the duration of freezing-
thawing cycles are available. Olsen’s Il AKs are generally

treated with a freeze time between 5 and 20s and one freeze-
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thaw cycle; whereas in larger and more hypertrophic lesions
longer freeze time should be required. Polypodium Leucotomos
(PL) is a tropical fern indigenous whose extracts exhibit powerful
photoprotective properties
topically or orally [42]. In vitro and in vivo studies demonstrated
it prevents damage to the DNA [43,44], lipid peroxidation,
activation of pro-inflammatory factors and inhibition of the

after its administration, either

generation and release of Reactive Oxygen Species (ROS) [45],
which damage cellular membranes and induces activation of
different Isoforms of Nitric Oxide Synthase (iNOS) [46]. UV-
iNOS VEGF-induced

angiogenesis and hyperpermeability. PLs' effect also determines

induction of seems to mediate
inhibition of UV-mediated loss of cell-extracellular matrix
adhesion, actin disarray and prevents keratinocyte apoptosis
[47]. The MP product we used in our trial contains also a 3-
component mixture of DNA-repairing enzymes (photolyase,
endonuclease and glycosylase). So far, this product is the only
available on the market containing this specific mix of DNA-
repairing enzymes. The activity of DNA repairing enzymes when
administered topically has been supported by different
published studies [48,49]. As recently stated [50], sunscreens
containing DNA repair enzymes and antioxidants in addition to
the Sun Protection Factor (SPF) can considered as a kind of
“medicalized photoprotection” or “active photoprotection
reversing the UV-induced specific damage to keratinocyte DNA
[51]. Our study demonstrated the benefits of use of an active
photoprotection in AK subjects treated with cryotherapy, on the
evolution of AKASI score, and LC-OCT features change after
therapy. In fact, our study has shown the clinical efficacy and
the positive morphological effects of a specific photoprotection
product containing PLE, DNA-repairing enzymes and sunscreen
filter. The results of this trial suggest that this preventive
approach in AK subject treated with cryotherapy could be
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relevant both for the prevention of photo-carcinogenesis and its
morbidity and for the possibility of reducing the financial
burden associated with the treatment, reducing the impact on
healthcare costs. Some study limitations should be considered
evaluating the results of our trial. First, this was an open not
double-blind controlled trial. However, to increase the internal
validity of the present study, we performed an assessor-blinded
evaluation of the primary outcome (the evolution of AKASI
score). In addition, we use an objective non-invasive skin
evaluation tool (LC-OTC) to assess the evolution of the
cancerization field before and after a MP approach. Another
relevant aspect is that the control group is represented by
subjects not performing cryotherapy. However, cryotherapy is a
lesion-directed therapeutic approach without any relevant effect
on field cancerization modification. Therefore, even if the
control group was represented by subjects not treated with
cryotherapy, we believed that this group could be a significant
and adequate comparison in view of the fact that the trial
outcomes referred to modification of field cancerization
parameters. In our knowledge, this is the first trial evaluating
specific sunscreen strategies in AK subjects with this diagnostic
approach. Future, randomized, longterm, large sample size,
double-blind trials are warranted to better define the protective
role of this approach in subjects with severe actinic damage.

CONCLUSION

Prolonged sun exposure is a definite risk factor for the
development of skin cancer and actinic keratosis. This is link to
the increase DNA damage at keratinocytes level and to the
increase oxidative stress caused by UVB and UVA. Sun
radiation is also involved in triggering inflammation pathway
like the inflammasome. Actinic Keratoses (AKs) are skin lesions
deriving from clonal DNA of intraepidermal
keratinocytes, determining the development of varying degrees
of dysplasia. AK are lesions strictly linked to prolonged and
unprotected sun exposure. From a clinical point of view AK are

alterations

relevant lesions because they can be transformed in squamous
cell carcinoma, a potential severe skin cancer. An effective sun
protection strategy should address to reduce the oxidative stress
at skin level and to reduce the DNA damage. Sunscreens
containing DNA repair enzymes and antioxidants in addition to
the Sun Protection Factor (SPF) can considered as a kind of
“medicalized photoprotection” or photoprotection
reversing the UV-induced specific damage to keratinocyte DNA.
Extract (PLE) has
antioxidant, photoprotective, and immune-modulatory activities.
In addition, some data suggest that PLE administered topically
or systemically can increase the efficiency of endogenous DNA-
repairing systems. The present study has demonstrated that PLE
extract-based photoprotection significantly improves AKASI
score in subjects after cryotherapy treatment in comparison with
controls. In addition, our study showed that morphological
features identified by LC-OCT could be potentially useful for
the follow-up of AK subjects.

“active

Polypodium  Leucotomos well-known
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SUMMARY STATEMENT

In this study we demonstrated that a medicalized
photoprotection strategy (a sunscreen containing potent

antioxidant natural extract of Polypodium Leucotomos and a
mixture of DNA-reparing enzymes) in subjects with Actinic
Keratosis treated with cryotherapy is able to improve in the
medium term the clinical evolution assessed with AKASI score.
This clinical

normalization of skin parameters evaluated by non-invasive

improvement was also associated with

techniques (Line-field confocal tomography).

REFERENCES

1.  Thomson ], Bewicke-Copley F, Anene CA, Gulati A, Nagano A,
Purdie K, et al. The genomic landscape of actinic keratosis. ] Invest
Dermatol. 2021; 141(7):1664-1674.e7.

2. Dubreuilh WA. Des hyperkeratoses circonscrites. Ann Dermatol
Venereol. 1896.

3. Ackerman AB, Mones JM. Solar (actinic) keratosis is squamous cell
carcinoma. Br ] Dermatol. 2006;155:9-22.

4, Heaphy MR, Ackerman AB. The nature of solar keratosis: A critical
review in historical J Am Acad Dermatol.
2000;43:138-150.

5. Uhlenhake EE. Optimal treatment of actinic keratoses. Clin Interv
Aging. 2013;8:29.

6. Welzel ], Schuh S. Noninvasive diagnosis in dermatology. ] Dtsch
Dermatol Ges. 2017;15(10):999-1016.

7. Fleming P, Zhou S ,Bobotsis R, Lynde C. Comparison of the
treatment guidelines for actinic keratosis: A critical appraisal and
review. ] Cutan Med Surg. 2017;21(5):408-417.

8. Werner RN, Stockfleth E, Connolly SM, Correia O, Erdmann R,
Foley P, et al. Evidence-and consensus-based (S3) guidelines for the
treatment of actinic keratosis-International league of dermatological

perspective.

societies in cooperation with the European dermatology forum-short
version. ] Eur Acad Dermatol Venereol. 2015;29(11):2069-2079.

9. de Unamuno Bustos B, Chaparr’ ‘o Aguilera N, Garcia IA,
Andrino ACRos ML, Rodrigo R, et al. Long-term efficacy of a new
medical device containing fernblock® and DNA repair enzyme
complex in the treatment and prevention of cancerization field in
patients with actinic keratosis. Curr Med Res Opin. 2019.

10. Dirschka T, Pellacani G, Micali G, Malvehy ], Stratigos AJ, Casari
A, et al. A proposed scoring system for assessing the severity of actinic
keratosis on the head: Actinic keratosis area and severity index. ] Eur

Acad Dermatol Venereol. 2017;31(8):1295-1302.


https://www.sciencedirect.com/science/article/pii/S0022202X21000142?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2133.2005.07121.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2133.2005.07121.x
https://www.jaad.org/article/S0190-9622(00)65047-8/fulltext
https://www.jaad.org/article/S0190-9622(00)65047-8/fulltext
https://www.dovepress.com/optimal-treatment-of-actinic-keratoses-peer-reviewed-fulltext-article-CIA
https://onlinelibrary.wiley.com/doi/10.1111/ddg.13347
https://journals.sagepub.com/doi/10.1177/1203475417708166
https://journals.sagepub.com/doi/10.1177/1203475417708166
https://journals.sagepub.com/doi/10.1177/1203475417708166
https://onlinelibrary.wiley.com/doi/10.1111/jdv.13180
https://onlinelibrary.wiley.com/doi/10.1111/jdv.13180
https://onlinelibrary.wiley.com/doi/10.1111/jdv.13180
https://onlinelibrary.wiley.com/doi/10.1111/jdv.13180
https://www.researchgate.net/publication/331404105_Long-term_efficacy_of_a_new_medical_device_containing_FernblockR_and_DNA_repair_enzyme_complex_in_the_treatment_and_prevention_of_cancerization_field_in_patients_with_actinic_keratosis
https://www.researchgate.net/publication/331404105_Long-term_efficacy_of_a_new_medical_device_containing_FernblockR_and_DNA_repair_enzyme_complex_in_the_treatment_and_prevention_of_cancerization_field_in_patients_with_actinic_keratosis
https://www.researchgate.net/publication/331404105_Long-term_efficacy_of_a_new_medical_device_containing_FernblockR_and_DNA_repair_enzyme_complex_in_the_treatment_and_prevention_of_cancerization_field_in_patients_with_actinic_keratosis
https://www.researchgate.net/publication/331404105_Long-term_efficacy_of_a_new_medical_device_containing_FernblockR_and_DNA_repair_enzyme_complex_in_the_treatment_and_prevention_of_cancerization_field_in_patients_with_actinic_keratosis
https://onlinelibrary.wiley.com/doi/10.1111/jdv.14267
https://onlinelibrary.wiley.com/doi/10.1111/jdv.14267

Lamberti A, et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ratushny V, Gober MD, Hick R, Ridky TW, Seykora JT. From
keratinocyte to cancer: The pathogenesis and modeling of cutaneous

squamous cell carcinoma. ] Clin Inves. 2012;122(2):464-472.
Flohil SC, van der Leest R], Dowlatshahi EA, Hofman A, de Vries

E, Nijsten T. Prevalence of actinic keratosis and its risk factors in the
general population: The Rotterdam study. ] Invest Dermatol.
2013;133:1971-1978.

Nart F, Cerio R, Dirschka T, Dreno B, Lear JT, Pellacani G, et al.
Defining the actinic keratosis field: A literature review and discussion.
] Eur Acad Dermatol Venereol. 2018;32:544-563.

Lebwohl M. Actinic keratosis: Epidemiology and progression to
squamous cell carcinoma. Br ] Dermatol. 2003;149:31-33.

Cinotti E, Perrot JL, Labeille B, Gues AM, Chol C, Leclerq A, et
al. Prevalence of actinic keratosis in a French cohort of elderly people:
The PROOF study. G Ital Dermatol Venereol. 2017;152(5):537-540.
Schmitt JV, Miot HA. Actinic keratosis: A clinical and
epidemiological revision. An Bras Dermatol. 2012;87(3):425-434.
Reinehr CPH, Bakos RM. Actinic keratoses: Review of clinical,
An Bras Dermatol.

dermoscopic, and therapeutic

2019;94(6):637-657.

Wessely A, Steeb T, Heppt F, Hornung A, Kaufmann MD, Koch
EA, et al. A critical appraisal of evidence-and consensus-based
guidelines for actinic keratosis. Curr Oncol. 2021;28(1):950-960.
Oppel T, Korting HC. Actinic keratosis: The key event in the
evolution from photoaged skin to squamous cell carcinoma. Skin
Pharmacol Physiol. 2004;17(2):67-76.

Weinberg JM. Topical therapy for actinic keratoses: Current and
evolving therapies. Rev Recent Clin Trials. 2006;1(1):53-60.

Cinotti E, Perrot JL, Labeille B, Cambazard F, Rubegni P. Ex vivo
confocal microscopy: An emerging technique
Dermatol Pract Concept. 2018;8(2):109.

Cinotti E, Tognetti L, Cartocci A, Lamberti A, Gherbassi S, Orte

Cano C, et al. Line-field confocal optical coherence tomography for

aspects.

in dermatology.

actinic keratosis and squamous cell carcinoma: A descriptive study.

Clin Exp Dermatol. 2021;46(8):1530-1541.

Higashi MK, Veenstra DL, Langley PC. Health economic evaluation

of  non-melanoma actinic  keratosis.

[CrossRef]

skin  cancer and
Pharmacoeconomics.  2004;22(2):83-94. [Google
Scholar] [PubMed]

Reuter J, Wolfle U, Korting HC, Schempp C. Which plant for
which Part 2: Dermatophytes,
insufficiency, photoprotection, actinic keratoses, vitiligo, hair loss,
cosmetic indications. ] Dtsch Dermatol Ges. 2010;8(11):866-873.
Pavone PS, LovatiS, Scarcella G, Milani M. Efficacy of different
photoprotection strategies in preventing actinic keratosis new lesions
after photodynamic therapy. The ATHENA study: A two-center,
randomized, prospective, assessorblinded pragmatic trial. Curr Med
Res Opin. 2019;35(1):141-145.

Gonzalez S, Gilaberte Y, Philips N, Juarranz A. Fernblock, a

nutriceutical with photoprotective properties and potential preventive

skin  disease? chronic  venous

agent for skin photoaging and photoinduced skin cancers. Int ] Mol
Sci. 2011;12(12):8466-8475.

Parrado C, Mascaraque M, Gilaberte Y, Juarranz A, Gonzalez S.

Fernblock (Polypodium leucotomos extract): Molecular mechanisms
and pleiotropic effects in light-related skin conditions, photoaging and

skin cancers, a review. Int ] Mol Sci. 2016;17(7):1026.

Garcia F, Pivel JP, Guerrero A, Brieva A, Martinez-Alcazar MP,
Caamano-Somoza M, Gonzalez S. Phenolic components and
antioxidant activity of Fernblock, an aqueous extract of the aerial parts
of the fern Polypodium leucotomos. Methods Find Exp Clin
Pharmacol. 2006;28(3):157-160.

Delgado-Wicke P, Rodriguez-Luna A, Tkeyama Y, Honma Y, Kume
T, Gutierrez M, et al. Fernblock® upregulates NRF2 antioxidant

J Clin Exp Dermatol Res, Vol.13 Iss.5 No:1000620

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

OPEN 8 ACCESS Freely available online

pathway and protects keratinocytes from PM2. 5-Induced xenotoxic
stress. Oxid Med Cell Longev. 2020;2020.

Aguilera J, Vicente-Manzanares M, de Gilvez MV, Herrera-
Ceballos E, Rodriguez-Luna A, Gonzilez S. Booster effect of a
natural extract of Polypodium leucotomos (Fernblock®) that improves
the UV barrier function and immune protection capability of
sunscreen formulations. Front Med (Lausanne). 2021;8.

Lacarrubba F, Verzi E, Puglisi F, Micali G. Linefield confocal
optical coherence tomography: A novel,
technique for a rapid, in vivo diagnosis of herpes infection of the skin.

J Eur Acad Dermatol Venereol. 2021;35(6):e404-e406.
Fischman S, Pérez-Anker ], Tognetti L, Di Naro A, Suppa M,

Cinotti E, et al. Non-invasive scoring of cellular atypia in keratinocyte

non-invasive imaging

cancers in 3D LC-OCT images using deep Learning. Sci Rep.
2022;12(1):1-11.

Goodyear MD, KrlezaJeric K, Lemmens T. The declaration of
Helsinki. BMJ. 2007;335(7621):624-625.

Dubois A, Levecq O, Azimani H, Siret D, Barut A, Suppa M, et al.
Line-field confocal optical coherence tomography for high-resolution
noninvasive imaging of skin tumors. ] Biomed Opt. 2018;23(10):
106007.

Cinotti E, Tognetti L, Cartocci A, Lamberti A, Gherbassi S, Orte
Cano C, et al. Line-field confocal optical coherence tomography for
actinic keratosis and squamous cell carcinoma: A descriptive study.
Clin Exp Dermatol. 2021;46(8):1530-1541.

Jeffes EW, Tang EH. Actinic keratosis. Am ] Clin Dermatol.
2000;1(3):167-179.

Goldenberg G, Perl M. Actinic keratosis: Update on field therapy.
J Clin Aesthet Dermatol. 2014;7(10):28.

Goldenberg G. Treatment considerations in actinic keratosis. ] Eur
Acad Dermatol Venereol. 2017;31:12-16.

See JA, Shumack S, Murrell DF, Rubel DM, Fernandez-Pefas P,
Salmon R, et al. Consensus recommendations on the use of daylight

photodynamic therapy with methyl aminolevulinate cream for actinic

keratoses in Australia. Australas ] Dermatol. 2016;57(3):167-174.

Drake LA, Ceilley RI, Cornelison RL, Dobes WL, Dorner W,
Goltz RW, et al. Guidelines of care for actinic keratoses. ] Am Acad
Dermatol. 1995;32(1):95-98.

Arisi M, Pisani EG, Calzavara-Pinton P, Zane C. Cryotherapy for
actinic keratosis: Basic principles and literature review. Clin Cosmet
Investig Dermatol. 2022;15:357-365.

Berman B, Ellis C, Elmets C. Polypodium leucotomos-an overview
of basic investigative findings. ] Drugs Dermatol. 2015;15(2):224.
Middelkamp-Hup MA, Pathak MA, Parrado C, Goukassian D,
Rius-Diaz F, Mihm MC, et al. Oral Polypodium leucotomos extract
decreases ultravioletinduced damage of human skin. ] Am Acad
Dermatol. 2004;51(6):910-918.

Torricelli P, Fini M, Fanti PA, Dika E, Milani M. Protective effects
of Polypodium leucotomos extract against UVB-induced damage in a
model of reconstructed human epidermis. Photodermatol
Photoimmunol Photomed. 2017;33(3):156-163.

Gonzalez S, Pathak MA. Inhibition of ultraviolet-induced formation
of reactive oxygen species, lipid peroxidation, erythema and skin
photosensitization by Polypodium leucotomos. Photodermatol
Photoimmunol Photomed. 1996;12(2):45-56.

Janczyk A, Garcia-Lopez MA, Fernandez-Peias P, Alonso-Lebrero
JL, Benedicto I, Lopez-Cabrera M, et al. A Polypodium leucotomos
extract inhibits solar-simulated radiation-induced TNF-o and iNOS
expression, transcriptional activation and apoptosis. Exp Dermatol.
2007;16(10):823-829.

Philips N, Conte ], Chen Y], Natrajan P, Taw M, Keller T, et al.
Beneficial regulation of matrixmetalloproteinases and their inhibitors,
fibrillar collagens and transforming growth factor-f by Polypodium


https://www.jci.org/articles/view/57415
https://www.jci.org/articles/view/57415
https://www.jci.org/articles/view/57415
https://www.jidonline.org/article/S0022-202X(15)36356-9/fulltext
https://www.jidonline.org/article/S0022-202X(15)36356-9/fulltext
https://onlinelibrary.wiley.com/doi/10.1111/jdv.14652
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.0366-077X.2003.05621.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.0366-077X.2003.05621.x
https://www.minervamedica.it/en/journals/Ital-J-Dermatol-Venereol/article.php?cod=R23Y2017N05A0537
https://www.minervamedica.it/en/journals/Ital-J-Dermatol-Venereol/article.php?cod=R23Y2017N05A0537
https://www.scielo.br/j/abd/a/PwJtf7XHVBpJSN9j7FVnLmH/?lang=en
https://www.scielo.br/j/abd/a/PwJtf7XHVBpJSN9j7FVnLmH/?lang=en
https://www.sciencedirect.com/science/article/pii/S0365059619301424?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0365059619301424?via%3Dihub
https://www.mdpi.com/1718-7729/28/1/93
https://www.mdpi.com/1718-7729/28/1/93
https://www.karger.com/Article/Abstract/76016
https://www.karger.com/Article/Abstract/76016
http://www.eurekaselect.com/article/1692
http://www.eurekaselect.com/article/1692
https://dpcj.org/index.php/dpc/article/view/dermatol-pract-concept-articleid-dp0802a08
https://dpcj.org/index.php/dpc/article/view/dermatol-pract-concept-articleid-dp0802a08
https://onlinelibrary.wiley.com/doi/10.1111/ced.14801
https://onlinelibrary.wiley.com/doi/10.1111/ced.14801
https://link.springer.com/article/10.2165/00019053-200422020-00002
https://link.springer.com/article/10.2165/00019053-200422020-00002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Health+economic+evaluation+of+non-melanoma+skin+cancer+and+actinic+keratosis&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Health+economic+evaluation+of+non-melanoma+skin+cancer+and+actinic+keratosis&btnG=
https://pubmed.ncbi.nlm.nih.gov/14731050/
https://onlinelibrary.wiley.com/doi/10.1111/j.1610-0387.2010.07472.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1610-0387.2010.07472.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1610-0387.2010.07472.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1610-0387.2010.07472.x
https://www.tandfonline.com/doi/abs/10.1080/03007995.2018.1544887?journalCode=icmo20
https://www.tandfonline.com/doi/abs/10.1080/03007995.2018.1544887?journalCode=icmo20
https://www.tandfonline.com/doi/abs/10.1080/03007995.2018.1544887?journalCode=icmo20
https://www.tandfonline.com/doi/abs/10.1080/03007995.2018.1544887?journalCode=icmo20
https://www.mdpi.com/1422-0067/12/12/8466
https://www.mdpi.com/1422-0067/12/12/8466
https://www.mdpi.com/1422-0067/12/12/8466
https://www.mdpi.com/1422-0067/17/7/1026
https://www.mdpi.com/1422-0067/17/7/1026
https://www.mdpi.com/1422-0067/17/7/1026
https://journals.prous.com/journals/servlet/xmlxsl/pk_journals.xml_summary_pr?p_JournalId=6&p_RefId=985227&p_IsPs=N
https://journals.prous.com/journals/servlet/xmlxsl/pk_journals.xml_summary_pr?p_JournalId=6&p_RefId=985227&p_IsPs=N
https://journals.prous.com/journals/servlet/xmlxsl/pk_journals.xml_summary_pr?p_JournalId=6&p_RefId=985227&p_IsPs=N
https://www.hindawi.com/journals/omcl/2020/2908108/
https://www.hindawi.com/journals/omcl/2020/2908108/
https://www.hindawi.com/journals/omcl/2020/2908108/
https://www.frontiersin.org/articles/10.3389/fmed.2021.684665/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.684665/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.684665/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.684665/full
https://onlinelibrary.wiley.com/doi/10.1111/jdv.17182
https://onlinelibrary.wiley.com/doi/10.1111/jdv.17182
https://onlinelibrary.wiley.com/doi/10.1111/jdv.17182
https://www.nature.com/articles/s41598-021-04395-1
https://www.nature.com/articles/s41598-021-04395-1
https://www.bmj.com/content/335/7621/624?flh=
https://www.bmj.com/content/335/7621/624?flh=
https://www.spiedigitallibrary.org/journals/journal-of-biomedical-optics/volume-23/issue-10/106007/Line-field-confocal-optical-coherence-tomography-for-high-resolution-noninvasive/10.1117/1.JBO.23.10.106007.full?SSO=1
https://www.spiedigitallibrary.org/journals/journal-of-biomedical-optics/volume-23/issue-10/106007/Line-field-confocal-optical-coherence-tomography-for-high-resolution-noninvasive/10.1117/1.JBO.23.10.106007.full?SSO=1
https://onlinelibrary.wiley.com/doi/10.1111/ced.14801
https://onlinelibrary.wiley.com/doi/10.1111/ced.14801
https://link.springer.com/article/10.2165/00128071-200001030-00004
https://onlinelibrary.wiley.com/doi/10.1111/jdv.14152
https://onlinelibrary.wiley.com/doi/10.1111/ajd.12354
https://onlinelibrary.wiley.com/doi/10.1111/ajd.12354
https://onlinelibrary.wiley.com/doi/10.1111/ajd.12354
https://www.jaad.org/article/S0190-9622(21)00502-8/fulltext
https://www.dovepress.com/cryotherapy-for-actinic-keratosis-basic-principles-and-literature-revi-peer-reviewed-fulltext-article-CCID
https://www.dovepress.com/cryotherapy-for-actinic-keratosis-basic-principles-and-literature-revi-peer-reviewed-fulltext-article-CCID
https://www.sciencedirect.com/science/article/abs/pii/S0190962204017141?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0190962204017141?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/phpp.12297
https://onlinelibrary.wiley.com/doi/10.1111/phpp.12297
https://onlinelibrary.wiley.com/doi/10.1111/phpp.12297
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0781.1996.tb00175.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0781.1996.tb00175.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0781.1996.tb00175.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0625.2007.00603.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0625.2007.00603.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0625.2007.00603.x
https://link.springer.com/article/10.1007/s00403-009-0950-x
https://link.springer.com/article/10.1007/s00403-009-0950-x

Lamberti A, et al.

48.

49.

leucotomos, directly or in dermal fibroblasts, ultraviolet radiated
fibroblasts, and melanoma cells. Arch Dermatol Res. 2009;301(7):
487-495.

Yarosh DB. DNA Repair, Immunosuppression. Cutis. 2004;74(5):
10-13.

Yarosh DB, Rosenthal A, Moy R. Six critical questions for DNA

repair enzymes in skincare products: A review in dialog. Clin Cosmet

Investig Dermatol. 2019;12:617.

J Clin Exp Dermatol Res, Vol.13 Iss.5 No:1000620

OPEN 8 ACCESS Freely available online

50. Luze H, Nischwitz SP, Zalaudek I, Miillegger R, Kamolz LP. DNA

51.

repair enzymes in sunscreens and their impact on photoageing-A

systematic review. Photodermatol Photoimmunol Photomed.

2020;36(6):424-432.
Megna M, Lembo S, Balato N, Monfrecola G. "Active"
photoprotection: Sunscreens with DNA repair enzymes. G Ital

Dermatol Venereol. 2017;152(3):302-307.


https://link.springer.com/article/10.1007/s00403-009-0950-x
https://link.springer.com/article/10.1007/s00403-009-0950-x
https://www.dovepress.com/six-critical-questions-for-dna-repair-enzymes-in-skincare-products-a-r-peer-reviewed-fulltext-article-CCID
https://www.dovepress.com/six-critical-questions-for-dna-repair-enzymes-in-skincare-products-a-r-peer-reviewed-fulltext-article-CCID
https://onlinelibrary.wiley.com/doi/10.1111/phpp.12597
https://onlinelibrary.wiley.com/doi/10.1111/phpp.12597
https://onlinelibrary.wiley.com/doi/10.1111/phpp.12597
https://www.minervamedica.it/en/journals/Ital-J-Dermatol-Venereol/article.php?cod=R23Y2017N03A0302
https://www.minervamedica.it/en/journals/Ital-J-Dermatol-Venereol/article.php?cod=R23Y2017N03A0302

	Contents
	Prevention Strategies in Patients affected by Actinic Keratosis of the Head: A 12-Month, Prospective, Assessor-Blinded, Controlled Study with Lesion-Directed Treatment Associated with Medicalized Photoprotection
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Patients and setting
	Treatment
	Assessment
	Line-field confocal optical coherence tomography device
	LC-OCT image acquisition protocol
	Image evaluation
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	FINANCIAL SUPPORT
	AUTHORS’ CONTRIBUTION
	SUMMARY STATEMENT
	REFERENCES




