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Abstract

Background The efficacy for actinic keratosis (AK) clearance of field-directed treatments has been investigated in
randomized studies against placebo, but the comparison of results is difficult for several methodological reasons.
Objectives The present study aims to compare efficacy of MAL-photodynamic therapy (MAL-PDT), ingenol mebutate
gel (IMB) and diclofenac plus hyaluronate gel (DHA) on multiple AKs assessing a new performance index of efficacy, the
cumulative AK area and evaluating dermoscopical and high-frequency ultrasound (HFUS) changes.

Methods Patients with >5 Olsen Il AKs in a 25 cm? area of the scalp and face were enrolled and randomized to one of
the treatment choices. Number of AKs and cumulative area were assessed before and after treatment. Dermoscopy and
HFUS were performed on a single AK and surrounding photo-damaged skin in the treatment area.

Results Cumulative AKs area reduced significantly more with PDT compared to other treatment options and with IMB
in comparison to DHA. PDT was also the only treatment option that increased at a significant level the dermal density in
both target AK and the surrounding skin and decreased significantly the SLEB thickness in the perilesional skin at HFUS.
Conclusions MAL-PDT is more effective than IMB and DHA for reducing the cumulative AK area which is calculated
digitally from 3D pictures and should be the preferred performance index for the evaluation of the efficacy of treatments
for AKs, rolling out clinical and dermoscopy evaluation. MAL-PDT improves all HFUS features of chronic photodamages
of the dermis of the skin underlying and surrounding the AK spots.
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Introduction

Actinic keratosis (AK) is the most frequent UV-induced skin
disease in people of Caucasian ancestry."

At clinical examination, it appears as a scaly erythematous
patch of variable size and it is classified in the I-IIT Olsen’s scale
according to the thickness.” Non-invasive diagnostic techniques,
e.g. dermoscopy,™ in vivo confocal microscopy* and high-fre-
6

quency ultrasound (HFUS) echography,™ may be helpful for
the early diagnosis, treatment monitoring and follow-up of AKs
and the imaging of selected morphological features of the sur-

rounding photo-damaged skin.*® Nowadays, there is a general
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agreement”® that all AKs must be treated because the risk of
progression to squamous cell carcinoma (SCC) is independent
by lesion thickness.” Furthermore, in the case of multiple and
confluent AKs, the surrounding photo-damaged skin must be
treated as well'®'* because it harbours the so-called field of
cancerization with keratinocytes bearing a heavy UV-related
mutational burden leading of a high risk of new lesions and
relapses.”®

This therapeutic goal can be reached with field-directed drug
treatments including photodynamic therapy (PDT) with methyl
aminolevulinate (MAL), imiquimod (IMI), 5-fluorouracil
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(5FU), diclofenac plus hyaluronic acid (DHA) and ingenol
mebutate (IMB)."? The efficacy for AK clearance of the treat-
ments has been investigated in randomized studies against pla-
cebo, but the comparison of results from different studies'>' is
difficult for several methodological reasons. First of all, clearance
is almost always assessed with the only visual inspection and this
allows some degree of subjectivity among assessors. In second
place, results are given in some trials as a rate of cleared AKs and
in other trials as a rate of patients with 100% (or other lower
percentages) of cleared lesions. In addition, both methods can
be strongly influenced by the number of lesions per patient and
the different ratio of Olsen AKI and Olsen AKII in the treated
fields. In addition, different protocols of treatment (sometimes a
treatment cycle is repeated if no or partial response is seen after
the first one) and different time of follow-up before assessment
of results are other main confounding factors. Therefore, it has
been suggested that direct comparative studies are needed for a
better understanding of efficacy.'®'*”

The present randomized comparative single-blinded non-
inferiority study aims to compare clinical multiple AKs (mAKs)
of the face and scalp and surrounding skin treated with MAL-
PDT, IMB and DHA. In order to minimize the subjectivity of
the assessors, all lesions were Olsen IT AKs and a new perfor-
mance index of efficacy, the cumulative AK area, has been sug-
gested.'® This index was defined by using a dedicated analysis
software on 3D digital pictures, which is able to assess the actual
lesions’ extent. Finally, HFUS features of the perilesional skin
were investigated in order to improve the knowledge of treat-
ment-driven changes of the photo-damaged skin.

Materials and methods

Patients

We enrolled consecutive adult patients (phototypes I-IV) with
>5 Olsen II non-pigmented AKs in a 25 cm” area of the scalp,
forehead and face who presented at the Dermatology Depart-
ment of the University of Brescia, from August 2017 to August
2018.

Exclusion criteria were concomitant clinically significant unsta-
ble medical conditions, active systemic infectious diseases,
immunosuppression, chemical dependency or alcoholism, cur-
rent participation in another clinical study, Olsen’s grade I or III
AK and/or invasive tumours within the target 25 cm’ area,
known allergies to any molecule in the study drugs, use of photo-
sensitizing drugs, pregnancy or lactation, any other dermatologi-
cal disease in the treatment area or in a distance of 3 cm, prior
topical treatment for AKs within a period of 6 months and likeli-
hood of poor compliance. The study was approved by the Local
Ethics Committee (Protocol Number 2909), and it was conducted
in accordance with the Declaration of Helsinki. All patients were
given verbal and written information on the nature of the study
and they signed an informed consent before enrolment.
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Treatment procedure

Patients were randomized witha 1 : 1 : I allocation with a com-
puter-generated list using random permuted blocks of six to
ensure concealment of allocation to three-field treatments: con-
ventional MAL-PDT with 16% MAL cream (Metvix®; Galderma
SA, Lausanne, Switzerland), 0.0015% IMB gel (Picato gel®, Leo
Pharma, Ballerup, DK) and 3% + 2.5% DHA gel (Solaraze® gel;
Almirall Italia, Milan, Italy). Patients and treating physicians
were not blinded to group assignment.

At baseline, a 25 cm? skin area of the face or scalp with at least
5 Olsen I Aks was selected® and marked with black ink. All
treatments were delivered according to the protocol that is
approved by the European Medicines Agency (EMA). IMB gel
was self-applied by patients to the target 25 cm?® area overnight
for three consecutive days.'” With DHA gel and MAL-PDT, the
25 cm? area was selected within a 200 cm” treatment area. A fin-
gertip unit (approximately 0.5 g) of DHA gel was self-applied
twice daily for 90 days.”® The first session with MAL-PDT was
delivered to all patients and a second session was delivered only
if needed after 3 months.*'

Three performance indexes were used: the number of lesions
defined after visual inspection and dermoscopical examination
(Vidix 4.0; Medici Medical, Modena, Italy) at baseline (T0) and
90 days after the end of treatment (EOT) (T1) by two investiga-
tors (MA and MP) who were blinded to treatment assignment;
the AKs’ cumulative area in the sample'® area calculated with the
analysis (Vectra Viewer® software; Canfield, Fairfield, NJ, USA)
of 3D digital pictures (Vectra H1® camera; Canfield, Fairfield,
NJ, USA) and the number of patients attaining the clearance of
all lesions (complete responders) in the 25 cm” treated area.

In addition, we selected a representative Olsen grade II AK
and a small spot of clinically unaffected skin within the test area
for HFUS investigations (Fig. 1). We used a 50 MHz HFUS
(DUB® Skin Scanner; Taberna Pro Medicum, Im Dorf, Liineb-
urg) that has 4 mm useful depth of signal penetration and
40 dB gain under standard conditions (20-23°C environmental
temperature with patient lying for at least 10 min). Total, epi-
dermal and dermal thicknesses (um), subepidermal low-echo-
genic band (SLEB) thickness (um) and lesional and SLEB
echogenicity (expressed as percentage of dermal density) were
analysed with a specific image-analysis software as main HFUS
features of photodamage or hyperkeratosis (Fig. 1). HFUS inves-
tigations were repeated in the same skin spots that were identi-
fied on the basis of the digital pictures.

Analysis of 3D digital pictures and HFUS images was per-
formed by two physicians (MA and MP), who were blinded to
treatment assignment.

Statistical analysis

Statistical analysis was performed with the SPSS™ (v25.0; IBM
SPSS, Armonk, NY, USA) software program. Based on previous
data on effectiveness of drug treatments'® for AKs, assuming a
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Figure 1 Trial design: we evaluated the AKs number and their
cumulative area in a selected 25 cm? area. In addition, we
assessed echographic (total, epidermal and dermal thickness;
dermal density) features of a target AK area (A) and echographic
(SLEB thickness and density) features of a representative
photo-damaged skin area (B). AK, actinic keratosis.

minimal clinical difference of 14%, a standard deviation (DS) of
28, a power of 91% and an o value of 0.01, the sample size
required to show a statistical difference was 30 patients for each
treatment group.

Categorical variables were summarized using percentages, and
continuous variables by calculating medians and range (mini-
mum and maximum values).

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

The medians of continuous variables were compared using
the Wilcoxon test.

Changes in clinical and ultrasound features were defined
using the non-parametric Kruskal-Wallis test for unpaired data.
Only in case of significance, the comparison of each treatment
was then defined by Mann-Whitney test.

The same variations were studied with respect to age, using
non-parametric correlations with Spearman’s Rho, body site,
through aNova parametric test and phototype, with Kruskal-
Wallis test.

Table 1 Patients’ features of interest for the present study

Total N (%)

Patients 84 (93.3)
Age [median (range)] (years) 78 (49-91)
Gender:

Males (%) 76 (90.5)

Females (%) 8(9.5)
Skin Photoype:

| 2(2.4)

Il 39 (46.4)

1 43 (51.2)

I\ 0(0)
History of previous NMSC and/or skin melanoma 36 (42.9)
Number of AKs at baseline [median (range)] 7 (5-13)

Bold values are statistically significant values.
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The identification of any predictors instrumental features of
therapeutic response was performed using logistic or nominal
regressions.

All results were considered statistically significant at a
P <0.05 level.

Results

Ninety patients were enrolled in the study, 30 for each group.
Eighty-four patients (93.3%) completed the study: 26 (28.9%)
were treated with MAL-PDT, 30 (33.3%) with IMB and 28
(31.3%) with DHA. Six (6.7%) patients were lost at follow-up
for reasons unrelated to treatment.

The following analyses were per-protocol because drop-out
patients were excluded from inferential statistics tests.

Patients’ age, gender, skin phototype, history of skin cancer
[both non-melanoma skin cancer (NMSC) and skin melanoma]
and number of AKs in the test area are described in Table 1. A
statistical difference was seen only for gender distribution
(P = 0.005).

Patients with a clearance of all lesion (100% CR) were 6
(23.07%) with MAL-PDT, 9 (30%) with IMB and 4 (14.28%)
with DHA (P = 0.359).

All clinical variables (number and cumulative AKs’ area)
showed a statistically significant reduction with all treatments
(Table 2).

Kruskal-Wallis test for multiple independent samples showed
a statistically significant difference of number and total AKs area
in the selected test area (A = TO — T1) with respect to treat-
ment choice (P < 0.001; Table 3, Fig. 2).

Mann—Whitney test was then used to analyse two by two
which treatment was more effective. The test showed a signifi-
cantly greater reduction in AKs number with PDT in compar-
ison to DHA. We also found that, although the reduction in AKs
number with PDT was greater in comparison to IMB and with
IMB in comparison to DHA, the differences were not statistically
significative. The cumulative AKs area reduced significantly

PDT N (%) IMB N (%) DHA N (%) P
26 (28.9) 30 (33.3) 28 (31.1)

80 (71-89) 76 (49-89) 77 (54-91) 0.079
26 (100) 23 (76.7) 27 (96.4) 0.005
0(0) 7 (23.3) 1(3.6)

1(3.8) 0(0) 1(5.1) 0.501
12 (46.1) 17 (56.7) 10 (35.7)

13 (50.1) 13 (43.3) 17 (59.2)

0(0) 0(0) 0(0)

12 (46.1) 14 (46.7) 10 (35.7) 0.645
9(5-12) 7 (5-13) 7(5-12) 0.23
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Table 2 AKs’ number and cumulative area at baseline and EOT

(median; range) with the three treatment options

Treatment AKs’ number AKs’ cumulative area (cm?)
MAL-PDT Baseline 90 days EOT Baseline 90 days EOT
9(5-12) 2(0-4) 4.61(2.06-9.7)  0.47(0-2.1)
P < 0.0001 P < 0.0001
IMB Baseline 90 days EOT Baseline 90 days EOT
7(5-13) 2(0-6) 3.62(1.75-5.91) 0.76 (0-2.69)
P < 0.0001 P < 0.0001
DHA Baseline 90 days EOT Baseline 90 days EOT
7(5-12) 3(0-8) 3.4 (1.4-8.1) 1.05 (0-7.22)
P < 0.0001 P < 0.0001

Bold values are statistically significant values.

Table 3 Comparison of AKs’ number and cumulative area (cm?) in

the 25 cm? field according to treatment options (A = TO — T1)

Treatment* AKs’ number AKs’ cumulative area
P < 0.0001 P < 0.0001

PDT vs. IMBf P=0.08 P = 0.006
A=7vs.A=55 A =3.38vs. A =281

PDT vs. DHAY P < 0.0001 P < 0.0001
A=7vs.A=4 A=338vs.A =234

IMB vs. DHAY P =0.06 P = 0.035

A=55vs.A=4

A=281vs.A=234

*Kruskal-Wallis test.
tMann-Whitney test.
Bold values are statistically significant values.

more with PDT compared to other treatment options and with
IMB in comparison to DHA (Table 3).

At HFUS evaluation, total, epidermal and dermal thicknesses
of the target AKs changed with all treatments but a statistically
significative difference was found only for the reduction in the
epidermal thickness with MAL-PDT (Table 4). PDT was also
the only treatment option that increased at a significant level the
dermal density in both the skin underlying the target AK and the
surrounding skin and decreased significantly the SLEB thickness
in the perilesional skin (Table 4).

The two by two comparison by Mann-Whitney test of the
effects (A = baseline-90 days after EOT) on total, epidermal and
dermal thicknesses of the target AK with the three treatments
did not demonstrate any statistically significative difference
(P > 0.05).

Photodynamic therapy induced a significantly more substan-
tial reduction in SLEB thickness as compared to both IMB and
DHA and also an increase in echogenicity of the dermis underly-
ing the target AK and the surrounding skin as compared to IMB.
There was no statistically significative difference between
changes of lesional and perilesional dermal echogenicity with
DHA and PDT. DHA showed higher A values than IMB of
lesional and perilesional dermal echogenicities and SLEB thick-
ness as compared to IMB without reaching a statistical signifi-
cance (Table 5).
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The regression performed to identify whether HFUS baseline
dermal density, SLEB thickness and epidermal thickness had a
predictive value of therapeutic response did not show statisti-
cally significant results (>0.05 for all).

Patients’ age and skin phototype were never found predictive
of clinical results and variation in HFUS features with all treat-
ment options (P > 0.05).

Discussion

In the present randomized non-inferiority trial, all investigated
treatment options were found effective for the treatment of
patients with multiple Olsen II AKs. Results show some differ-
ence from previously published results (as summarized in'®) but
we emphasize that, unlike previous investigations, we assessed
the clinical result not only visually but also with digital der-
moscopy that allows a better diagnostic accuracy.> Another
variable that can explain differences in results between studies is
the different ratio of AK I, which are more responsive to all
treatments than AK IL?*2* However, in the present trial, we
enrolled only patients with Olsen II AKs in the target area.

The two by two comparison of treatments has given efficacy
results that were different according to the three performance
indexes that we used: the rate of patients attaining the clearance
of all lesions, the rate of cleared lesions and the reduction in the
cumulative AK area.

The rate of patients who achieved the clearance of all lesions
was not different with the three treatments. However, this per-
formance index can clearly be heavily influenced by the number
of AKs per patient and indeed, in the present trial, it was higher
in patients treated with PDT.

These results of the comparison of IMB versus DHA are in
contrast with those of a previous study in which IMB was found
significantly more effective (P < 0.001) than DHA (twice daily
for 90 days): 53% of patients with complete AK clearance
(AKCLEAR 100) vs. 45%, respectively.”> However, a different
IMB treatment protocol was used as a second treatment cycle
with IMB was allowed if the first was no or partially effective.”®
In another study with a prolonged follow-up (12 months after
EOT), the cumulative probability of remaining free from treat-
ment failure (patients attaining < 75% CR of lesions) was signif-
icantly higher with MAL-PDT (37.7%; 95% CI: 30.0-45.3) in
comparison to IMB (28.9%; 95% CI: 21.8-36.3).*

If we look at the second performance index, the rate of cleared
AKs in the treated area, PDT was found superior to DHA
whereas the comparisons of PDT versus IMB and IMB versus
DHA did not show statistically significant differences.

This performance index is often considered the most reli-
able,"*' although it can be influenced by the size of lesions and
by the difficulty of calculating the AKs number when lesions are
close each other or partially confluent.

Nonetheless, the results of the present study substantially con-
firm the results of two previous randomized comparative trials
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Figure 2 Clinical evaluation of AKs’ number and cumulative area (turquoise area, cm?) in the 25 cm? field by 3D digital pictures (a. PDT
baseline; b. IMB baseline; c. DHA baseline; d. PDT 90 days from EOT; e. IMB 90 days from EOT; f. DHA 90 days from EOT). AK, actinic
keratosis; DHA, diclofenac plus hyaluronate gel; IMB, ingenol mebutate gel; PDT, photodynamic therapy.

from our centre. In the first study, MAL-PDT was found more
effective than IMB (AKs’ clearance rates 42.9% and 31.4%,
respectively) but the difference did not reach a statistical signi-
ficativity (P = NS).* In the second study, the lesion CR rates at
3 months from the EOT were 85.9% and 51.8% (P < 0.0001)

and the patient CR rates were 68% and 27% (P < 0.0001) with
MAL-PDT (a treatment cycle followed by a second, if needed
after 3 months) and DHA (twice daily for 90 days), respec-
tively.”® MAL-PDT was significantly superior also for cosmetic
outcome and patient’s overall satisfaction.®

Table 4 Significant HFUS parameters (median; range) at baseline (TO) and 90 days after EOT (T1)

Treatment Target AK total Target AK Target AK dermal
thickness epidermal thickness
(nm) thickness (um) (nm)

MAL-PDT TO

1176 (797-1836)

261 (39-531)

984.5 (695-1297)

T 1117.5(742-1609)  171.5(54-672) 832 (86-1406)
P 0082 0.04 0.101

DHA TO 1008 (742-1813) 140 (85-586) 867 (641-1406)
T1 11445 (750-1750) 154 (63-655) 957 (555-1484)
P 0355 0.991 0.226

IMB TO 1007 (703-1648) 110.5 (47-656)  773.5 (586-1320)
T1 1008 (729-1836) 117.5 (41-453) 793 (644-1226)
P 0345 0.838 0.657

Bold values are statistically significant values.
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Target AK dermal
density

(%)

11.85 (2.04-34.81)
14.82 (3.2-29.14)
0.03
9.3(3.63-27.18)
9.26 (3.8-43.66)
0.586

10.91 (1.85-29.33)
12.82 (1.66-40.29)
0.122

Perilesional
dermal density
(%)

10.92 (3.72-51.08)
21.15 (2.5-74)
0.008

9.8 (3.04-34.62)
8.32 (4.22-41.64)
0.805

10.16 (4.54-35.02)
10.39 (5.39-52.04)
0.88

Perilesional SLEB
thickness

(pm)

152 (102-500)
113 (31-234)
<0.001

168 (78-453)
168 (76-398)
0.229

148 (78-258)
136 (55-484)
0.71
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pronounced with MAL-PDT in comparison to IMB, whereas
only the reduction in SLEB, but not dermal density, was more
pronounced with MAL-PDT in comparison to DHA whereas no
difference was found between IMB and DHA for all HFUS
features.

The increase in the echogenicity of the upper and lower der-
mal layers and the reduction in the SLEB thickness with MAL-
PDT can be related to several concurrent biological effects: the
reduction in the neo-angiogenic microvascularization,”®° the
reduction in the dermal inflammatory infiltrate,>! the fibroblasts

32,33

proliferation and collagen synthesis and the removal of elas-

totic fibres by macrophages.***’

Altogether these biological activities can explain the photore-
juvenative effect of MAL-PDT that was previously demonstrated
clinically.**" Theoretically, the improvement of dermal photo-
damage could also reduce the pathogenetic role of damaged der-
mis in the development of AKs.>

In the present investigation, the increase of the echogenicity
of the upper and lower dermal layers and perilesional SLEB was
detected with DHA treatment as well, and it could be mainly
related to effects on COX-2 inhibition and consequent downreg-
ulation of E2 prostaglandin (PGE2) and angiogenesis.>

However, a clinical photorejuvenative effect with DHA has
not been reported so far.

In the present investigation, IMB had no effect on HFUS
parameters of dermal photodamage. However, a rejuvenation
effect on clinical features of photodamage has been recently
described in a preliminary study,’® and therefore, further studies
are needed to clarify this issue.

Another aim of the present study was to identify possible pre-
dictors of therapeutic response of the three therapies. However,
either baseline clinical parameters (age and skin phototype) or
baseline HFUS parameters (baseline epidermal thickness, dermal
density and SLEB thickness) were not found to be predictive of
the therapeutic response with each treatment. In this field, HFUS
may not be the most appropriate tool and other non-invasive
techniques, such as reflectance confocal microscopy, may add
some more information.

In conclusion, the present investigation has demonstrated that
MAL-PDT is more effective than IMB and DHA for reducing
the cumulative AK area, more effective than DHA, but not IMB,
for reducing the AK number whereas no difference was seen in
the number of patients with all cleared lesions. In our opinion,
the digital assessment of the reduction in the cumulative AK area
(preceded by a careful inspection of the treated area with digital
dermoscopy) should be the preferred performance index for the
evaluation of the efficacy of treatments for AKs. In addition, we
have demonstrated that all AK treatments restore the epidermal
thickness and that all treatments are not followed by skin atro-
phy. However, only MAL-PDT improves all HFUS features of
chronic photodamages of the dermis of the skin underlying and
surrounding the AK spots.
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