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ARTICLE INFO ABSTRACT

Background: Field-directed therapy, such as daylight-photodynamic therapy (DL-PDT) or ingenol mebutate (IM),
is indicated for multiple actinic keratosis (AK) lesions located on contiguous areas of skin with significant sun
damage.

Objective: To compare the efficacy of sequential DL-PDT and IM treatment with that of 2 sessions of DL-PDT in
AK patients.

Material and methods: For this observational, multicenter, prospective study we recruited patients for whom DL-
PDT was indicated for the treatment of AK lesions (grades I and II) located on the head. After 1 month of follow-
up those who did not achieve a satisfactory clinical response received either a second session of DL-PDT or were
treated with IM. Epidemiological and clinical data were collected and analyzed.

Results: Forty-three patients were enrolled (39 male, 4 female). The mean (standard deviation, SD) age was 78
(7.84) years, and the mean (SD) number of AK lesions per patient was 9.58 (1.16). After the first session of DL-
PDT, 27 patients (62.8%) required further treatment: 13 (48.1%) received a second session of DL-PDT and 14
(51.9%) were treated with IM. After 1year of follow-up, lesion clearance rates were higher in patients who
received 2 sessions of DL-PDT than those treated with sequential DL-PDT plus IM (75.2%vs 54.6%, p = 0.0013).
Local skin reactions were more frequent in the DL-PDT plus IM group than the group treated with 2 sessions of
DL-PDT (p = 0.0245).

Conclusions: The combination of DL-PDT plus IM appears to have no synergistic effect in the treatment of field
cancerization, and offers no benefits over 2 sessions of DL-PDT monotherapy, although both combinations
produced high lesion clearance rates, a good safety profile, excellent cosmetic outcome, and good patient sa-
tisfaction.
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1. Introduction

Actinic keratosis (AK) is a precancerous skin lesion that develops in
sun-exposed areas of skin, and is the most common premalignant skin
tumor [1]. Given the known risk of progression to squamous cell car-
cinoma (SCC) and the lack of prognostic markers of lesion progression,
treatment of the entire affected skin area is warranted [2]. Field can-
cerization, i.e., the presence of genetic alterations in tissue chronically
exposed to a carcinogen (mainly UV radiation), is an important com-
ponent of the genesis of non-melanoma skin cancer (NMSC) [3]. These

mutations are responsible for the development of subclinical and mul-
tifocal clinical cancer lesions, and are associated with an increased risk
of multiple cancers in the affected area.

AK treatment is selected depending on lesion number and extension.
AK is most often managed using non-invasive treatments, particularly
in cases involving multiple lesions in the context of field cancerization.
Field-directed regimens, such as daylight-photodynamic therapy (DL-
PDT) and ingenol mebutate (IM) treatment, are indicated for multiple
AK lesions on contiguous areas of skin and areas with significant sun
damage. DL-PDT and IM are effective treatments for AK [4], with
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similar clearance rates (72.4% and 73.6%, respectively) after 3 months,
although IM causes more marked local skin reactions (LSRs) [5].

Strategies used to optimize efficacy and improve tolerability include
repeated treatment with DL-PDT or IM, or their combination with other
treatment modalities [6]. In this study, we evaluated the efficacy of
sequential treatment with DL-PDT plus IM versus 2 sessions of DL-PDT
in AK patients.

2. Materials and methods
2.1. Study design and subjects

This observational, multicenter, prospective pilot study included
patients with a clinical diagnosis of AK on the scalp or face [7]. Three
hospitals participated in the study: Hospital San Jorge and Hospital
Barbastro (Huesca, Spain) and Complejo Hospitalario Universitario A
Coruna (A Coruna, Spain). Participants were recruited between Feb-
ruary and June of 2017. All patients eligible for DL-PDT according to
clinical guidelines [7] were invited to participate in the study, applying
the following inclusion criterion: presence on the face or scalp of > 4
actinic keratosis lesions graded I or II according to Olsen et al. [7]. The
following exclusion criteria were applied: pigmented AK; skin cancer in
the treated area; treatment of AK during the preceding 3 months; hy-
persensitivity to IM or methyl-aminolevulinate (MAL). Demographic
characteristics and skin cancer risk factors including patient history of
treatment with immunosuppressive drugs and skin cancer were also
recorded and analyzed.

2.2. Treatment protocol

Daylight PDT consisted of the application of organic sunscreen
(Actinica® lotion, SPF 50+, Galderma, France) to all photoexposed
parts of the body in which lesions were located. After allowing ab-
sorption for 15 min, scales and hyperkeratosis were removed from the
affected skin by gentle rubbing with sandpaper or curettage. Following
the standard procedure [8], MAL cream (160 mg/g; Metvix, Galderma,
France) was applied to the affected skin and left uncovered. Thirty
minutes after MAL application patients were exposed to daylight illu-
mination for 2 continuous hours, between 11:00 and 14:00. Daylight
PDT was conducted in full daylight in cloudy, cloudy-to-sunny, or
sunny conditions. After treatment, patients were instructed to remain
indoors for the rest of the day to avoid further light exposure [9].

Patients who did not show a satisfactory clinical response after 1
month of follow-up underwent another session of DL-PDT or received
IM treatment in accordance with standard clinical guidelines. The latter
consisted of the application by the patient themselves of 150 ug/g IM
gel on the cancerization field of the remaining lesions once daily for 3
consecutive days, in accordance with the official protocol for AK
treatment with IM gel (maximum total surface area, 25 cm?) [10].

2.3. Efficacy endpoints

The primary efficacy endpoint was the complete lesion response
rate 12 weeks after the first DL-PDT session. Lesions that responded
completely were followed up at 6, 9, and 12 months. The clinical re-
sponse of each patient was selected as a secondary endpoint.
2.4. Safety endpoints

The type and number of LSRs directly related to treatment were
monitored, and any adverse events observed during the study were
recorded.

2.5. Additional endpoints

Global patient satisfaction and cosmetic outcome were also
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evaluated. Patient quality of life was assessed using the validated
Actinic Keratosis Quality of Life Questionnaire (AKQoL) [11].

2.6. Statistical analyses

Descriptive statistics were calculated for all variables. Continuous
variables are presented as the number of valid cases (mean, standard
deviation [SD], median, percentiles 25 and 75 [P25-P75], minimum
and maximum). Categorical variables are represented as the frequencies
of each category (absolute and relative to the total number of valid
values [N]). A Student's t-test was used to compare the means of con-
tinuous variables between 2 groups, and associations between quali-
tative variables were assessed using the Chi-squared test or Fisher’s
exact test. Normal distribution of quantitative variables was evaluated
using the Kolmogorov-Smirnov test. In all instances, the level of sig-
nificance was set at p < 0.05.

An intention-to-treat approach was used, with data from the last
observation carried forward in cases of missing follow-up data.

2.7. Ethical considerations

The study protocol was approved by the Galicia Ethical Committee
for Clinical Research (MAS-ING-2015-01) and the relevant competent
authorities. This post-authorization study was registered with the
Spanish Agency of Medicines and Health Products (AEMPS) (number
2016/032). The study was performed in accordance with national drug
laws, Good Clinical Practice guidelines, and the Declaration of Helsinki.

3. Results

In total, 43 patients (39 male, 4 female) were enrolled (mean [SD]
age, 78 [7.84] years), 27 (62.8%) of whom had received no previous
treatment for AK. The mean (SD) number of AK lesions per patient was
9.58 (1.16). A total of 412 AK lesions were analyzed. The distribution of
Olsen grades was as follows: grade I, 37.4% (n = 154); grade II, 55.8%
(n = 230); grade III, 6.8% (n = 28). Lesions were located on the face
(32.6%, n = 14), scalp (44.2%, n = 19), or both (23.3%, n = 10).

Previous immunosuppressive treatment was recorded for 4 (9.3%)
patients. Analysis of phototype revealed a homogeneous distribution:
phototype I-II, 51.2% (n = 22); phototype III-IV, 48.8% (n = 21).
Nineteen patients (44.2%) had a history of previous non-melanoma skin
cancer, of which basal cell carcinoma (BCC) was the most frequent form
(50% of this cohort). Of the 43 enrolled patients, 28 had received
previous treatment, the most common of which was cryotherapy
(46.4%, n = 13), followed by MAL-PDT (14.3%, n = 4).

After the first session of DL-PDT, the mean (SD) number of AK le-
sions was 0.5 (0.89) in the group that responded to treatment, and 4.11
(1.76) in the group assigned a second treatment session.

After 1 year of follow-up, the number of AK lesions was significantly
lower in patients treated with 1 versus 2 sessions of DL-PDT (1.13
[1.09] versus 4.07 [4.12]; p = 0.007).

Comparison of Olsen grades between groups (Table 1) revealed that
91.6% of AK lesions treated with a single session of DL-PDT showed a
complete response at 3 months, as compared with 76.7% of AK lesions
treated with either DL-PDT + IM or 2 sessions of DL-PDT (p < 0.01).
After 1 year of follow-up, these percentages dropped to 87.4% and
65.6% respectively (p < 0.01). Thus, in both groups no increase in
either thickness or Olsen grade was observed for the majority of un-
resolved AK lesions.

After 1 cycle of DL-PDT, 27 (62.8%) patients showed an incomplete
response, and required further treatment: 13 (48.1%) received a second
session of DL-PDT and 14 (51.9%) received IM treatment. After 3
months of follow-up, a complete response was observed for 80%
(n = 116) of lesions in patients who received 2 DL-PDT sessions, and for
73.2% (n = 104) of lesions in patients who received DL-PDT plus IM
(p = 0.0063). After 1 year of follow-up, the lesion response rate was
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Table 1
Summary of the recovery rate according to the Olsen grade of AK lesions in patients that received a single session of DL-PDT (1 x DL-PDT) versus those who received
either 2 sessions of DL-PDT (2 X DL-PDT) or 1 session of DL-PDT followed by IM treatment (DL-PDT + IM).

Variable AK (Olsen grade) Total 2 X DL-PDT or DL-PDT + IM 1 x DL-PDT p-value
First visit Total 412 (100%) 260 (100%) 152 (100%) 0.0420
Grade 1 154 (37.4%) 86 (33.1%) 68 (44.7%)
Grade 2 230 (55.8%) 153 (58.8%) 77 (50.7%)
Grade 3 28 (6.8%) 21 (8.1%) 7 (4.6%)
N missing 58 57 1
2nd visit (1 month) Total 424 (100%) 284 (100%) 140 (100%) < 0.0001
Grade 1 114 (26.9%) 106 (37.3%) 8 (5.7%)
Grade 2 29 (6.8%) 28 (9.9%) 1 (0.7%)
Grade 3 1 (0.2%) 1 (0.4%) 0 (0%)
Recovery 280 (66.0%) 149 (52.5%) 131 (93.6%)
N missing 46 33 13
3rd visit (3 months) Total 430 (100%) 287 (100%) 143 (100%) 0.0004
Grade 1 45 (10.5%) 35 (12.2%) 10 (7%)
Grade 2 32 (7.4%) 31 (10.8%) 1 (0.7%)
Grade 3 2 (0.5%) 1 (0.3%) 1 (0.7%)
Recovery 351 (81.6%) 220 (76.7%) 131 (91.6%)
N missing 40 30 10
4th visit (6 months) Total 428 (100%) 285 (100%) 143 (100%) < 0.0001
Grade 1 64 (15%) 56 (19.6%) 8 (5.6%)
Grade 2 25 (5.8%) 25 (8.8%) 0 (0%)
Grade 3 3 (0.7%) 3 (1.1%) 0 (0%)
Recovery 336 (78.5%) 201 (70.5%) 135 (94.4%)
N missing 42 32 10
5th visit (1 year) Total 399 (100%) 256 (100%) 143 (100%) < 0.0001
Grade 1 54 (13.5%) 42 (16.4%) 12 (8.4%)
Grade 2 48 (12%) 44 (17.2%) 4 (2.8%)
Grade 3 4 (1%) 2 (0.8%) 2 (1.4%)
Recovery 293 (73.4%) 168 (65.6%) 125 (87.4%)
N missing 71 61 10
75.2% (n = 103) in patients who received 2 DL-PDT sessions versus higher response rate was observed for the group that received 2 DL-PDT
54.6% (65) in patients who received DL-PDT plus IM (p = 0.0007). sessions. After 1 year of follow up, grade-I AK lesions (n = 19) pre-
Fig. 1 and Table S1 shows the response rate of AK lesions to treat- dominated in the group that received 2 DL-PDT sessions, while grade-II

ment, stratified according to Olsen grade, at each follow-up visit. A AK lesions predominated in the DL-PDT plus IM group (n = 31).
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Fig. 1. Bar chart illustrating recovery rate according to Olsen grade. The number of AK lesions is indicated above each bar.
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Table 2

Clinical data for enrolled patients and local skin reaction score following 2
sessions of DL-PDT or 1 session of DL-PDT followed by IM treatment (DL-
PDT + IM).

2 x DL-PDT DL-PDT +IM P
13 (100.0%) 14 (100.0%)

Patient’s level of High 10 (76.9%) 8 (61.5%) 0.3954
satisfaction Medium 3 (23.1%) 5 (38.5%)
N Missing 0 1
Cosmetic result Very good 6 (46.2%) 3 (23.1%) 0.3540
Good 6 (46.2%) 7 (53.8%)
Regular 1 (7.7%) 3 (23.1%)
N Missing 0 1
AKQoL Average (SD) 5.31 (4.71) 5.23 (4.73) 0.9672
Median 5 5
(P25; P75) (2;6) (0;8)
Local Skin Reactions
Yes 10 (76.9%) 12 (100%) 0.0761
Erythema No 3 (23.1%)
N missing 0 2
Desquamation Yes 6 (46.2%) 8 (66.7%) 0.3019
No 7 (53.8%) 4 (33.3%)
N missing 0 2
Crust Yes 5 (38.5%) 7 (58.3%) 0.3204
No 8 (61.5%) 5 (41.7%)
N missing 0 2
Edema Yes 1 (7.7%) 5 (41.7%) 0.0469
No 12 (92.3%) 7 (58.3%)
N missing 0 2
Pustules Yes 1 (7.7%) 3 (25%) 0.2383
No 12 (92.3%) 9 (75%)
N missing 0 2
Erosion and Ulceration  Yes 1 (7.7%) 0.3268
No 12 (92.3%) 12 (100%)
N missing 0 2

No differences were observed between the 2 groups after accounting
for age, sex, phototype, and prior immunosuppressive treatment
(p > 0.05).

LSRs were more frequent in the DL-PDT plus IM group than the
group that received 2 DL-PDT sessions (p = 0.07). No differences in
patient satisfaction, cosmetic outcome, or AKQoL were observed be-
tween groups (Table 2).

4. Discussion

In this study, we found that sequential administration of MAL-DL-
PDT and 0.015% IM gel was less effective than 2 sessions of MAL-DL-
PDT in achieving a complete lesion response after 3 months and 1 year
of follow-up, irrespective of Olsen grade. Highlighting the fact that it
takes about three months to obtain maximal effect on AKs and after one
month the thick AKs are transformed into thinner AKs, especially in the
cases treated with two sessions of DL-PDT; data not shown until now in
the literature, despite the limited number of patients.

While previous studies have compared the use of IM and DL-PDT for
the treatment of grade-I and II AK lesions [5,12], the effect of sequential
treatment has not been investigated. An intra-individual comparative
analysis of MAL-DL-PDT versus IM [5] reported similar efficacy after 3
months (DL-PDT, 72.4%; IM 73.6%; p = 0.74). The authors reported a
lower clearance rate for grade II than grade I AK lesions in patients that
received DL-PDT, but no difference in clearance rates between lesion
grades in patients treated with IM. Moreover, fewer local skin reactions
were observed in the DL-PDT than the IM group [5]. In their rando-
mized split-face clinical trial comparing MAL-DL-PDT with IM for the
treatment of AK of the face and scalp, Moggio et al. [12] reported si-
milar efficacy for both grade I and II AK lesions. However, DL-PDT was
associated with lower pain and inflammation scores, a better cosmetic
outcome, and a greater patient preference.

One appealing therapeutic strategy for AK is to combine treatments
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in order to obtain synergistic effects that improve efficacy and reduce
unwanted side effects. Most studies evaluating the potential synergistic
effects of sequential treatment have been performed with conventional
PDT. In AK patients, sequential treatment with MAL-PDT and imi-
quimod appears to produce a significantly better clinical and histologic
response than either MAL-PDT or imiquimod alone [13], and less in-
tense local reactions and better tolerance and satisfaction than imi-
quimod monotherapy. Our results obtained in patients treated with PDT
followed by IM are in good agreement with those of Berman et al. [14],
who evaluated the efficacy and tolerability of conventional ALA-PDT or
IM with or without prior treatment with ALA-PDT in 24 healthy sub-
jects with 4-8 clinically visible AK lesions in a discrete facial area of
25 cm? (follow-up period, 71 days). In the group that received 2 con-
secutive cycles of ALA-PDT (n = 8), the authors observed a trend to-
wards increased efficacy and a significantly lower mean composite LSR
score than the groups that received IM alone (n = 8) or sequentially
after 1 cycle of ALA-PDT (n = 8) (ALA-PDT, 97.5%; IM, 91.7%; ALA-
PDT + IM, 86.7%).

Nissen and coworkers reported that pretreatment with 5% fluor-
ouracil cream for 7 days enhances the efficacy of DL-PDT in patients
with acral AK lesions [6]. They observed a significantly higher overall
lesion response rate in patients treated with 5-FU and daylight-PDT
(62.7%) than those treated with daylight-PDT alone (51.8%)
(p = 0.001). The application of diclofenac plus hyaluronic acid gel 30
days before or after MAL-DL-PDT also reduces the inflammation and
number of DL-PDT sessions required, increasing patient compliance and
consequent quality of life without improving efficacy [15].

To our knowledge, ours is the first study to investigate the efficacy
of the combination of DL-PDT plus IM. As expected, we observed more
severe LSRs and inflammatory reactions in skin areas exposed to IM.
Prior DL-PDT did not significantly reduce LSRs caused by IM, in com-
parison to those reported in IM clinical trials: local edema, 41.7% vs
53.8%; erythema, 100% vs 69.2%; crusting, 58.3% vs 53.8%; scaling,
66.7% vs 61.5% [16].

The absence of a synergistic therapeutic effect of DL-PDT plus IM on
AK lesions may be due to the mechanism of action of IM, which induces
primary necrosis in tumor cells and markedly reduces the percentage of
p53-mutated versus non-p53-mutated cell clones [17,18]. Effective
MAL-PDT has also been associated with reduced p53 expression [19].
For this reason, IM may be less efficacious in AK lesions with fewer p53-
positive cell clones.

Limitations of the present study include the non-blinded evaluation
and the small number of patients. The evaluation of patient satisfaction
would also have been more reliable if an anonymous questionnaire had
been used. Another limitation is the inclusion in our analysis of grade-
III AK lesions. This may have decreased the rate of response per patient.
However, we include these lesions in our analysis in order to better
replicate the type of scenario typically encountered in clinical practice.

To the best of our knowledge, this is the first study to compare the
efficacy of AK treatment with sequential MAL-DL-PDT plus IM versus 2
sessions of MAL-DL-PDT in monotherapy. A key strength of this study is
the 1-year follow-up period.

In conclusion, although both combinations (2 sessions of MAL-DL-
PDT or MAL-DL-PDT + IM) resulted in good lesion clearance rates in
the short term, a good safety profile, and an excellent cosmetic out-
come, response rates after 1 year of follow-up were greater for the
group that received 2 sessions of MAL-DL-PDT.
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