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SIGNIFICANCE
Actinic keratoses are common precancerous skin lesions 
caused by chronic sun exposure, which can evolve into 
squamous cell carcinoma. Treatment of actinic kerato-
ses is non-surgical, and daylight photodynamic therapy 
is an option. This study of 60 patients with actinic kera-
toses investigated whether ablative fractional laser pre-
treatment increases the efficacy of daylight photodynamic 
therapy. At the 6-month follow-up visit, laser pre-treated 
lesions showed significantly higher complete clearance 
rates (50%) compared with daylight photodynamic therapy 
alone (30%). Laser pre-treatment was effective in the tre-
atment of actinic keratoses of all thicknesses (p > 0.1). In 
addition, the treatment was mostly well tolerated (35/37 
patients) and the cosmetic result good (36/39 patients).

Artificial daylight photodynamic therapy is a near-
painless treatment for actinic keratoses, which can 
be performed indoors using a controlled light dose. 
Daylight photodynamic therapy is approved only for 
treatment of grade I–II actinic keratoses. The aim 
of this study was to evaluate whether fractional la-
ser pre-treatment improves the outcomes of daylight 
photo dynamic therapy for actinic keratoses of all gra-
des. In addition, the study compared the outcomes of 
artificial and natural daylight photodynamic therapy. 
This randomized single-blinded split-side comparative 
study included 60 patients with  ≥ 2 actinic keratoses 
of the head. Fractional laser pre-treatment was as-
signed randomly for actinic keratoses on 1 side of the 
head and, subsequently, the entire treatment area 
was treated with artificial or natural daylight photo-
dynamic therapy. Fractional laser-mediated daylight 
photodynamic therapy achieved significantly higher 
complete clearance (50.0% vs 30.3%, p = 0.04), par-
tial clearance (78.6% vs 50.0%, p < 0.01) and lesion-
specific clearance (86.2% vs 70.2%, p < 0.01) than 
daylight photodynamic therapy alone at the 6-month 
follow-up. No significant differences were found in the 
outcomes of artificial vs natural daylight photodyna-
mic therapy or grade I lesions vs grade II–III lesions. 
Thus, fractional laser pre-treatment appears to signi-
ficantly increase the efficacy of artificial and natural 
daylight photodynamic therapy, and to be suitable for 
treatment of actinic keratoses of all grades. 

Key words: actinic keratosis; laser therapy; photochemo-
therapy.
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Photodynamic therapy (PDT) is a first-line treatment 
option for actinic field cancerization (1). The efficacy 

and cosmetic outcomes of PDT are adequate; however, 
conventional PDT (cPDT) can cause extensive pain 
during treatment (1). 

Daylight-PDT (dPDT) has been introduced as a 
near-painless treatment alternative to cPDT. It enables 

treatment of large areas and is as effective as cPDT for 
thin grade I–II actinic keratoses (AKs) (2). However, 
for thicker AKs, the efficacy of dPDT can decrease (3). 
According to European guidelines, natural dPDT (nd-
PDT) can be used to treat grade I–II AKs at temperatures 
above 10°C from March to October in Finland, but not 
during rain (2). In environments with variable and cold 
weather conditions, in particular, an option is artificial 
dPDT (adPDT) performed indoors, although this has not 
yet been extensively studied. There are several benefits 
of adPDT: the pain is as low as in ndPDT (4), it can be 
performed at any time in a controlled and standardized 
environment, and there is no ultraviolet radiation. There 
have been a few studies on adPDT, using various light 
sources (5–8). Only 1 of these studies is a randomized 
controlled trial (RCT), in which adPDT was compared 
split-side with ndPDT on 22 patients, with comparable 
results (p = 0.21) (6). 

Pre-treatment with ablative fractional laser (AFXL) 
facilitates absorption of the photosensitizer (9), and 
enhances the formation of the active substance, proto-
porphyrin IX (PpIX), compared with curettage and 
other pre-treatments (10). AFXL pre-treatment has pro-
ven effective without causing additional pain in cPDT 
(9, 11), and is thus a promising alternative to improve 
the outcome and possibly also extend the use of dPDT 
in the treatment of thicker AKs. To our knowledge, there 
are 5 studies on AFXL-mediated dPDT (AFXL-dPDT) 
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(12–16). Four studies used natural daylight and 1 used 
a multi-light lamp as illumination source. All studies 
included AKs of all grades. There is a need for larger 
scale studies on the subject, as 4 of the studies included 
fewer than 20 patients. 

MATERIALS AND METHODS
This study compared AFXL-dPDT with dPDT alone in a ran-
domized controlled split-head and investigator-blinded study on 
60 patients during the years 2018 to 2022 at the Dermatology 
Outpatient Clinic, Skin and Allergy Hospital, Helsinki University 
Hospital, Helsinki, Finland. All the recruited patient volunteers 
were informed about the study orally and in writing and provided 
written consent. The study was conducted in accordance with the 
Declaration of Helsinki and approved by the Institutional Review 
Board of Helsinki University Hospital (HUS/137/13/03/01/16).

In randomization, the lesions on 1 side of the head were assigned 
to AFXL-dPDT and the other side, treated with dPDT alone, served 
as control. The method of randomization was a simple draw, in 
which patients blindly selected the side for AFXL. Patients with 
extensive field cancerization on the treatment area were assigned 
for AFXL field treatment (n = 9), in which the entire side of the 
treatment area, not only the individual AKs, was pre-treated with 
AFXL. 

A sample size of 60 patients was estimated with power cal-
culations, assuming that 70% of patients would receive complete 
clearance in AFXL-dPDT compared with 35% in dPDT. The re-
cruited patients had  ≥ 2 AKs in total, located on both sides of the 
head (scalp, forehead, temples, or cheeks). They were aged  ≥ 18 
years, with Fitzpatrick skin type I–III and were in follow-up at 
the hospital due to recurrent skin tumours or their precursors, or 
were referred to the clinic due to several AKs on the head. Patients 

with pigmented AKs, in situ-carcinomas, skin cancers, psoriasis or 
eczema on the treatment area were excluded. After exclusions and 
drop-outs, 56 patients were analysed in total. The study flow-chart 
is presented in Fig. 1. Immunosuppressed patients were included 
in the study, 5 patients were on immunosuppressive treatments 
(2 methotrexate, 1 sulfasalazine, 2 chemotherapy); however, 
none of the patients had recieved an organ transplant. A total of 
18 patients underwent ndPDT and 38 patients adPDT, depending 
on the season. At the 6-month in-hospital control appointment, 
a blinded dermatologist (KI, SH, or KM) evaluated the lesion-
specific clearance (LSC) for each lesion. Only persistent lesions 
were documented, not new untreated ones. Further treatment was 
planned for non-cleared lesions. Dyspigmentation after treatment 
was assessed and the patients were asked if they would agree to 
re-treatment with AFXL-dPDT. 

Treatment protocol

Before treatment, the lesions were documented with photographs 
and their location marked on a plastic sheet to enable precise 
follow-up of each lesion (Fig. 2). The thickness of the lesions 
was graded I–III by a dermatology resident (VL) or dermatolo-
gist (MS) (17). Daylight PDT was performed according to cur-
rent guidelines (2). A chemical sun protection factor (SPF) 50 
sunscreen was applied in a thin layer on all bare skin areas 15 min 
prior to ndPDT. The entire treatment area was curettaged, and, 
if necessary, liquid aluminium chloride was used for haemosta-
sis. Then, a thin layer of lidocain anaesthetic spray (Xylocain®, 
Aspen Pharma, Ballerup, Denmark) was applied on the entire 
area, and if requied, additional lidocaine c. adrenalin 10mg/ml + 
10 mikrog/ml injections were applied to areas recieving AFXL 
(n = 2). Lesions/fields assigned to AFXL treatment were treated 
with an ablative fractional CO2 laser (Candela® 19 W (Candela 
Medical®, Marlborough, US), Dot mode, spacing 1,000 µm, stack 
3, scanning dwell time 1800 µs, repeat 0.5 s). Subsequently a 
thin layer of photosensitizer (methyl aminolaevulinate cream, 
Metvix®, Galderma, La Tour-de-Peilz, Switzerland) was applied 
in a thin layer on the treatment area. The patients were asked to 
move outdoors or to the adPDT room (IndoorLux®, Swiss Red 
AG, Murten, Switzerland, wavelength 350–750 nm, 15–25,000 
lux) within 30 min for the 2-h illumination. NdPDT was perfor-
med only in June–August, not in the rain, at temperatures above 

Fig. 1. Flow-chart of the study and patient complete clearance- 
results. AFXL-dPDT: ablative fractional laser-mediated daylight photo-
dynamic therapy; CC: complete clearance; dPDT: daylight photodynamic 
therapy.

Fig. 2. (a) Forty-seven patients had laser treatment of lesions only, followed 
by daylight photodynamic therapy (dPDT) of the entire treatment area; 
and (b) 9 patients had laser treatment of the entire treatment area and 
subsequent dPDT, depending on the degree of field cancerization. One side 
of the treatment area recieved laser-treatment in addition to dPDT, and the 
other side dPDT alone. (a) Forty-seven patients had laser treatment of lesions 
only (lesions marked with number 1-21 in the picture), and (b) 9 patients 
had laser treatment of the entire treatment area (circumscribed with a 
dashed line in the picture), depending on the degree of field cancerization.

http://medicaljournalssweden.se/actadv
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10°C and with at least a 10,000-lux illumination before starting 
ndPDT. Otherwise, the adPDT room was used. 

Outcome measures

Patient complete and partial clearance. The results are presented 
as patient complete clearance (CC), defined as all treated lesions 
of the patient in the corresponding treatment completely cleared, 
and partial clearance (PC) if, correspondingly, 75% of lesions 
were completely cleared at 6 months. 
Lesion-specific clearance. LSC, the proportion of lesions that were 
completely, partially (somewhat cleared but still detectable), or 
not cleared (no signs of treatment response) at 6 months within 
the particular treatment, were additionally reported. 

Secondary outcome measures

Illumination source. CC and PC of adPDT were compared with 
those of ndPDT at 6 months. 
Lesion grade, treatment history. The study assessed if the lesion 
grade (grade I or grade II–III) or treatment history for AKs (no or 
previous treatment) affected the 6-month outcomes. Grades II–III 
were combined in the analyses due to the low number of grade 
III lesions (n = 26). 
Treatment tolerability. Patient-estimated maximal pain during il-
lumination was documented separately in AFXL-dPDT and dPDT 
treatments using a numerical rating scale (NRS) from 0 to 10. To 
further evaluate treatment tolerability, at the 6-month follow-up 37 
patients were asked if they would agree to AFXL-dPDT treatment 
in the future. The first 19 patients were not asked this question, as 
it was added to the study protocol at a later stage. 
Aesthetic outcome. Hypopigmentation or hyperpigmentation 6 
months after treatment was documented for 39 patients (the first 
17 patients were not assessed for this).

Statistical analysis

Cross-tabulation and McNemar’s test were used for CC and PC 
analyses, and cross-tabulation and Pearson’s χ2 for LSC analyses, 
adPDT-ndPDT comparison, and determination of confounding 
factors. The impacts of lesion grade or treatment history were 
determined using logistic regression. For pain calculations Wil-
coxon signed-rank test was used. The analyses were performed 
by a trained statistician, with NCSS statistical software 12.0.17 
(NCSS, Kaysville, UT, USA). Significance was set at p < 0.05.

RESULTS

Main outcomes
Patient complete and partial clearance. AFXL-dPDT 
achieved statistically significantly higher (p = 0.04) CC 
(28/56 patients, 50.0%) compared with dPDT (17/56, 
30.3%). PC was also significantly higher in AFXL-dPDT 
(44/56 patients, 78.6%; p < 0.01) (compared with dPDT 
(28/56, 50.0%). Detailed results are shown in Fig. 3. 
Mean lesion number of the patient in AFXL-dPDT and 
dPDT were comparable (p = 0.31, 4.6 in AFXL-dPDT 
and 4.4 in dPDT).
Lesion-specific clearance. AFXL-dPDT reached sig-
nificantly higher LSC than dPDT (p < 0.01). Of 260 
lesions treated with AFXL-dPDT, 224 cleared com-
pletely (86.2%), compared with 174 of 248 (70.2%) in 
dPDT. Detailed results are shown in Fig. 3. The lesions 
within both treatment groups were comparable regar-
ding the patient’s age (p = 0.17), sex (p = 0.83), skin 
type (p = 0.92), immunosuppression (p = 0.43), number 
of residual lesions (p = 0.86, definition in Table I) or 
treatment area of the patient (p = 0.57).

Secondary outcomes
Illumination source. AdPDT achieved similar efficacy 
as ndPDT. The outcomes (CC and PC) separately for 
AFXL-dPDT and dPDT and their p-values (p > 0.09) 
are shown in Table II. The groups receiving adPDT and 
ndPDT were comparable regarding age (p = 0.06), skin 
type (p = 0.41), previous treatment for AKs (p = 0.64), 
and lesion number (p = 0.26) before treatment.
Lesion grade. Grade I lesions cleared completely with 
a higher odds ratio (OR) of 1.42 compared with grade 
II–III lesions; however, this difference did not reach sig-
nificance (p = 0.14). Significance was also not achieved 
even when assessing AFXL-dPDT (p = 0.84) and dPDT 
separately (p = 0.10) (Table III).

Fig. 3. Ablative fractional laser-mediated daylight photodynamic therapy (AFXL-dPDT) achieved significantly higher a) complete (p = 0.04), 
partial (p < 0.01) and b) lesion-specific (p < 0.01) clearance rates than did photodynamic therapy (dPDT).

http://medicaljournalssweden.se/actadv
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Previous treatment. There was no significant difference 
(p = 0.61) in outcomes for patients with or without pre-
vious treatment for AKs (OR 1.17 if previous treatment), 
indicating a 17% higher treatment efficacy for patients 
with previous treatments. When assessing AFXL-dPDT 
(p = 0.81) and dPDT separately (p = 0.35), the outcomes 
for these groups also did not differ (Table III). 
Treatment tolerability. Mean pain during dPDT illumi-
nation was 1.2 (NRS) in AFXL-dPDT treatment and 
comparable to dPDT (1.1, p = 0.71). Maximal pain during 

AFXL pre-treatment-pulses was a mean of 5.1. Thirty-
five of the 37 patients (95%) stated that they would agree 
to re-perform AFXL-dPDT in the future.
Aesthetic outcome. When assessed for dyspigmentation, 
3 of 39 (7.7%) patients had hypopigmentation in 1 of the 
treatment areas at the control. Of these patients, 1 had 
hypopigmentation from both AFXL-dPDT and dPDT, 
1 only from dPDT treatment, and for 1 patient the side 
with hypopigmentation was not defined.

DISCUSSION

These results confirm the efficacy of AFXL-dPDT in a 
randomized setting with, to our knowledge, the highest 
number of patients published to date. Complete clearance 
at 6 months was achieved for 50% of patients in AFXL-
dPDT, which was significantly higher than for dPDT 
alone (30%). Two previous studies on AFXL-dPDT 
reported CC values; in the first on 46 patients, 72% 
achieved CC in artificial AFXL-dPDT (13), and in the 
other on 12 patients 76% achieved CC in natural AFXL-
dPDT, and 64% in ndPDT alone (15). The CC of the 
current patients was slightly lower compared with these 
studies; however, the current follow-up was longer (6 
vs 3–4 months) (13–16). The patients recruited to the 
current study were mostly severely photodamaged and 
difficult-to-treat; 73% of the current patients had had 
previous field treatments for AKs (Table I) and 9% were 
immunosuppressed. 

Regarding lesion-specific clearance of the current 
study, 86% of lesions in AFXL-dPDT, and 70% of lesions 
in dPDT cleared completely. In a previous study on 18 
patients, the LSC-results were comparable to those of the 
current study; 81% of lesions receiving AFXL-ndPDT 
cleared completely (14). However, they did not present 
clinically relevant patient-specific clearance results.

To our knowledge, only 1 previous RCT on adPDT 
(6) has been published, in which adPDT with an opera-
ting room light-emitting diode (LED) light is compared 
with ndPDT. In the half-side comparative study on 22 

Table II. Outcomes of artificial photodynamic therapy compared 
with natural photodynamic therapy

Complete clearance Partial clearance

AFXL-dPDT dPDT AFXL-dPDT dPDT

adPDT 16/38 (42.1%) 11/38 (29.0%) 29/38 (76.3%) 20/38 (52.6%)
ndPDT 12/18 (66.7%) 6/18 (33.3%) 15/18 (83.3%) 8/18 (44.4%)
p-value 0.09 0.74 0.73 0.57

Both illumination methods reached similar outcomes (p > 0.09). AFXL-dPDT: ablative 
fractional laser-assisted daylight photodynamic therapy; adPDT: artificial daylight 
photodynamic therapy; dPDT: daylight photodynamic therapy; ndPDT: natural 
daylight photodynamic therapy.

Table I. Patient demographics and lesion data 

Patient characteristics

Patients in total, n 56
Age, years, mean 76.6
Sex, n (%)
  Male 48 (86)
  Female 8 (14)
Fitzpatrick skin type, n (%)
  I 7 (13)
  II 28 (50)
  III 21 (38)
Immunosuppression, n (%) 5 (9)
  Organ transplant recipients, n (%) 0 (0)
Treatment history for actinic keratoses, n (%)
  No treatment 8 (14)
  Cryotherapy 43 (77)
  Topical treatment 27 (48)
  Photodynamic therapy 14 (25)
Daylight treatment, n (%)
  Natural 18 (32)
  Artificial 38 (68)
Treatment area, n (%)
  Scalp 25 (45)
  Forehead 15 (27)
  Temples 4 (7)
  Cheeks 12 (21)
Lesion number, mean 9.1
Lesions in AFXL-dPDT 4.6
Lesions in daylight photodynamic therapy 4.4
Patients with field treatment a, n (%) 9 (16)
Lesion characteristics
Lesions in total, n 508
Lesion grade, n (%)
  I 361 (71)
  II 124 (24)
  III 23 (4)
Residual lesionb, n (%) 115 (23)
Treatment group, n (%)
  AFXL-dPDT 260 (51)
  Daylight photodynamic therapy 248 (49)
Daylight source, n (%)
  Natural 144 (28)
  Artificial 364 (72)

aAFXL-field treatment in the ablative fractional laser-assisted daylight photodynamic 
therapy (AFXL-dPDT) study, conventional PDT (cPDT)-field treatment in cPDT 
study. bKnown residual tumour or previous field treatment on the treatment area 
within 1.5 years.

Table III. Impact of lesion grade or previous treatment of actinic 
keratoses (AKs) of the patient on lesion-specific clearance. Grade I 
compared with grade II–III-lesions, and lesions of patients that had or had 
not received previous treatments for AKs, cleared equally good (p > 0.05).

AFXL-dPDT dPDT p-valuec OR 95% CI

Lesion grade
 Grade I 160/185 (86.5%) 129/176 (73.3%) 0.14 1.42 0.89–2.24
 Grade II–III 64/75 (85.3%) 45/72 (62.5%)
 p a 0.84 0.10
Previous treatment
 No 37/44 (84.1%) 30/39 (76.9%) 0.61 1.17 0.64–2.14
 Yes 187/216 (86.6%) 144/209 (68.9%)
 p-valueb 0.81 0.35

ap-value for the impact of lesion grade for AFXL-dPDT or dPDT-treated lesions 
separately. bp-value for the impact of previous treatment for AFXL-dPDT or dPDT-
treated lesions separately. cp-value for the overall impact of lesion grade/previous 
treatment for both treatments.
AFXL-dPDT: ablative fractional laser-assisted daylight photodynamic therapy; 95% 
CI: 95% confidence interval; dPDT: daylight photodynamic therapy; OR: odds ratio.

http://medicaljournalssweden.se/actadv
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patients, the amount of AKs reduced equally on both 
treatments (p = 0.21); by 62% in ndPDT and 68% in 
adPDT at 1 month. In the current study, the outcomes of 
adPDT and ndPDT were also similar (p < 0.09), although 
a trend towards superior CC rates for ndPDT was seen 
in AFXL-dPDT (Table II). Overall, adPDT appears to be 
as effective as ndPDT in the treatment of AKs. 

AFXL creates microscopic channels in the tissue, 
which aids the absorption of photosensitizer and, in 
addition, has direct toxic effects on cells (11). AFXL 
increases treatment efficacy (11) and possibly also the 
treatment response for thicker AKs. In the current study, 
grade I lesions and grade II–III lesions achieved similar 
clearance in AFXL-dPDT (p = 0.84); however, these 
clearance rates were also similar in dPDT (p = 0.10). 
Although statistically insignificant, the proportion of 
completely cleared lesions of grade I (87%) compared 
with grade II–III (85%) were similar in AFXL-dPDT, 
whilst in dPDT a higher proportion of grade I lesions 
cleared completely (73%) compared with grade II–III 
lesions (63%).

To further increase the clinical relevance of the study, 
the outcomes of AFXL-dPDT were additionally compa-
red with cPDT in our previous study branch, in which 
we compared cPDT with pulsed-dye laser-mediated 
PDT in a half-side comparative manner on 59 patients 
with an equal recruitment and inclusion process (18). 
The patient and lesion characteristics of both studies 
were similar regarding the patients’ age, skin type, 
treatment history and lesion grades; however, the mean 
lesion number per patient was significantly higher in 
the current study (p < 0.01). Promisingly, AFXL-dPDT 
achieved similar CC rates (50% vs 45%, p = 0.58) and 
even higher PC rates (79% vs 60%, p = 0.04) than cPDT. 
Also regarding LSC rates, AFXL-dPDT with 86% of 
lesions completely cleared, was superior to cPDT with 
73% of lesions completely cleared (18). A previous 
study on 16 patients also achieved higher efficacy in 
AFXL-ndPDT compared with cPDT. They included 
organ transplant recipients and lesions of the trunk 
and extremities, both of which can be more difficult 
to treat (19). The results of the study were similar to 
those of the current study, with 74% of lesions cleared 
in AFXL-dPDT, 46% in ndPDT, 50% in cPDT, and 5% 
in AFXL alone at 3 months (16). 

In the current study, the patient-reported pain values 
during the dPDT illumination were negligible, 1.2 and 
1.1 in mean in AFXL-dPDT and dPDT, respectively. 
During the short-term AFXL-pre-treatment, mean maxi-
mal pain was 5.1, which is higher than the value (4.1) 
achieved during the illumination in cPDT in our previous 
study branch (18). However, the nature and duration of 
the treatments differ considerably; AFXL causes only 
short-term ( < 1 s pulses) pain on small ( < 1 cm2) areas at 
once, while the pain in cPDT is continuous on the entire 
treatment area during the 7–8-min illumination. Only 2 

patients required local anaesthesia to complete AFXL. Of 
the assessed patients, 95% stated that they would agree 
to AFXL-dPDT in the future. Most previous studies 
on AFXL-dPDT showed similar pain values (14–16). 
Thus, when considering the current and the previous 
study branch’s results, AFXL-dPDT could be the choice 
of treatment instead of cPDT, with similar efficacy, but 
higher tolerance.

Treatment of field cancerization is demanding, and 
studies comparing treatments head-to-head are lacking. 
An advantage of AFXL is that it can be used on large 
areas; the current study used it on areas  > 290 cm2 with-
out notable tolerability issues. In addition, the AFXL-
dPDT-treatment does not require patient compliance 
to the same degree as, for example, topical treatments. 
In AFXL-dPDT the in-office time is short, consisting 
of only the rapid AFXL and subsequent application of 
photosensitizer. The downtime after the single AFXL-
dPDT treatment is shorter, only a few weeks, compared 
with topical treatments that last from weeks up to months 
in addition to the subsequent weeks of downtime (20). 

The disadvantages of AFXL-dPDT are the higher 
costs of the laser device and the photosensitizer cream, 
the higher pain values than in dPDT alone, the higher 
risk of skin reactions (21) and possibly, dyspigmenta-
tion post-treatment. However, the fairly high costs can 
be justified by a high efficacy and the possibility to treat 
large areas of field cancerization. 

Artificial daylight PDT is not yet widely studied, and 
only 1 previous study has combined it with AFXL (13). 
A strength of this study is its intraindividual randomized 
controlled and investigator-blinded design. A limitation 
of the study is no histological verification of lesion diag-
noses due to ethical reasons. Dyspigmentation or consent 
to retreatment were not documented for all study patients. 

In conclusion, AFXL-dPDT appears to be effective 
and well-tolerated in the treatment of actinic field can-
cerization and reached significantly better outcomes than 
dPDT alone in this study. AFXL-dPDT was effective in 
the treatment of AKs of all grades, and compared with 
cPDT of our previous study branch, AFXL-dPDT was 
equally or even more effective. However, more large-
sampled RCTs on the subject are required to certify these 
results. Based on the current results, we suggest that 
AFXL-dPDT is a valuable treatment option, especially 
for patients with multiple thicker or recurrent AKs or 
large areas of field cancerization.
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