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The conventional protocol versus a protocol including illumination with a fabric-based biophotonic device (the Phosistos protocol) in photodynamic therapy for actinic keratosis: a randomized, controlled, non-inferiority clinical study

Introduction

Photodynamic therapy (PDT), which is an effective, approved treatment for thin and nonpigmented AK on the face and scalp, is increasingly used to treat field cancerization [START_REF] Szeimies | Clinical, histopathological and immunohistochemical assessment of human skin field cancerization before and after photodynamic therapy[END_REF][START_REF] Braathen | Photodynamic therapy for skin field cancerization: an international consensus. International Society for Photodynamic Therapy in Dermatology[END_REF][START_REF] Morton | European Dermatology Forum Guidelines on topical photodynamic therapy[END_REF] . However, the conventional approved PDT protocol in Europe (C-PDT), involving illumination with 37 J/cm 2 of red light after 3 hours of methyl 5-aminolevulinate (MAL) incubation [START_REF] Morton | Intraindividual, right-left comparison of topical methyl aminolaevulinate-photodynamic therapy and cryotherapy in subjects with actinic keratoses: a multicentre, randomized controlled study[END_REF][START_REF] Pariser | Topical methyl-aminolevulinate photodynamic therapy using red light-emitting diode light for treatment of multiple actinic keratoses: A randomized, double-blind, placebo-controlled study[END_REF][START_REF] Szeimies | Topical methyl aminolevulinate photodynamic therapy using red light-emitting diode light for multiple actinic keratoses: a randomized study[END_REF] , is associated with high pain scores [START_REF] Morton | Intraindividual, right-left comparison of topical methyl aminolaevulinate-photodynamic therapy and cryotherapy in subjects with actinic keratoses: a multicentre, randomized controlled study[END_REF][START_REF] Wiegell | Continuous activation of PpIX by daylight is as effective as and less painful than conventional photodynamic therapy for actinic keratoses; a randomized, controlled, single-blinded study[END_REF][START_REF] Rubel | Daylight photodynamic therapy with methyl aminolevulinate cream as a convenient, similarly effective, nearly painless alternative to conventional photodynamic therapy in actinic keratosis treatment: a randomized controlled trial[END_REF] . Another protocol, consisting of MAL under occlusion for a maximum of 30 minutes followed by a 2-hour exposure to daylight, is also approved in Europe [START_REF] Wiegell | Daylight photodynamic therapy for actinic keratosis: an international consensus: International Society for Photodynamic Therapy in Dermatology[END_REF] . This protocol is as effective as C-PDT [START_REF] Rubel | Daylight photodynamic therapy with methyl aminolevulinate cream as a convenient, similarly effective, nearly painless alternative to conventional photodynamic therapy in actinic keratosis treatment: a randomized controlled trial[END_REF] and is better tolerated by patients [START_REF] Rubel | Daylight photodynamic therapy with methyl aminolevulinate cream as a convenient, similarly effective, nearly painless alternative to conventional photodynamic therapy in actinic keratosis treatment: a randomized controlled trial[END_REF]10,11 . Nonetheless, the 2-hour daylight exposure cannot be performed year-round in all weather conditions [START_REF] Wiegell | Weather conditions and daylight-mediated photodynamic therapy: protoporphyrin IX-weighted daylight doses measured in six geographical locations[END_REF] . Alternative protocols designed to be as effective as C-PDT, nearly painless, and usable irrespective of the weather and the time of the year are therefore emerging 11, [START_REF] Kellner | Simulated-daylight photodynamic therapy with BF-200 aminolaevulinic acid for actinic keratosis: assessment of the efficacy and tolerability in a retrospective study[END_REF][START_REF] Kessels | Laser-mediated Photodynamic Therapy: An Alternative Treatment for Actinic Keratosis?[END_REF][START_REF] Lerche | Alternatives to Outdoor Daylight Illumination for Photodynamic Therapy--Use of Greenhouses and Artificial Light Sources[END_REF][START_REF] Vicentini | Photodynamic therapy for actinic keratosis of the forehead and scalp: a randomized controlled clinical study evaluating the non-inferiority of a new protocol applying irradiation with a light-emitting, fabricbased device (the Flexitheralight protocol) compared to the conventional protocol using the Aktilite CL 128 lamp[END_REF] .

Among these alternative protocols is the Flexitheralight protocol (FLEXI-PDT) that we have recently published [START_REF] Vicentini | Photodynamic therapy for actinic keratosis of the forehead and scalp: a randomized controlled clinical study evaluating the non-inferiority of a new protocol applying irradiation with a light-emitting, fabricbased device (the Flexitheralight protocol) compared to the conventional protocol using the Aktilite CL 128 lamp[END_REF] . Consisting of an illumination with a light-emitting, fabric-based device for 2.5 hours beginning 30 minutes after applying MAL under occlusion, FLEXI-PDT has been shown to be non-inferior in efficacy to C-PDT while being nearly painless.

Following on from this successful result, we propose a new protocol heavily inspired by FLEXI-PDT. Referred to as the Phosistos protocol (P-PDT), this new protocol indeed applies illumination with a fabric-based biophotonic device. P-PDT differs significantly from FLEXI-PDT in the illumination parameters; the irradiance has been reduced from 12.3 mW/cm 2 to 1.3 mW/cm 2 , and the light dose from 37 J/cm 2 to 12 J/cm 2 . Furthermore, the device has been redesigned to be more ergonomic and compact.

The aim of this study was to assess the efficacy and tolerability of P-PDT compared to that of C-PDT in treating patients with AK of the forehead and scalp. The primary hypothesis was that P-PDT was non-inferior to C-PDT in terms of the lesion complete response (CR) rate at three months.

Patients, materials and methods

Study design

This was a randomized, controlled, multicentre, intra-individual, non-inferiority study comparing two protocols for PDT of AK. Two centres took part in the study: the department of dermatology at the Lille University Hospital in France and the Klinikum Vest in Germany.

Ethical considerations

This study was conducted in accordance with the ethical principles of the Declaration of Helsinki and the International Conference on Harmonization Guidelines for Good Clinical Practice.

The study design was reviewed and approved by the French Ethics Committee (CPP), the French National Agency for the Safety of Medicines and Health Products (ANSM), the Federal Institute for Drugs and Medical Devices (BfArM) and the Ethics committee of the University of Münster.

All patients provided written informed consent before entering the study.

Study registration

The study was registered at ANSM on January 4, 2016 (ID-RCB: 2016-A00010-51) and at ClinicalTrials.gov on March 9, 2017 (Identifier: NCT03076892).

Study population

Patients were recruited from the patient population of the two aforementioned centres from September 2016 to March 2017.

Patients over 18 years of age diagnosed with 10 to 14 non-pigmented, non-hyperkeratotic, grade I or II (according to the classification of Olsen et al. [START_REF] Olsen | A double-blind, vehicle-controlled study evaluating masoprocol cream in the treatment of actinic keratoses on the head and neck[END_REF] ), AK lesions on the forehead and scalp were enrolled in the study. These patients were required to have two treatment areas with a similar number and grade of AK lesions.

The main exclusion criteria consisted of any previous treatment of AK on the face or scalp within the last 30 days; porphyria; pregnancy; immunosuppression; use of topical corticosteroids within the last 2 weeks; contra-indication to PDT and participation in a clinical trial within the last 30 days.

The Phosistos protocol (P-PDT) Developed within the Phosistos project funded by the European Commission (Project identifier: CIP-ICT-PSP-2013-7-621103) (http://www.phosistos.com/), P-PDT involves the application of MAL cream under a transparent occlusive dressing for 30 minutes followed by 2.5 hours of illumination with a fabric-based biophotonic device. The illumination is performed without removing the dressing. As illustrated in Figure 1, the device consists of a power control unit distributing 635 nm red light to a light-emitting fabric that lines the inside of a cap. Constructed from bent optical fibres, this fabric is biocompatible, flexible and provides homogeneous illumination at low irradiance (1.3 mW/cm 2 ) without heat generation [START_REF] Mordon | Light emitting fabric technologies for photodynamic therapy[END_REF] . Furthermore, an ergonomic helmet holds the cap in place during the treatment. The device, classified as an exempt risk group according to IEC 60601-2-57/2012, is configured to automatically start illumination 30 minutes after it is turned on and to stop 2.5 hours later such that a total dose of approximately 12 J/cm 2 is delivered. Due to the transparent occlusive dressing, the device is kept completely isolated from the patient's skin and therefore is reusable. 

Treatment

The treatment regimen included one mandatory PDT session and a second PDT session, identical to the first, in the case of at least one remaining AK lesion among the included lesions at three months after the first PDT session. Follow-up visits were scheduled at 7 days, 3 months and 6 months after the first PDT session. If required, the second PDT session was performed within three weeks following the 3-month follow-up visit.

At the screening visit, the patient's information was recorded, and a physical examination was performed.

On the day of treatment, AK lesions were counted, graded and divided into two areas with a similar number and grade of lesions. For accurate AK localization and follow-up, AK lesions were traced on a transparent sheet. Randomization was performed. Both the areas were then prepared by removing crusts and gently scraping the lesion surface. Approximately 1 to 2 g of MAL cream (Metvixia, Galderma, France) was applied under a transparent occlusive dressing (Tegaderm, 3M, London Ontario, Canada) in a 1-mm-thick layer to the lesions and surrounding normal skin (5-10 mm margin) in each area. In the area randomized to receive C-PDT, aluminium foil was placed over the transparent occlusive dressing. The cap for P-PDT was then immediately set up and fixed by the helmet, and the power control unit was switched on so that the illumination required for P-PDT started thirty minutes later. After two and a half hours, P-PDT was completed. The cap, helmet, and all dressings were removed, and the MAL cream was washed off with saline solution. The area that received P-PDT was then protected with aluminium foil, while an Aktilite CL 128 lamp (Galderma SA, Lausanne, Switzerland) was placed 5 to 8 cm from the area that was randomized to receive C-PDT and programmed to deliver 37 J/cm 2 in seven to 10 minutes.

Randomization

The randomization sequence, stratified by centre, was generated by an independent statistician using the PROC PLAN procedure of SAS (SAS Institute Inc., Cary, North Carolina, USA). The allocation ratio was 1:1, and the block size was four. The allocation was concealed in sequentially numbered, opaque, sealed envelopes.

Endpoints

The primary endpoint was the lesion CR rate at three months.

The secondary endpoints included pain scores at the end of illumination, incidence of adverse effects at 7 days, lesion CR rate at 6 months, cosmetic outcome at 3 and 6 months and patient satisfaction throughout the study.

The lesion CR ("CR", "incomplete response") and skin appearance ("excellent", "good", "fair", or "poor"), from which the cosmetic outcome was derived, were clinically assessed by the investigator. The cosmetic outcome was defined as the change in skin appearance and ranged from -3 to +3 (e.g., +3 indicated an improvement from "poor" at the screening visit to "excellent" at the current visit).

Pain was assessed using a visual analogue scale ranging from 0 (no pain) to 10 (worst pain). Patient satisfaction was assessed with a standard questionnaire.

Data analysis

The study was designed to have a statistical power of 80% to demonstrate non-inferiority in the primary endpoint of P-PDT compared to C-PDT with a one-sided alpha level of 5%. A splitcluster design was adopted. The sample size was calculated assuming a design effect to account for the correlation between lesions within the same patient (intra-cluster correlation (ICC): 0.011) as well as the correlation between lesions within the same area (inter-period correlation (IPC): 0.0022). Assuming a primary endpoint of 75% in both areas, an absolute non-inferiority margin of -10% and a mean lesion number per patient per area of six (which, associated with the above-set ICC and IPC, yielded a design effect of 1.0528), 245 lesions per area were required. Considering a possible sample loss of 10%, this number was increased to 270 lesions per area (i.e., 45 patients).

Continuous variables are expressed as the means and standard deviations (SD), and categorical variables are expressed as frequencies and percentages. The normality of the distribution was assessed graphically and using the Shapiro-Wilk test.

Non-inferiority of P-PDT compared to C-PDT was assessed by estimating a one-sided 95% confidence interval (CI) of the absolute difference in lesion CR rates at three months between the two protocols. This estimation was performed using a generalized estimating equation (GEE) model with a binomial distribution and identity link function to account for repeated observations within patients. The treatment area was included as a covariate. If the lower limit of the one-sided 95% CI was higher than the pre-stated absolute margin of noninferiority (i.e., -10%), P-PDT would be declared non-inferior to C-PDT, and a two-sided superiority test would be performed at an alpha level of 5%. A GEE model with a binomial distribution and log link function was also used to estimate the two-sided 95% CI of the relative risk of lesion CR. Furthermore, a subgroup analysis according to the severity of AK lesions (grade I vs. grade II) was performed and heterogeneity test was conducted.

The lesion CR data at six months were subject to the same statistical analysis as the lesion CR data at three months.

The differences in pain scores reported at the end of illumination between P-PDT and C-PDT were assessed using a linear mixed model with patients as random effects (the significance level was set at a two-sided alpha level of 0.05).

Finally, the cosmetic outcomes at 3 and 6 months of follow-up were compared between C-PDT and P-PDT using the Wilcoxon signed-rank test.

All statistical analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Results

Population study

Forty-seven patients were included in the study. One patient withdrew consent and did not receive treatment. Forty-six patients with a total of 560 AK lesions were treated in a split-face manner with C-PDT (280 AK lesions) and P-PDT (280 AK lesions) and were evaluated at 3 months of follow-up. Due to at least one remaining AK lesion, 19 patients were required to undergo a second PDT session. Of these, one patient dropped out for fear of pain as intense as that experienced with C-PDT during the first PDT session. As a result, 18 patients (for a total of 104 remaining AK lesions of the 220 initial AK lesions at the first treatment session) were retreated. Forty-five patients completed the study at 6 months. The study flow diagram is shown in Figure 2.

Baseline characteristics are presented in Table 1. All patients were men aged 49-89 years (mean age 72.2 years). Most patients had a Fitzpatrick skin type of II (63.0%). Of the 285 AK lesions, 45.6% and 44.9% were grade I and 54.4% and 55.1% were grade II, for those randomized to receive C-PDT and for those randomized to receive P-PDT, respectively. 

Efficacy Primary endpoint

The primary endpoint achieved by P-PDT was non-inferior to that obtained with C-PDT (79.3% vs. 80.7%, respectively; absolute difference, -1.6%; one-sided 95% CI, -4.5% to infinity), as evidenced by the lower limit of the one-sided 95% CI, which was much greater than the prestated absolute margin of non-inferiority (-10%) (Figure 3). The superiority of P-PDT over C-PDT in terms of the primary endpoint was, however, not demonstrated, with a relative risk of 0.98 (two-sided 95% CI, 0.94 to 1.02, p=0.32).

When the analysis was stratified according to the severity of AK lesions, the non-inferiority of P-PDT vs. C-PDT was established for grade I AK lesions and for grade II AK lesions without evidence of heterogeneity in treatment effect size across the two grade groups (See Table S1 in the Online Supporting Information for full details).

Lesion CR rate at six months Six months following the first treatment session (after one PDT session for 27 patients and two PDT sessions for 18 patients), the one-sided 95% CI for the absolute difference in the lesion CR rate between P-PDT and C-PDT was -2.7% to infinity, demonstrating the noninferiority of P-PDT vs. C-PDT, as shown in Figure 3. Nevertheless, P-PDT was not demonstrated to be superior to C-PDT (relative risk, 0.99; two-sided 95% CI, 0.97 to 1.02, p=0.66).

At 6 months, the non-inferiority of P-PDT vs. C-PDT for grade I AK lesions and the noninferiority of P-PDT vs. C-PDT for grade II AK lesions both remained and no evidence of heterogeneity in treatment effect size across the two grade groups emerged (See Table S1 in the Online Supporting Information for full details).

Figure 3: Non-inferiority evaluation of P-PDT vs. C-PDT for lesion complete response rate. Between-protocol absolute differences and their associated one-sided 95% CI were estimated from a GEE model accounting for repeated measures from individual patients and including treatment area as a covariate. Error bars indicate a one-sided 95% CI. The blue dashed line indicates the absolute non-inferiority margin, and the blue tinted region indicates the zone of inferiority.

Tolerability Pain With all pain scores ranging from 0 to 2.7, P-PDT was almost painless. Regarding the first PDT session, the pain at the end of illumination was significantly lower for P-PDT than for C-PDT (0.3±0.6 vs. 7.4±2.3, p<0.0001). The same advantage was also observed for the second PDT session (Figure 4) (0.2±0.4 for P-PDT vs. 7.7±1.8 for C-PDT, p<0.0001).

One patient experienced such severe pain with C-PDT during the first PDT session that he dropped out of the study when a second PDT session was required. 

Adverse effects

As shown in Table 2, the number of patients reporting adverse effects at 7 days was lower for P-PDT than for C-PDT (34 vs. 40) and each adverse effect, particularly skin haemorrhage, was more likely to be reported for C-PDT than for P-PDT. No serious adverse effects occurred. Skin exfoliation was observed in a vast majority of patients and was the most common adverse effect for both P-PDT and C-PDT. Scab, skin haemorrhage and pruritus were also frequently experienced with the two protocols. 

Cosmetic outcome

According to Figure 5, the cosmetic outcome achieved with P-PDT and that obtained with C-PDT showed identical medians and distributions of data at three months (median: 1; interquartile: 1) and at 6 months (median: 1; interquartile: 2). From Figure 5, an improvement of the skin appearance was observed throughout the study. 

Patient satisfaction

As expected given the above-reported pain scores, C-PDT was mostly rated as very unpleasant by patients (71.7%), whereas P-PDT was perceived as either not (41.3%) or slightly unpleasant (47.8%). Probably due to pain experienced during illumination, more than 80% of patients were dissatisfied or very dissatisfied with C-PDT, compared to less than 7% with P-PDT. As a result, 93.5% of patients preferred P-PDT to C-PDT, while the remaining 6.5% expressed no preference. Regarding the illumination time, the 2.5 hours required for P-PDT were mainly described as slightly unpleasant (67.4% of patients), while the seven to 10 minutes required for C-CPT was described as very unpleasant (60.9% of patients).

Discussion

The present study demonstrates that P-PDT could be an effective, nearly painless, convenient alternative to C-PDT for treating AK of the forehead and scalp. The primary endpoint analysis showed that P-PDT was significantly non-inferior to C-PDT; the lesion CR rate at three months was 80.7% in the C-PDT area vs. 79.3% in the P-PDT area. Moreover, P-PDT showed better tolerability in terms of pain and adverse effects and a higher patient adherence than C-PDT. With a mean pain score less than 0.3, P-PDT was preferred by 93.5% of patients to C-PDT, as the mean pain score of the latter was higher than 7. P-PDT is a revised version of FLEXI-PDT, which we have recently shown to be non-inferior to C-PDT for the lesion CR rate and superior for pain [START_REF] Vicentini | Photodynamic therapy for actinic keratosis of the forehead and scalp: a randomized controlled clinical study evaluating the non-inferiority of a new protocol applying irradiation with a light-emitting, fabricbased device (the Flexitheralight protocol) compared to the conventional protocol using the Aktilite CL 128 lamp[END_REF] . FLEXI-PDT, which consists of MAL under occlusion for 30 minutes followed by 2.5 hours of fractionated illumination with a lightemitting, fabric-based device emitting 635 nm red light at 12.3 mW/cm 2 irradiance, involves a 37 J/cm 2 light dose, similar to C-PDT. Based on a study that reported successful PDT treatment of AK with red traffic lamps and a light dose of 3.5 J/cm 2 19 , we have reduced the light dose from 37 J/cm 2 for FLEXI-PDT to 12 J/cm 2 for P-PDT. We also reduced the irradiance (from 12.3 mW/cm 2 to 1.3 mW/cm 2 ) and preferred continuous illumination to fractionated illumination. The reduction in irradiance was motivated by several studies that have demonstrated similar PDT efficacy between variable irradiances [START_REF] Langmack | Topical photodynamic therapy at low fluence rates--theory and practice[END_REF][START_REF] Apalla | The impact of different fluence rates on pain and clinical outcome in patients with actinic keratoses treated with photodynamic therapy[END_REF] .

The homogeneous low irradiance of P-PDT and, perhaps more specifically, the short delay of 30 minutes between MAL application and illumination initiation allowed P-PDT to be significantly superior to C-PDT regarding pain. With 40 of 46 patients reporting a pain score lower than 1, P-PDT was nearly painless, whereas pain during illumination remained the major drawback of C-PDT (24 of 46 patients reported a pain score higher than 8). Unlike C-PDT [START_REF] Jetter | Field Cancerization Therapies for Management of Actinic Keratosis: A Narrative Review[END_REF][START_REF] Serra-Guillen | Comparative study between cold air analgesia and supraorbital and supratrochlear nerve block for the management of pain during photodynamic therapy for actinic keratoses of the frontotemporal zone[END_REF][START_REF] Halldin | Nerve blocks enable adequate pain relief during topical photodynamic therapy of field cancerization on the forehead and scalp[END_REF][START_REF] Stangeland | Cold air analgesia as pain reduction during photodynamic therapy of actinic keratoses[END_REF] , P-PDT allows treatment to be conducted without the use of strategies to manage pain. These strategies are already not required for protocols involving illumination with daylight [START_REF] Wiegell | Continuous activation of PpIX by daylight is as effective as and less painful than conventional photodynamic therapy for actinic keratoses; a randomized, controlled, single-blinded study[END_REF][START_REF] Rubel | Daylight photodynamic therapy with methyl aminolevulinate cream as a convenient, similarly effective, nearly painless alternative to conventional photodynamic therapy in actinic keratosis treatment: a randomized controlled trial[END_REF][START_REF] Wiegell | Daylight photodynamic therapy for actinic keratosis: an international consensus: International Society for Photodynamic Therapy in Dermatology[END_REF][START_REF] Wiegell | Daylight-mediated photodynamic therapy of moderate to thick actinic keratoses of the face and scalp: a randomized multicentre study[END_REF][START_REF] Wiegell | A randomized, multicentre study of directed daylight exposure times of 1(1/2) vs. 2(1/2) h in daylight-mediated photodynamic therapy with methyl aminolaevulinate in patients with multiple thin actinic keratoses of the face and scalp[END_REF][START_REF] Wiegell | Photodynamic therapy of actinic keratoses with 8% and 16% methyl aminolaevulinate and home-based daylight exposure: a double-blinded randomized clinical trial[END_REF] . However, compared to those protocols, P-PDT is also neither time of year-nor locationdependent. Indeed, the MAL manufacturers recommend using the daylight protocols only if the temperature and weather conditions are suitable to stay comfortably outdoors for two hours. Moreover, the daylight illumination requirements for an effective treatment have been demonstrated to be achieved only until mid-September in Iceland and Norway, until mid-November in Italia, and until the end of October in Denmark and Germany [START_REF] Wiegell | Weather conditions and daylight-mediated photodynamic therapy: protoporphyrin IX-weighted daylight doses measured in six geographical locations[END_REF] . By contrast, P-PDT can be conducted year-round in all weather conditions and geographic locations. Moreover, P-PDT consistently delivers the same light dose.

The optimal conformability of the flexible light-emitting fabric used in P-PDT to the treatment area allows homogeneous illumination and an equal light dose of 12 J/cm 2 to be delivered anywhere in the treatment area. In contrast, heterogeneities in irradiance and light dose with the Aktilite CL 128 lamp used in C-PDT have been demonstrated in several studies [START_REF] Moseley | Light distribution and calibration of commercial PDT LED arrays[END_REF][START_REF] Vicentini | Photodynamic therapy of actinic keratosis with the Aktilite CL128: irradiance distribution and impact of light dose on the treatment efficacy[END_REF] . Vicentini et al. thus reported an irradiance ranging from 0.25 to 60 mW/cm 2 and a light dose ranging from 0.15 to 36 J/cm 2 when treating patients with AK of the forehead and scalp [START_REF] Vicentini | Photodynamic therapy of actinic keratosis with the Aktilite CL128: irradiance distribution and impact of light dose on the treatment efficacy[END_REF][START_REF] Vicentini | Photodynamic therapy for actinic keratosis of the forehead and scalp with the Aktilite CL 128: is there a cut-off value for PpIX-weighted irradiance for effective treatment?[END_REF] .

Similar results than those achieved with P-PDT, both in terms of efficacy and tolerability, could be obtained with low-irradiance illumination beginning 30 minutes after applying MAL provided that a homogeneous illumination over the treatment area is achieved. Unfortunately, this is not the case for most LED panels and in particular for the Aktilite CL 128 lamp as above discussed.

Our study has several limitations. The major limitation is that the study was unblinded, since the investigator, who assessed the lesion CR, and the patients were aware of which protocol was used. This limitation can lead to biased estimates of protocol performances. Further trials with blinded investigator assessment of photographs should be performed.

Due to its compact device and convenient use, P-PDT could be further considered for ambulatory use at home. Patients may leave the dermatological practice after MAL application and device installation by health professionals and receive their treatment while performing their daily tasks. This freedom would provide an additional advantage to P-PDT over C-PDT, which is time-consuming for both health professionals and patients and requires quite cumbersome equipment usually available only in hospitals. P-PDT could therefore become the treatment of choice for AK.

Figure 1 :

 1 Figure 1: The fabric-based biophotonic device used for P-PDT: red light is emitted by an optical fibre-based fabric that lines the inside of a cap, which is held in place by an ergonomic helmet.

Figure 2 :

 2 Figure 2: Study flow diagram

Figure 4 :

 4 Figure 4: Box plot of pain scores. The black crosses correspond to the mean pain scores, and the central horizontal bars represent the median pain scores. The lower and upper limits of the boxes indicate the first and third quartiles, respectively. Points above or below the upper and lower bounds of the whiskers can be considered outliers. The ends of the whiskers represent the minimum and maximum pain scores when excluding outliers.

Figure 5 :

 5 Figure 5: Box plot of cosmetic outcomes. The black crosses correspond to the mean cosmetic outcomes, and the central horizontal bars represent the median cosmetic outcomes. The lower and upper limits of the boxes indicate the first and third quartiles, respectively. Points above or below the upper and lower bounds of the whiskers can be considered outliers. The ends of the whiskers represent the minimum and maximum cosmetic outcomes when excluding outliers.
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