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Abstract: This pilot study evaluated the design, usability, and practicality of the dPDT@home kit
for treating actinic keratoses (AKs) on the face and scalp. The kit allowed patients to manage their
treatment at home, reducing hospital visits and utilizing natural sunlight. While patients were very
willing to use the kit again, further studies are required to evaluate outcomes and ascertain the need
for additional improvements and support. Background/Objectives: Daylight photodynamic therapy
(dPDT) is an established effective therapy for superficial mild-to-moderate actinic keratoses (AKs) on
the face and scalp. In this project, we redesigned the delivery of dPDT using design principles and the
concept of Realistic Medicine to create the dPDT@home kit. This user-friendly and environmentally
conscious kit allows patients to manage their AKs at home, reducing the need for hospital visits and
ensuring timely treatment to coincide with appropriate weather conditions and to prevent disease
progression due to delays in diagnosis and treatment. The initial pilot phase of the study was to
evaluate the usability and convenience of the practicalities of the dPDT@home kit. Methods: Patients
were instructed to conduct two dPDT@home kit treatments approximately three weeks apart on
suitable weather days. After a follow-up telephone consultation from the specialist PDT nurse
following the first treatment, patients then completed an initial questionnaire (Questionnaire 1,
Q1) to share their experience. A second questionnaire (Q2) was completed 3–6 months after their
final treatment to assess treatment outcomes. Results: A total of 16 patients with AK on the face
and/or scalp used the dPDT@home kit. Five patients formed an initial pilot group in 2020/21,
whose feedback and involvement informed the final product for the larger group of eleven patients
(2021/22). All patients reported no issues with receiving the kit or the pro-drug used in the treatment
(Q1). Q2 had an 81.25% return rate, with an average willingness score of 8.9/10 to use dPDT@home
again. However, patients expressed doubts about their confidence in the treatment’s efficacy, giving
an average score of 6.9/10, with preferences leaning towards other treatments, such as hospital-based
PDT or cryotherapy. Conclusions: The pilot deployment of the dPDT@home kit identified suitable
patients and highlighted the need for comprehensive training and support for both patients and
clinicians to deliver dPDT through this novel approach. The kit can reduce the number of hospital
visits, but patients still require supervision, which can be provided remotely. The questionnaire
outcomes emphasize the importance of setting patient expectations and taking a holistic approach to
managing chronic field-change AK. Additionally, the kit’s recyclable components and reliance on
natural sunlight promote sustainability and reduce patient travel. Further evaluation is required
to determine cost-efficacy, safety, and the potential place of the dPDT@home kit in the therapeutic
management of patients with this common and challenging condition.

Keywords: PDT; photodynamic therapy; daylight PDT; dPDT@home

1. Introduction

Photodynamic therapy (PDT) is a therapeutic approach that involves the use of a
photosensitizing agent activated by specific wavelengths of light in the presence of oxygen
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to generate reactive oxygen species, leading to localized cell death. PDT has applications in
oncology, dermatology, and infectious diseases due to its selective targeting and minimal
systemic toxicity. The process requires delivery and accumulation of a photosensitizer in
target tissues. Upon exposure to light, the photosensitizer absorbs photons and undergoes
a photochemical reaction, producing cytotoxic reactive oxygen species that induce cell
death and modulate the local immune response. PDT has demonstrated efficacy in treating
superficial non-melanoma skin cancers, actinic keratoses, and various infections. Key stud-
ies include pioneering work by Dougherty and colleagues on PDT for cancer therapy [1],
as well as research highlighting its mechanisms and clinical applications [2,3].

Daylight photodynamic therapy [4,5] (dPDT) is a form of PDT that uses natural
daylight to activate a photosensitizer, which accumulates in skin after application of a
topical pro-drug, primarily for the treatment of actinic keratosis [6]. This method is as
effective as conventional PDT but is less painful and more convenient than conventional
PDT, as it uses ambient daylight rather than an artificial light source [7].

For a guide of efficacy, we have previously shown [8] that, for dPDT, 55% of patients
were reported as having a very good or a good response, whilst 45% had a moderate
response (in this study, both very good and good refer to disease clearance over 75%,
whilst moderate refers to clearance between 50% and 75%). In another recent study [9], our
patients had responses of 30–32% excellent, 37–41% good, 18–26% moderate, and 7–9% no
response (in this study, excellent refers to minimal remaining disease, good refers to more
than 75% disease clearance, moderate refers to clearance between 50% and 75%, and no
response refers less than 50% of disease clearance).

While some patients already self-administer dPDT, the treatment design has yet to be
optimized. As this marks a significant shift in how the therapy is delivered, it is crucial to
explore the most effective ways to integrate this approach into clinical practice.

In 2015, the Chief Medical Officer (CMO) for Scotland published a national report
entitled “Realistic Medicine” (Calderwood C. Chief Medical Officer’s Annual Report
2014–15 gov.scot: Scottish Government; 2016) which challenged medical practitioners to
improve patient care through the development of a more personalized approach, one
in which patients are placed at the center of their care. Although service improvement
has always been a key priority within the photodynamic therapy center, we increasingly
wondered if we had an accurate understanding of our patients’ needs. In 2019, the PDT
center hosted a patient workshop with patients who had previously received PDT treatment.
The double diamond design concept was employed to inform the program which aimed to
gain a better understanding of the needs of patients using PDT, underpinning the objectives
of the concept of realistic medicine. Through collaboration with patients and staff, we
identified three main treatment characteristics which the patients [10] weighted in equal
importance in their PDT treatment. The established characteristics were (1) the importance
of patient convenience, (2) treatment efficacy, and (3) lack of pain associated with treatment.
These insights set the stage for the development of the dPDT@home kit.

We present our solution: the dPDT@home kit. This kit, designed to be user-friendly
and environmentally sustainable, provides the potential to empower patients to self-
manage mild-to-moderate AK at home. By enabling treatment outside hospital settings, an
aspect which patients were shown to be keen on exploring [11], it minimizes the necessity
for hospital visits, ensuring timely intervention to prevent AK lesions from progressing
due to delays in diagnosis and monitoring. Our study focuses on the face and scalp, as
these areas of the body are the licensed indication for daylight PDT (Metvix® (Galderma,
Evergreen House North, Grafton Place, London, NW1 2DX, UK) 160 mg/g cream), and our
experience is that efficacy is not as good on other body sites.

2. Materials and Methods

In this section, we shall outline the development of the dPDT@home kit, followed
by the process of gathering information from the patients who used it. This idea emerged
during the COVID-19 pandemic to minimize, where possible, contact between patients



J. Clin. Med. 2024, 13, 7745 3 of 9

with AK and multiple co-morbidities, with healthcare premises. As such, the project
was registered with NHS Tayside Clinical Governance as quality improvement work and
service evaluation.

2.1. Developing the PDT@home Kit (2020)

The PDT@home kit is a robust carboard box, which contains all materials and in-
formation required for a patient to carry out dPDT at home, without having to come to
the hospital. We followed a patient-led design philosophy and included patient feedback
and focus-group sessions with prototype box designs. The complete patient journey was
storyboarded, ensuring no elements of the treatment were missed in the design of the kit
(Figure 1). The box was then produced and introduced to the clinic.
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Figure 1. Patient-driven storyboarding conceptualizing the PDT @home kit.

Specifically designed to be posted to and from the patient, the box has dimensions of
23 × 18 × 4 cm (length × width × height). Internally, the box is split into compartments,
which facilitate the main steps of use (Figure 2).

The box is filled with all items required to carry out dPDT@home, split between the
steps in which they are used. These include protective gloves, SPF50 Sunscreen, a HOBO
pendant photodiode data logger (which logs their exposure to light over time), cleansing
swabs, applicators, and a prescription for the pro-drug Metvix® (Figure 3).

Additionally, there are step-by-step instructions in the included card (Figure 4) that
remind the patients of the order in which to carry out their treatment, and attached to
the inside of the lid is an envelope for patients to return the HOBO data logger and
treatment documentation.
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Importantly, almost all components of the kit are recyclable, and patients were encour-
aged to recycle as much as they were able to in order to fulfil our desire for a product which
meets our sustainability initiatives.

2.2. Participant Use of the PDT@home Kit

Patients referred by clinicians, mainly dermatologists and plastic surgeons, for dPDT
to treat AKs attended the Photobiology Unit at Ninewells Hospital in Dundee for an initial
clinical assessment. This assessment focused on AKs of the face and scalp, adhering to
licensed indications for dPDT and specified inclusion criteria, followed by a discussion
about the treatment. Regarding inclusion criteria, patients were selected based on having
been referred for PDT and requiring treatment for active AKs. Such patients were to be
considered able and were willing to undertake treatment themselves at home, accepting the
need for them (or their carer) to follow instructions and be involved in their own treatment
process. Treating clinicians independently made deviations from protocol based on the
patient’s suitability for treatment. A joint decision between the patient and the clinical
assessor determined whether the patient would undertake dPDT at home.

There were a small number of patients who we felt would struggle with self-administration
of treatment; e.g., some patients would have struggled to apply the pro-drug on the difficult-
to-reach sites, such as the scalp, due to mobility issues or difficulty viewing this site in a
mirror—in these cases, a relative was trained. If a patient did not have someone at home to
help with treatment, then we carried out conventional daylight PDT. We did have patients
who declined the offer of dPDT@home, preferring to attend for conventional daylight PDT.
Additionally, some patients were not suitable for self-preparation of the identified areas (using
the supplied scrub brush), as their AKs were too severe—these patients attended for conven-
tional PDT. All patients undergoing dPDT@home now attend the department for curettage of
AKs, so we can better prepare the skin prior to them applying Metvix®.

After the initial consultation, participant information sheets were provided, and a
training visit was arranged between the patient and the specialist PDT nurse at the Photo-
biology Unit. During this training visit, all aspects of treatment delivery and requirements
were discussed, and the patient provided written informed consent for the treatment, as
is our usual practice for routine PDT. Patients were trained in how to prepare their skin,
apply sunscreen and the pro-drug, and undertake daylight exposure.

At the first visit, the treatment procedure is explained, including application of Metvix®

and sunscreen. We demonstrate the application of Metvix® using, e.g., an emollient on
the back of the hand so that the patient can visualize how much cream they need to
apply. We also explain the possible side effects, aftercare, completion of the treatment
recording sheet, and use/fitment of the HOBO device. Patients are given an information
leaflet—contact details are reinforced should they need to contact us. If deemed necessary,
the nurse performed surface preparation to loosen and remove scaling or crusting. The
patient was then provided with two dPDT@home kits and a prescription for the pro-drug.
They were instructed to carry out two treatments approximately three weeks apart on
convenient days, with appropriate weather conditions, as advised by the specialist nurse.
A review appointment was scheduled for approximately six weeks after the first visit, and
a follow-up telephone consultation from the specialist PDT nurse was arranged after the
first treatment.

At the review appointment, the treatment response was assessed, and if appropriate, a
plan for further treatment was initiated. This involved providing another two dPDT@home
kits, a prescription for the pro-drug, and instructions to carry out two more treatments
approximately three weeks apart. A follow-up telephone consultation was arranged after
the third treatment. Patients then attended a clinical review approximately 3–6 months
after their final treatment.

Each data-logging light meter was calibrated against a photopic illuminance meter
(VL-3701, Gigahertz Optik GmbH, Türkenfeld, Germany). The calibration light source was
daylight, and the calibration was carried out on multiple occasions throughout the year.
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The model (described by O’Mahoney et al. [12]) was then used to convert the illuminance
measurement into a PDT relevant protoporphyrin-IX (PpIX) weighted dose. This is the
same technique used in our hospital-based daylight PDT service [8].

To ensure the patients are following the protocols with regard to the data-logger,
the patients were asked to fill out a form (which is also used in hospital-based dPDT),
writing down when they started and when they ended treatment. When we then read
the data from the logger, we compared to determine if that timeframe corresponded to
light-exposure data.

3. Results

This quality improvement project ran during the dPDT treatment season through
spring and summer in NHS Tayside, from May 2020 to the end of September 2022. The
design phase with patient input took place in 2020, a pilot group was involved in 2021,
with the final evaluation group in 2022. During this period, 16 patients with diffuse or
multiple AKs on the face and/or scalp undertook dPDT at home, ranging in age from 53 to
84 years. All patients treated the head and neck.

3.1. Pilot Group (Six Patients, 2021)

A pilot group of six patients (five male; one female) with median age 69 (range 53–74)
years participated in 2021. The total number of treatments was 18, with a median of
3 treatments per patient (range 2–4), with a median protoporphyrin IX (PpIX) dose of
16 Jcm−2 (range 11–20 Jcm−2) and treatment time of 2 h 40 min (range 2 h 15 min–3 h).
Four of the six patients had a good (>75% clearance) clinical response, with one moderate
(50–75% clearance) and one poor (<50% clearance) response. The median pain score on a
visual analogue scale of 0–10 was 1.5 (within range of 0–7.7).

Five of the six patients responded to a questionnaire on their experience of the
dPDT@home kit, with questions ranging from the convenience and efficacy of the treat-
ment to the recyclability of the kit, in line with our sustainability initiative. Four of the
five responses said they had a good treatment result from the dPDT@home but “would
have liked a bit better clearance”. One participant felt there was no change in the treatment
area. These results correlate with the clinical assessment of the treatment area. All would
be happy to have dPDT@home again, found the dPDT@home kit easy to use, and were
confident performing their treatment at home. Four of the five respondents recycled all or
some of the kit, but recycling the kit was very important to only two of the five respondents.

3.2. Expanded Group (11 Patients, 2022)

Following the successful pilot in 2021, the dPDT@home project was expanded for
patient use in 2022. Eleven patients participated (nine male; two female), with a median
age of 72 (range 54–84) years. This group included five patients from the 2021 group
receiving repeat treatment, which reflects the chronic nature of AK and the requirement for
continuous disease management. In total, there were 41 treatments in 2022. Three patients
had three treatments, with the rest receiving four treatments. There was a median PpIX
dose of 17 Jcm−2 (range 4–30 Jcm−2), which is similar to the median dose in 2021. However,
13 treatments (32%) had no dose recorded, compared with just 2 (11%) in 2021. The pain
score was similar to 2021, with a median value of 1.3 (range 0–7.0). Nine of the eleven
participants had follow-up appointments 3–6 months after the last treatment, with five
recorded as good clearance (>75% clearance), one as moderate (50–75% clearance), and
three as poor (<50% clearance). The patients with good clearance all had mild-to-moderate
disease, whereas the poor responses were all in patients with moderate-to-severe AK. We
define mild AK as “thin, just palpable”; moderate as “easily palpable”; and severe as “thick,
crusted, hyperkeratotic”.

dPDT@home was rated highly overall (average 8.7 ± 0.90 on a scale from 1 (poor) to
10 (excellent), was rated highly convenient (average 8.8 ± 0.98 on a scale from 1 (not conve-
nient) to 10 (very convenient), and rated was highly on keenness to repeat dPDT@home
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(average 7.8 ± 0.85 on a scale from 0 (not at all) to 10 (extremely keen)). Despite this,
there was not a high level of satisfaction among the patients. Only two patients said they
were fairly satisfied with the treatment, with five saying they were neither satisfied nor
dissatisfied, and one being fairly dissatisfied. There were no responses from the remaining
three patients. As the questionnaires were anonymized, we are unable to determine if the
satisfaction corresponded with the clinical outcome recorded. Eight patients responded
that they might (five) or would (three) prefer other treatments for their sun-damaged skin.
Lower satisfaction ratings could suggest that, at home, daylight PDT may not be the optimal
treatment for those with moderate-to-severe AK, and alternatives such as 5-Fluorouracil or
conventional red-light PDT could be considered instead.

Interestingly, there were two patients who did not feel that the instructions in the
dPDT@home kit were easy to understand or the materials easy to use and were not
confident that they had performed the treatment correctly. This highlights the need for
careful patient selection and active management and support.

4. Discussion

The comparison of dPDT@home patients’ clearance rates and that of those undertaking
hospital-based dPDT may be compared to a small degree only, due to the differing sample
sizes. As detailed above, five out of nine (56%) dPDT@home patients were reported as
having good (>75%) clearance. This compares well with that of our previous study [8],
where the same clearance was seen in 55% of hospital-based dPDT patients. Additionally,
one out of nine (11%) dPDT@home patients were reported as moderate (50–75%) clearance,
compared to 45% of hospital-based dPDT patients of the same study. The three out of nine
(33%) of dPDT@home patients who were reported as poor (<50%) clearance all exhibited
more severe AK, which is not unexpected, considering that our target patients are in the
categories of mild-to-moderate AKs. Severe AKs may not respond as well to dPDT [13], but
they typically benefit from additional preparation to the area, such as curettage. In-hospital,
this is conducted by the healthcare professionals, whereas dPDT@home patients conduct
curettage themselves, which may not be as vigorous.

Overall, the experience undertaking dPDT@home was positive. Patients highly rated
the convenience of the dPDT@home kit, showed a strong willingness to have the treatment
again, and highly rated the kit overall. Treatment response was also good in those with
mild-to-moderate disease. However, it was clear that more severe disease did not clear
as well with dPDT@home. This is as expected with daylight PDT, but the response was
still disappointing compared with our previous experience with hospital-initiated daylight
PDT [8]. One reason may be that hospital-initiated daylight PDT involves curettage of
lesions, which shows increased PpIX accumulation compared to unprepared skin [14].
dPDT@home had less robust skin preparation pre-treatment and therefore potentially less
effective removal of crusting from lesions, less uptake of PpIX, and therefore less effective
outcomes in more severe disease. One option to improve outcomes may be to increase the
drug incubation in more severe disease [15].

In both hospital and home-based dPDT, the healthcare professional is essential. In
at-home dPDT, it was critical to have clear instruction, close telephone support, and follow-
up with patients so that they were clear what was required, and so that they could ask any
questions they may have. Without close support, it is our experience in other projects that
outcomes are poor.

Patient selection is also critical. Time is spent by the healthcare professionals in con-
versation with the patient to decide together whether at-home dPDT is the right treatment
for them (the realistic medicine approach described previously). As AK is a chronic disease,
requiring long-term disease management, many patients have had multiple courses of
dPDT over several years and are therefore more comfortable with self-administration. An
example of another treatment for the same condition is topical application of 5-Fluorouracil
(5-FU) [16]. The advantage of home-based daylight PDT is that it only needs to be under-
taken 1–4 times per year, versus the repeated daily use of 5-FU.
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As a regional secondary care service, we typically treat patients with more severe dis-
ease who have failed multiple other treatments before they reach us, and mild field-change
AK will usually be managed in the community by primary care. dPDT@home treatment
maybe best suited earlier in the patient journey, when disease is milder (i.e., in early-stage
dermatology referral or in primary care). However, it was also clear from our study that
higher patient satisfaction was correlated with higher patient support, and therefore very
careful consideration would be required if testing the treatment closer to the community.
Several issues were identified regarding the processes of patient selection, education, and
follow-up arrangements. Patients would benefit from a dedicated support program.

5. Conclusions

In these feasibility and pilot studies, we utilized the principles of realistic medicine to
work with patients in the development of and preliminary testing with the dPDT@home
kit. The kit was refined as the studies progressed with emerging and important learning
points on the delivery of a home-based treatment such as dPDT. We have demonstrated
the principle of the kit, which was that successful dPDT can be performed at home with
the right tools, clear instruction, careful patient selection, and support from the healthcare
provider. These principles should now be explored in larger patient populations, ideally in
randomized controlled trials.

The results from this pilot deployment of the dPDT@home kit have identified the
types of individuals for whom this treatment is most suitable. However, it also underscores
the necessity for very careful patient selection and comprehensive education, training,
and support for both patients and clinicians to use the kit effectively. In hospital-based
daylight PDT, patients typically attend the hospital for each treatment session, whereas
with the dPDT@home kit, patients only needed to attend every second treatment. This
demonstrates the potential of the dPDT@home kit to reduce the number of hospital visits
required for patients requiring chronic AK disease management. Nevertheless, patients
still require careful supervision and support to ensure optimal outcomes, which can be
provided remotely through telephone contact.

The questionnaires’ results highlight the importance of setting patient expectations
and of adopting a holistic approach to managing this chronic condition. In terms of
sustainability, nearly all components of the dPDT@home kit are recyclable. The reduced
number of hospital visits lowers patient travel, and the treatment’s reliance on natural
daylight encourages the use of outdoor green spaces.

However, whilst patient acceptance of treatment was good, patient satisfaction with
outcomes was less so, especially, we suspect in those with moderate-to-severe disease. This
highlights the need for very careful selection and instructions and oversight in order to
ascertain whether this mode of dPDT delivery may have a place in the management options
for this common chronic and often challenging disease. It is premature to cast this aside,
and it requires further careful evaluation, including objective efficacy and safety outcomes
and health economics evaluation to determine its viability.
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