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Abstract: Actinic keratosis (AK) is an early in situ squamous cell carcinoma that results from UV
light exposure and has the potential to evolve into invasive tumor. Therefore, it is crucial that AKs
are monitored and treated appropriately. Photodynamic therapy (PDT) is a treatment option that is
minimally invasive and leaves patients with cosmetically superior results. However, disadvantages
of PDT include pain and lengthy clinic visits. Accordingly, there has been much interest in the use
of daylight photodynamic therapy (daylight-PDT) as a more convenient and less painful alternative
to conventional photodynamic therapy (c-PDT). Current evidence shows that daylight-PDT is
noninferior to c-PDT in the short and long term. Patients reported decreased pain with daylight-
PDT and were more satisfied with the procedure (P<0.001). Current evidence suggests that 2 hrs of
daylight exposure was sufficient for treatment, and its efficacy does not appear to be limited by
weather conditions. Given the decreased intensity of treatment, daylight-PDT is better for mild
disease, as it is less effective in moderate-to-thick AKs. Though further studies are still needed to
refine the technique, daylight-PDT is a potential alternative to c-PDT for thin-to-moderate AKs and
should be offered to patients with lower pain tolerance or busy schedules.
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Introduction

Excessive sunlight exposure can have deleterious effects on one’s skin. Excess UV
exposure has the capacity to induce genetic changes within keratinocytes — these
changes can result in a dysfunctional apoptotic system. Disruptions of pathways that
regulate cell growth and differentiation contribute to local inflammation and immuno-
suppression — resulting in proliferation of abnormal cells and the appearance of actinic
keratoses (AKs)." Since AKs serve as potential precursors for squamous cell carcino-
mas (SCCs), both pathologies share an underlying mechanism — genetic changes
caused by UV light leading to dysregulated cell proliferation. With current estimated
prevalence rates for AK ranging between 11% and 16% in the United States, and
potentially as high as 60% in other locations, early treatment is important to reduce the
risk of invasive SCC.**

When it comes to treatment for AKs, clinicians have a plethora of various
therapy options at their disposal. Common topical treatments include 5-fluorouracil
(5-FU), diclofenac, imiquimod, and ingenol mebutate.” Procedural treatments such
as cryotherapy are effective treatments, although they are not able to treat an entire
field of AKs. In recent years, however, more advanced procedural field therapies
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such as photodynamic therapy (PDT), manual dermabra-
sion, cryopeeling, laser resurfacing, and chemical peels
have been developed.”

PDT is of particular interest to clinicians as it is mini-
mally invasive, does not require repeated applications of
a topical therapy, can be performed in the medical office,
and leaves patients with cosmetically superior results.*
Despite the benefits conferred by PDT, patients frequently
complain of pain associated with the procedure and do not
appreciate the length of clinic visits involved with the
treatment. Accordingly, there has been much interest in
the use of daylight photodynamic therapy (daylight-PDT)
as a more convenient and less painful alternative to con-
ventional photodynamic therapy (c-PDT).

Methods

We searched Embase and PubMed for published clinical
studies assessing the efficacy of daylight-PDT on the treat-
ment of actinic keratoses, using “daylight photodynamic
therapy” and “actinic keratosis” as our keywords. No
limits were placed on the search time frame. The search
included articles published before May 22, 2019. Only
clinical studies in English and those involving human
studies were included. From there, studies unrelated to
the topics covered in this review were excluded. Nine
relevant studies were included in our review.

What is cPDT

PDT takes advantage of our heme synthesis pathway and
causes a buildup of an endogenous photosensitizer — clin-
icians are able to use light to induce ROS(singlet oxygen)
capable of cytotoxic effects. This generation of ROS over-
whelms the cells’ inherent antioxidant defense and results
in intracellular damage of proteins, lipids, and DNA mole-
cules — eventually leading to cell death. With regard to
efficacy, PDT has demonstrated excellent cosmetic results
and is considered an alternative to 5-FU or cryotherapy for
thin-to-moderate thickness AKs, as defined by the Olsen
clinical classification scheme.” This noninvasive treatment
is based on the interaction of three pivotal components —
oxygen, a photosensitizing compound, and light of the
appropriate wavelength.

The typical approach clinicians take with PDT is by
initially photosensitizing the affected area with topical
application of §-5-aminolaevulinic acid (ALA) or its
methyl ester (MAL). ALA is an early intermediate in
the heme biosynthesis pathway and is also a precursor to
the natural photosensitizer protoporphyrin IX (PpIX).

Topical administration of ALA nonselectively penetrates
into the epidermis and is metabolized by the enzymatic
machinery of the heme synthesis pathway, found in almost
all human cells, into the active sensitizer PpIX. Typically,
PpIX generated from ALA is converted into heme via the
enzyme ferrochelatase — a rate-limiting step that occurs on
the inner surface of the inner mitochondrial membrane,
resulting in the insertion of Fe2+ into PpIX. This exogen-
ous application of ALA bypasses the normal negative
feedback mechanism of the heme synthesis pathway and
results in PpIX being produced at a faster rate than ferro-
chelatase can covert PpIX into heme — thus leading to an
accumulation of PpIX.’

Though ALA nonselectively enters cells, PpIX tends to
preferentially accumulate in tumor cells. This can be
attributed to enzymatic activity differences between neo-
plastic and normal cells — most notably, the decreased
activity of ferrochelatase in tumor cells may contribute to
PpIX buildup in the mitochondria.®’

The incubation time for adequate photosensitization of
skin using topical ALA varies based on both the concentra-
tion of the solution being used and the area of application.
Incubation times can vary from 0 to 18 hrs, but has been
highly effective with incubation times of as little as 1 hr.'>"'

According to the American Society of Photodynamic
Therapy Board and British Dermatology group, there are
currently no standardized guidelines as it relates to select-
ing an optimal irradiance, wavelength, and total dose for
¢-PDT.” However, lasers and light sources are chosen
based on its ability to activate the photosensitizer. PpIX
has absorption peaks at multiple regions, including
400410 nm (Soret band) and 630-635 nm (Q band),
which correlates with wavelengths in the blue and red
regions of the visible light spectrum, respectively.'* PpIX
has a maximum absorption band at 408 nm; therefore, blue
light s
Photoactivation of PpIX in the presence of oxygen leads

more effective in activating PpIX.'
to the generation of free radical oxygen singlets that lead
to destruction of the cell.” Ultimately, the most appropriate
light source for c-PDT is determined by which light source
provides the greatest efficacy for the specific condition
being treated. Photons in the blue wavelength range of
400-500 nm are able to penetrate up to 2 mm in the skin
and are thus recommended for superficial lesions. Red
light can penetrate up to 6 mm into the skin and is thus
recommended for the therapy of deeper lesions.'”

c-PDT for AKs is not without its drawbacks. Patients

frequently report pain as the most common side effect. The
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standard procedure for c-PDT calls for occlusive treatment
with a photosensitizer for 1-3 hrs, allowing for enough time
for accumulation of PpIX.'*'*"'® However, FDA approval
for use of photosensitizers in the treatment of AK involves
incubation periods of 3 hrs for MAL, 18 hrs for ALA, and 3
hrs for nanoemulsions for ALA.*'*** The accumulated
PpIX is then rapidly activated by red light, resulting in the
generation of ROS which may be the cause of pain asso-
ciated with c-PDT. This discomfort combined with frequent
and lengthy clinic visits has collectively motivated research-
ers to find more tolerable and convenient uses of PDT.!

Daylight-PDT is an example of such an endeavor.
Daylight-PDT relies on daylight instead of an artificial
light source, allowing for decreased pain and shorter clinic
visits. The diffuse and direct sunlight that strikes the
earth’s surface has a visible light range approximately
between 380 and 780 nm.>* Because all of the absorption
peaks for PpIX are within the visual spectrum of light,
daylight is able to effectively activate the accumulated
PpIX, thus leading to targeted tissue injury and cell
death. The largest absorbance for PpIX is in the Soret
band (410 nm), while the remaining Q bands elicit
a small absorbance peak. Accordingly, 87% of the PpIX
activated from daylight exposure is due to blue light.” Of
note, red light penetrates deeper than blue light, which
may also contribute to efficacy.

Daylight-PDT offers the benefit of convenience and
minimal discomfort due to the use of natural light.
Rather than applying a photosensitizer and then returning
to the clinic after 3 hrs for light treatment, patients are able
to complete their therapy at home. The dramatically
shorter incubation time for the photosensitizer with day-
light-PDT compared to c-PDT (30 mins vs 1-3 hrs, respec-
tively) allows for a smaller and more continuous rate of
production and activation of PpIX. This continuous activa-
tion instead of rapid activation of large amounts of PpIX
with blue or red light may be the reason for the lower pain
intensity associated with daylight-PDT.’

Efficacy of daylight-PDT

In order for daylight-PDT to be considered a reasonable alter-
native to c-PDT, it needs to be equally effective, both in the
short and long term. Here, we discuss the available evidence
for use of daylight-PDT in the treatment of AKs (Table 1).
A recent meta-analysis of 6 randomized controlled trials
comparing daylight-PDT and c-PDT concluded that day-
light-PDT is noninferior to c¢-PDT in the treatment of
grade T and II AKs.?®> Two of the studies included in the

meta-analysis were large, randomized, controlled, investi-
gator-blinded, split-body, multicenter studies in Australia
and Europe of 100 patients with grade I and II AKs.***
Both studies excluded individuals with severe AK and other
skin diseases and required 2 hrs of daylight exposure time,
30 mins following MAL application. The study conducted
in Australia demonstrated a complete lesion response rate
of 89.2% and 92.8% for daylight-PDT and c-PDT, respec-
tively, while the study in Europe resulted in complete lesion
response rates of 70% for daylight-PDT and 74% for
¢-PDT.>** Daylight-PDT demonstrated noninferiority to
c-PDT at 12-week follow-up in both studies.

Long-term efficacy

Furthermore, in the Australian study, both daylight-PDT
and c-PDT maintained lesion clearance for 96% of grade
I lesions at 6 months following treatment, demonstrating
that there was no difference between the two treatments at
long-term follow-up.*’

Length of exposure

One study directly compared the response rate by length of
exposure to daylight. A randomized multicenter study with
120 patients in Denmark, Norway, and Sweden compared
lesion response rates after 1.5-2 hrs and 2.5-3 hrs of exposure
to daylight. Their study included 120 patients, totaling 1,572
grade I AK lesions on the face and scalp. SPF 20 sunscreen
and 16% MAL cream were applied to the treatment area, and
the subjects were exposed to daylight within 30 mins. They
were instructed to end daylight exposure either 2 hrs or 3 hrs
after MAL application, depending on which treatment group
they were randomized to, resulting in at least 1.5 and 2.5 hrs of
daylight exposure. There was no difference in mean light dose
received by both groups (1.5-2 hr group: 8.6 J/cm?® vs
2.5-3 hr group: 10.2 J/cm?) (P=0.23), with some patients
receiving less than 3 J/cm?. There was no difference in the
lesion response rate at 3 months following treatment,
between the two groups. The 1.5-2 hr group showed
a 77.2% mean lesion response rate compared to 74.6% in
the 2.5-3 hr group (P=0.57).

The authors concluded that the lesion response rate was
not correlated with increased exposure duration and that 2
hrs of daylight exposure was sufficient to receive the
minimum light dose (3 J/cm®) needed for treatment of
thin AKs, unless rainy or cold weather conditions are
present. Further studies are needed to quantify the mini-
mum duration of daylight exposure.*®
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In the aforementioned study, the authors used an electronic
dosimeter to measure the effective light dose. Those in the
1.5 hr and 2.5 hr group were exposed to a mean effective
light dose of 8.6 J/em? and 10.2 J/em?, respectively. The
mean lesion response rate of grade I lesions was not
associated with the daylight dose received (P=0.23), and

2 still demonstrated a lesion

those exposed to <3 J/cm
response rate as high as 70%.%¢

This contradicted their earlier findings, which showed
no association between light dose and response rate for
doses >8 J/cm?, but a linear association when comparing
all doses (1.2-69.8J/cm?) (P=0.005).%” They argue that use
of different dosimeters and differences in sample size led
to these contradictory findings. The same group also found
no association between mean red light dose and response
rate in 30 patients with AK (grades I-II1).%®

A higher effective light dose, was, however, associated
with a higher maximum pain score (P=0.03).%° Therefore,
given current evidence that there is no association between
response rate and light dose, a dose of at least 3 J/em? is
recommended to provide a high response rate with mini-
mal pain.

Patient satisfaction

Subjects from both studies reported daylight-PDT was less
painful than ¢-PDT, with average pain scores (rated on
a 10 point scale) between 0.7 and 0.8 for daylight-PDT
compared to 4.4-5.7 for c-PDT (P<0.001). They were also
more satisfied with daylight-PDT compared to ¢c-PDT and

would consider using daylight-PDT again.>*?*

Thin vs thick lesions

Although daylight-PDT may be efficacious, it has its
limitations. In a study of 145 patients, daylight-PDT
was less effective for moderate-to-thick AKs compared
to thin AKs. At 3 months following a single treatment
of daylight-PDT, 73% of grade 1 lesions showed
a complete response, compared to 63% of grade II
lesions and 55% of grade III lesions.?’ However, 23%
of grade II and 39% of grade III lesions were reduced to
a lower lesion grade, demonstrating that it remains
somewhat efficacious in the treatment of thicker AKs.
It is important to note that the clinical thickness of AK
does not relate to histological type so the clinical thick-
ness of an AK is not a reliable predictor of its evolution
toward an SCC.*°

Weather

Weather does not appear to play a role in the efficacy of
daylight-PDT, as similar response rates have been seen in
both sunny and cloudy weather.”*>® However, all authors
are in agreement that daylight-PDT should not be per-
formed in rainy weather.>*2°

Overall, mean response rates of daylight-PDT
(70-89.2%)**2" have been comparable to those of
¢-PDT (75-92.8%'%) and regardless of weather condi-
tions D-PDT may be less painful and demonstrate higher
patient satisfaction than c-PDT.

ALA vs MAL

Though there is limited research done comparing the efficacy
of ALA and MAL in daylight-PDT, two studies have con-
cluded that ALA is similar and potentially more effective than
MAL in daylight-PDT. A randomized observer-blinded study
involving a split-face trial with 13 patients and a collective total
of 177 grade I-1II AKs compared daylight-PDT treatments
using 5-ALA nanoemulsion gel or methyl-5-aminolaevulinic
cream as the photosensitizer.>* Grade I AKs were treated once
and grade II-1II AKs were treated twice with a 0.25-mm layer
of photosensitizer. Overall, nanoemulsion ALA daylight-PDT
cleared 85% of the AKs, whereas MAL daylight-PDT cleared
74% of the total AKs (P=0.099). When the results were broken
down by lesion thickness, ALA was more effective at clearing
grade I AKs than MAL (P=0.027), but they had similar rates of
clearance for thicker grade AKs (P=0.564).>* A more recent
study compared BF-200 ALA (a nanoemulsion gel containing
7.8% 5-ALA) to MAL in the treatment of mild-to-moderate
AK with daylight-PDT. This was a split-body randomized,
observer-blind, clinical trial involving 52 patients from seven
centers in Germany and Spain. Twelve weeks following treat-
ment, complete clearance rates for BF-200 ALA gel and MAL
were similar (79.8423.6% and 76.5+26.5%, respectively,
P<0.0001). The sides treated with BF-200 ALA gel also had
lower 1-year lesion recurrence rates (19.9%) compared with
sides treated with MAL cream (31.6%) (P=0.01).*> Current
evidence suggests that nanoemulsion ALA is similar in effi-
cacy to MAL cream in the treatment of AKs and that ALA may
provide better clearance of thinner AKs and greater efficacy of
clearance at 1 year.

Topical dose

Additionally, in another study involving 30 patients with
thin grade AK on the face or scalp, the response rates after
daylight-PDT wusing either 16% or 8% MAL were

submit your manuscript

432

Dove

Clinical, Cosmetic and Investigational Dermatology 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Nguyen et al

examined. The results showed no difference in response
rates or adverse effects between the two treatment
groups.”” There were no available studies investigating
the effective dose of ALA.

Pretreatments /adjuncts

Pretreatment of the skin prior to treatment with daylight-
PDT is suggested to improve efficacy by increasing pene-
tration of the ALA or MAL.

Pretreatment with 5-FU

A randomized intraindividual study involving 24 patients
with AKs on their hands examined whether pretreatment
with 5-FU enhanced the efficacy of daylight-PDT. The
participants were instructed to apply 5-FU twice daily for
7 days to one of their randomly assigned hands, whereas
the other hand only received daylight-PDT. On day 8,
patients returned to clinic and underwent daylight-PDT
with 16% MAL and 2 hrs of daylight exposure 30 mins
after application of the photosensitizer. At 3 months fol-
low-up, combination therapy with 5% 5-FU cream yielded
higher mean clearance rates than just daylight-PDT alone
(63% vs 52%, respectively) (P=0.001).%°

Pretreatment with calcipotriol

A split-face design study involving 11 participants with
grade I-III AKs were instructed to apply calcipotriol
(shown to have some effects against AK) 1 hr before bed
once daily to half their face or scalp for 15 days prior to
their daylight-PDT session. Using a 16% MAL cream and
2 hr sunlight exposure, the results showed a 85% complete
response rate for treatment with calcipotriol and daylight-
PDT and 70% for daylight-PDT alone. Though the pre-
treatment group did show improved treatment, patients
reported adverse events related to the pretreatment —

including marked erythema and desquamation.*’~®

Pretreatment with ablative fractional laser

or microdermabrasion

A randomized, blinded, clinical trial involving 18 patients with
832 AKs total investigated if pretreatment with ablative frac-
tional laser (AFL-dPDT) or microdermabrasion (MDA-
dPDT) increased the efficacy of daylight-PDT. The results
showed that AFL had higher rates of AK clearance than
MDA (81% and 60%, respectively), consistently across all
grades (P<0.001).*° Another study compared AFL-assisted
daylight photodynamic therapy (AFL-dPDT), with daylight-

PDT, cPDT, and AFL alone (AFL) in organ-transplant recipi-
ents and found significant differences in complete response
rates. At 1 and 3 months following treatment, the authors
found a median complete response of 74% with AFL-dPDT,
which was higher than daylight-PDT (46%) (P=0.026), cPDT
(50%) (P=0.042), and AFL (5%) (P=0-004).*° Altogether, it
appears pretreatment with AFL can augment the effects of
daylight-PDT. Though the clearance rate is similar to those
observed in other studies with daylight-PDT alone (clearance
rates of 70-89%),” the benefit is clear in organ transplant
patients, who tend to have AKs that are more resistant to
treatment. AFL appears to be effective in augmenting d-PDT
in patients with difficult-to-treat AKs.

Treatment guidelines

Groups of experts from Europe and Australia have indepen-
dently published treatment guidelines for the use of daylight-
PDT for AK. Based on current evidence, both groups recom-
mend the use of daylight-PDT for those with thin-to-moderate
(grades I and IT) AK lesions on the face and scalp, which is
similar to current recommendations for c-DPT.*'*?

Prior to application of a photosensitizer, the treatment
site should be clean, and a chemical sunscreen with SPF
30+ should be applied to all sun-exposed areas.*'*
Concomitant use of physical sunscreens containing zinc
oxide, iron oxide, and titanium dioxide may reduce treat-
ment efficacy by preventing penetration of visible light.*!
Pretreatment of the area with microneedling, curettage, or
chemical peels may be done before or after sunscreen
application, but prior to application of the photosensitizer.

A thin layer of photosensitizing cream (1-2 g for the
entire face) is then applied to the treatment area, and day-
light exposure should begin within 30 mins. European and
Australian guidelines recommend the use of MAL, as
there is more available evidence supporting its use in
daylight-PDT for the treatment of AKs. However, some
studies show that ALA — an option more widely available
in the United States — appears similar to MAL, and may
provide better long-term results.**>>*

Patients are instructed to keep the treatment areas
exposed to equal intensities of daylight and to avoid
shaded areas.” Both groups recommend continuous expo-
sure for 2 hrs, as that is often sufficient to receive the
appropriate light dose of >3 J/em?. After the 2 hr period,
the MAL cream should be washed off.

After treatment, patients should be counseled regarding
the diligent use of sunscreen and moisturizer to minimize
adverse events. Both groups recommend reevaluation of
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lesions at 3 months following treatment.*'*> One treat-
ment is often sufficient to treat grade I and II AKs, but
repeat sessions may be necessary.

Side effects

Common side effects of daylight-PDT are generally mild
and include discomfort, erythema, blistering, itching, and
crusting. Phototoxic reactions and pustular eruptions have
been observed with daylight-PDT.*'*>*’ More severe
reactions including infection and scarring are rare with
daylight-PDT.** Ice packs, cooling therapy, and moisturiz-
ing can be used to reduce the severity of adverse events.

Conclusion

The current body of scientific evidence suggests that day-
light-PDT is a safe and effective alternative to c-PDT for
thin-to-moderate AK lesions. Though further studies are
still needed to determine the minimum exposure time
necessary to minimize side effects, clinicians should be
aware that daylight-PDT is a potential treatment option for
patients with low pain tolerance or schedule unavailability.
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