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ABSTRACT

Methyl aminolevulinate (MAL) is a topical
compound approved for use with photody-
namic therapy (PDT) for the treatment of acti-
nic keratosis (AK) and field cancerization in
certain countries. There exists a high burden of
disease for patients with AK: repeated treat-
ments are required, there is a known risk of
progression to keratinocyte carcinoma, and
cosmetic appearance is affected. Delivery of PDT
using MAL is a flexible treatment strategy
available in many forms; red light, daylight, or

artificial daylight can be used for illumination,
all of which result in high AK clearance rates
and low recurrence. MAL-PDT protocols con-
tinue to evolve to further improve adherence
and treatment outcomes. Here, we used
PubMed to search MEDLINE to identify guide-
lines, consensus recommendations, and studies
describing the use of MAL for the treatment of
AK. The aim of this targeted review is to con-
sider various MAL-PDT treatment strategies on
the basis of published literature, with a focus on
personalizing treatment for the heterogeneous
AK population.
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Key Summary Points

Actinic keratosis (AK) has a negative
impact on patients’ physical and
psychological quality of life due to disease
chronicity, fear of progression to
keratinocyte carcinoma, and effect on
cosmetic appearance.

Methyl aminolevulinate (MAL), used as a
topical precursor in conjunction with
photodynamic therapy (PDT), is an
approved and recommended treatment
option for patients with AK in certain
countries.

As a field-directed therapy, MAL-PDT has
demonstrated high efficacy in
clearing AK lesions with low recurrence
rates, is generally well tolerated,
and provides favorable cosmetic
outcomes.

MAL-PDT is a safe and effective treatment
option for both immunocompetent
patients and those who
are immunosuppressed, such as organ
transplant recipients, with or without
additional pre-treatments.

MAL is efficacious when used in
conjunction with any of the available
PDT modalities (conventional, daylight,
or artificial daylight).

AK is a chronic disease requiring repeated
treatment sessions; MAL-PDT provides
flexible treatment strategies to suit the
needs of the patient, potentially
optimizing treatment adherence.

INTRODUCTION

Actinic keratosis (AK) is a common skin condi-
tion caused by chronic exposure to ultravio-
let (UV) radiation and appearing clinically as
scaly erythematous lesions [1, 2]. The presence
of multiple actinic keratoses (AKs) surrounded
by an area of photodamaged skin is referred to
as a ‘‘field of cancerization’’ [1, 3].

The prevalence of AK varies widely between
countries [4]. It is estimated to affect 6% of
women and 15% of men aged over 40 years in
England, increasing to 18% and 34%, respec-
tively, for those aged over 70 years [4, 5]. In
Australia, AK is estimated to affect 11–40% of
white people aged over 40 years [1], and in the
Netherlands 28% of women and 49% of men
aged over 45 years [5].

There is a known risk of AK progression to
keratinocyte carcinoma (KC) [1, 3]. KCs are the
most common tumors in the Western world
and are categorized as basal cell carcinomas
(80%) or cutaneous squamous cell carcinomas
(cSCC; 20%) [6]; progression of AK is usually to
cSCC [1, 3]. Although most cSCCs are success-
fully treated by surgery and radiation therapy,
up to 7% of cases may metastasize, making
treatment more challenging [6].

With no way of knowing which AK lesions
will progress, treatment of all AKs is recom-
mended [1–3]. Clinical studies estimate that up
to 16% of AK lesions may progress to invasive
SCC per year, with an increasing transformation
risk associated with a greater number of existing
AK lesions [4]. The burden of disease for patients
is underestimated: risk of AK progression to KC,
effect on cosmetic appearance, and chronicity
of disease requiring repeated treatments all
negatively affect patients’ physical and psy-
chological quality of life and impact their con-
fidence and well-being [5, 7–9].

Several lesion-directed or field-directed ther-
apies are available for the treatment of AK
including cryosurgery, laser treatment, topical
drugs, and photodynamic therapy (PDT)
[1, 3, 10]. The expert consensus-based recom-
mendation is that treatment of AKs should be
based on a multitude of factors, including clin-
ical presentation, risk factors (e.g.,
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immunosuppression, number of lesions, cumu-
lative UV exposure), comorbidities, life expec-
tancy, and the patient’s preference [3].

Photodynamic therapy (PDT) is a widely
approved treatment for AK and field canceriza-
tion and uses visible light to react with topical
precursors of the heme biosynthetic pathway,
namely methyl aminolevulinate (MAL) and
5-aminolevulinic acid (ALA) [2, 10]. These pre-
cursors are preferentially taken up by atypical
epidermal keratinocytes to enhance the forma-
tion and accumulation of protoporphyrin IX
(PpIX) within the target cells to produce reac-
tive oxygen species upon photoactivation,
causing apoptosis of precancerous cells
[2, 3, 10, 11]. Conventional PDT (cPDT) adopts
the use of an artificial, red light-emitting diode
(LED) light source to activate the 630/635 nm
PpIX absorption peaks to improve tissue pene-
tration, whereas daylight PDT (dlPDT) utilizes
natural daylight, and artificial daylight PDT
(adlPDT) exposes the skin to an artificial broad-
band white light source [10, 12].

The aim of this targeted review is to consider
different aspects surrounding MAL-PDT on the
basis of published literature, with a focus on
personalizing its use across the heterogeneous
AK population. We discuss its efficacy and its
many available forms, including potential
amendments to PDT delivery, such as the use of
c/dl/adlPDT and adapting incubation/illumina-
tion times, aimed at easing the burden of
treatment for patients with AK.

LITERATURE REVIEW

Three photosensitizing agents are licensed for
use in Europe to treat AK in combination with a
red LED light: MAL (160 mg/g); a nanoemulsion
of ALA; and an ALA patch [10].

This targeted literature review was conducted
to identify guidelines, consensus recommenda-
tions, and studies describing the use of MAL for
the treatment of AK. PubMed was used to search
MEDLINE with terms that would define various
aspects of this narrative review (e.g., ‘‘methyl
aminolevulinate’’, ‘‘efficacy’’, ‘‘long-term effi-
cacy’’, ‘‘field cancerization’’, ‘‘photodynamic
therapy’’), between the dates of 1 January 2010

and 25 October 2022. There were no restrictions
to study design. Studies from the USA were
excluded due to discontinued availability of
MAL for AK, and only English language articles
were included. The full list of search strings and
filters can be found in Tables S1 and S2.

From the 639 search results received, 226
publications met the inclusion criteria for this
review and were further assessed to ensure the
key results were reported; a total of 38 publica-
tions were selected for this targeted literature
review (Fig. 1).

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

MAL-PDT IS A RECOMMENDED
TREATMENT FOR AK

Current guidelines recommend MAL-cPDT or
MAL-dlPDT for the treatment of single or mul-
tiple grade I–II AK (Olsen classification) and for
field cancerization of the face and scalp in
immunocompetent individuals [3, 10].
Although current recommendations suggest use
of MAL-cPDT for immunosuppressed individu-
als, a recent study demonstrates good efficacy,
tolerability, and patient satisfaction with dlPDT
[3, 13]. The other available lesion-directed
or field-directed therapies for AK, including
cryosurgery, laser treatment, and topical drugs,
vary widely in factors such as duration, efficacy,
cosmetic outcomes, and cost, and direct com-
parison of the different modalities is restricted
due to few ‘‘head-to-head’’ studies [1, 3, 10]. One
study has suggested that the patient’s blood
serum profile may affect treatment efficacy;
Moreno et al. reported that a poorer response of
AK to MAL-PDT may occur with a deficient
vitamin D status [14]. Thus, the choice of
treatment is guided by patient-, lesion-/field-,
and treatment-specific factors prioritizing per-
sonalized AK care [1, 3].

Dermatol Ther (Heidelb) (2023) 13:1409–1421 1411



CONVENTIONAL PDT
VERSUS DAYLIGHT PDT USING MAL

The combination of high efficacy and excellent
cosmetic outcomes achieved with cPDT using
ALA or MAL in both lesion- and field-directed
treatment has positioned these as recom-
mended treatments for AK in Europe, and in
Australia by expert panel consensus only
[1, 3, 15]. Although cPDT is generally well tol-
erated by patients, common adverse effects such
as pain, burning, and stinging can occur; uti-
lizing dlPDT or reduced incubation/illumina-
tion times may alleviate these events [10, 15].

Following lesion preparation, MAL-cPDT
requires application and occlusion of MAL for
3 h and, after removal of MAL, illumination

with a red light source to achieve a dose of
approximately 37 J/cm2. In contrast, MAL-
dlPDT requires widespread application of sun-
screen for 15 min, lesion preparation, and
30 min MAL application without occlusion,
prior to daylight exposure for 2 h [10, 16]. Of
note, for MAL-dlPDT an organic sunscreen
should be applied to all light-exposed areas to
prevent additional solar damage to non-treated
areas, while allowing PDT-effective light to
penetrate the AK treatment areas [7, 16].

A meta-analysis compared the efficacy
between MAL-dlPDT and MAL-cPDT, and while
no significant difference was observed (p = 0.07;
79.5% and 83.2%, respectively) [17] in the
complete response (CR; defined as clearance of
all lesions per patient or randomized field
of treatment [3]), on the basis of pooled results

Fig. 1 Flowchart of publication selection. *Citations that
were: duplicated; not related to AK/Bowen’s disease/BCC;
had no available abstracts; commentaries, letters to editors,
etc.; not inclusive of MAL with PDT. �Key objectives
included: guidelines and consensus recommendations from
Europe and Australia; MAL-c/dl/adlPDT, including the
influence of patients’ blood serum profile; protocols
relating to incubation/illumination times and different
treatment modalities; long-term efficacy of MAL-PDT;
prevention of field cancerization; protocol amendments

required, and differences in efficacy observed, for OTR
cohorts; patient and physician perceptions of treatment
satisfaction and outcomes. adlPDT artificial daylight PDT,
AK actinic keratosis, BCC basal cell carcinoma, cPDT
conventional PDT, dlPDT daylight PDT, MAL methyl
aminolevulinate, OTR organ transplant recipient, PDT
photodynamic therapy
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for 5556 AK lesions, the authors highlight that
the Olsen grade of AK may affect the CR of
MAL-dlPDT compared with MAL-cPDT [17].
There was no significant difference (p = 0.41) in
CR between the two treatments for Olsen grade
I–II AK, yet for grade I–III AK lesions, CR was
significantly lower (p\0.001) in the dlPDT
group compared with cPDT [17]. Of note,
within this meta-analysis, Rubel et al. presented
a non-inferior CR with MAL-dlPDT compared
with MAL-cPDT at 12 weeks, with an average of
96% of the lesions remaining in CR at 24 weeks
for both treatments [18].

It is hypothesized that in cPDT, the occlu-
sion of MAL for 3 h prior to red light exposure
allows synthesized PpIX to accumulate in
malignant keratinocytes, and to maintain cell
homeostasis, PpIX are then actively transported
into the extracellular space. These excreted
PpIX are incorporated by free nerve endings in
the epidermis, and upon photosensitization,
result in neuropathic and capsaicin-induced
pain due to a high concentration of reactive
oxygen species. Thus for dlPDT, MAL incuba-
tion without occlusion allows for continuous
photosensitization of PpIX synthesized in the
target cells, without stimulating
free nerve endings [19].

Studies to determine the feasibility of home-
based MAL-dlPDT [20, 21] have shown that,
after lesion preparation by a physician and a
single home-based treatment session, 62% of
overall lesions achieved CR at 3 months [21].
Similarly, in a fully home-based study, CR was
observed in 65.9% of lesions (n = 199) at
12 months (after one or two sessions) [20].
In addition to efficacy, both studies demon-
strated low pain levels and high patient satis-
faction with regard to overall outcome.
Nevertheless, with no comparative treatment, it
is difficult to ascertain the true significance of
this treatment method [20, 21].

ARTIFICIAL DAYLIGHT PDT
VERSUS CONVENTIONAL/
DAYLIGHT PDT WITH MAL

Artificial dlPDT follows the same treatment
protocol as dlPDT except that an artificial

broad-band white light source replaces daylight
exposure. This facilitates a year-round, stan-
dardized treatment option for regions where
dlPDT is not possible [12, 22].

A study comparing MAL-adlPDT with MAL-
cPDT showed similar efficacy (p = 0.51) between
the treatments at 3-month follow-up post-
treatment, with both significantly reducing
(p\ 0.0001) the total number of AKs compared
with baseline [12]. Patients rated both treat-
ments equally effective (p[0.05) and 70.7%
(n = 29/41) of patients preferred MAL-adlPDT
over MAL-cPDT (p\ 0.001). MAL-adlPDT was
also associated with significantly less pain
(p\ 0.0001) and less severe inflammation
(p\ 0.0001) [12].

When comparing MAL-adlPDT with MAL-
dlPDT, O’Gorman et al. again found no
observable differences in efficacy, pain scores,
and tolerability between the two treatments at
1-, 3-, 6-, or 9-month follow-up, and both
treatments demonstrated significant reductions
in AKs compared with baseline. Patients were
equally satisfied with both adlPDT and dlPDT
treatments. Furthermore, patients in this study
who had previously experienced treatment
with cPDT reported preferential treatment with
either adl- or dlPDT over cPDT [22].

EMERGING PROTOCOLS
FOR SHORTER INCUBATION/
ILLUMINATION TIMES

Studies investigating shorter MAL incubation/
illumination times were conducted with the
aim of reducing treatment-related pain without
impacting efficacy. For these data to be com-
parable, it is important to consider the effective
light dose [7, 23, 24]. One study demonstrated
that reduction in red light exposure (cPDT)
from 8 min to 4 min (light dose 37 J/cm2 and
18.5 J/cm2, respectively) resulted in no signifi-
cant difference in overall response at 3 months
or 6 months (p = 0.573 and p = 0.433, respec-
tively), but led to a significant reduction in pain
(p\ 0.05) during treatment [24]. For dlPDT, a
reduction in light exposure from 2.5 h to 1.5 h
(light dose 10.2 J/cm2 and 8.6 J/cm2, respec-
tively) showed no significant difference in CR
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(p = 0.96) or maximal pain score (p = 0.94)
between groups [7]. For adlPDT, a reduction in
MAL incubation from 30 min [22] to 10 min, as
well as a reduction in artificial light exposure
from 2.5 h (light dose 20.4 J/cm2) to 1 h (7.98 J/
cm2), resulted in 13 patients (N = 30) requiring
a second treatment session to clear remaining
AK lesions at the 3-month follow-up, after
which clearance of AK lesions at 6 months was
93% [23]. Thus, it is necessary to consider the
effective light dose when reducing the incuba-
tion/illumination protocol for adlPDT to avoid
the need for a second treatment session.

It is important to note that these emerging
protocols are investigational studies and require
further evaluation. Nevertheless, they show
adequate treatment efficacy with shorter incu-
bation/illumination protocols for MAL-cPDT/
dlPDT with one treatment session using lower
effective light doses of 18.5 J/cm2 and 8.6 J/cm2,
respectively, enabling flexibility in MAL-PDT
delivery to suit the patient’s needs.

MODALITIES TO INCREASE
RESPONSE TO TREATMENT

Sequential/combination therapy protocols with
the use of physical and/or chemical pre-treat-
ments have been suggested to enhance the
efficacy of PDT, with physical methods remov-
ing hyperkeratosis and increasing uptake of
MAL/ALA, and chemical agents potentially
interacting with the heme biosynthetic path-
way to increase PpIX formation [25].

A long-term, split-side study investigated the
effect of daily pre-treatment with calcipotriol
for 15 days prior to MAL-cPDT on multi-
ple AK clearance of the scalp compared with
MAL-cPDT. Here, overall AK clearance was sig-
nificantly greater with calcipotriol-MAL-cPDT
compared with MAL-cPDT at 3 months,
6 months, and 12 months (p\ 0.001 for all).
The response rates at 3 months were reported to
be similar for both sides (p = 0.055) for
Olsen grade I AKs, whereas grade II AKs showed
significantly greater response rates with cal-
cipotriol-MAL-cPDT compared with MAL-cPDT
(p\ 0.001) [25]. Similar findings were observed
at 3 months by Piaserico et al. for multiple AKs

of the upper extremities treated with calcitriol-
MAL-dlPDT: response rates were significantly
higher with calcitriol-MAL-dlPDT for grade II/III
AKs compared with placebo-MAL-dlPDT
(p = 0.038), with no significant differences
between the groups for grade I AKs (p = 0.891)
[26]. In both studies, patients experienced more
intense local skin reactions when treated with
calcipotriol/calcitriol [25, 26], but there was no
significant difference in median maximal pain
intensities between calcitriol and placebo pre-
treatments (score of 0 for both) [26]. Taken
together, these data suggest that cal-
cipotriol/calcitriol pre-treatment provides
greater efficacy, particularly for thicker AKs,
than MAL-c/dlPDT alone. This may be attrib-
uted to calcipotriol/calcitriol-enhanced PpIX
formation via increased MAL uptake in differ-
entiated cells; increased expression of por-
phyrin synthesis enzyme and decreased
ferrochelatase; and the potent induction of an
antitumor immunity response [25, 26].

A pre-treatment study with 5-fluorouracil (5-
FU) showed increased efficacy with sequential
chemical pre-treatment with MAL-dlPDT com-
pared with MAL-dlPDT alone [11]. Pre-treat-
ment with 5-FU twice-daily for 7 days prior to
MAL-dlPDT resulted in a significantly higher
overall CR (p = 0.0011) than with MAL-dlPDT
alone. There was no significant difference in
median maximum pain score between the two
groups (p = 1.0), and no reports of additional
pain or discomfort during the 7-day pre-treat-
ment period. Furthermore, significantly more
new AKs developed after MAL-dlPDT alone than
after 5-FU-MAL-dlPDT [11].

Physical pre-treatments such as microneed-
ling, fractional ablative laser (AFXL), and mi-
crodermabrasion (MD) may assist drug delivery
of MAL during PDT. However, in a study by
Bento et al. investigating these three pre-treat-
ments in conjunction with MAL-dlPDT com-
pared with MAL-dlPDT alone, only the AFXL-
MAL-dlPDT group showed a significant
improvement in AK clearance after 1 month
and 3 months (p = 0.002 and p = 0.034, respec-
tively) compared with the other groups. Overall,
better clinical and histologic results were
observed with physical pre-treatments in con-
junction with MAL-dlPDT compared with MAL-

1414 Dermatol Ther (Heidelb) (2023) 13:1409–1421



dlPDT alone [27]. Another study comparing
AFXL and MD pre-treatments with MAL-dlPDT
demonstrated similar results, with signifi-
cantly higher mean CR and AK clearance at
3 months with AFXL-MAL-dlPDT compared
with MD-MAL-dlPDT (p\ 0.001 and p = 0.006,
respectively) [28].

Other sequential/combination therapies
have also proven to be more efficacious than
MAL-PDT alone; Serra-Guillén et al. showed
that overall clinical histologic and clinico-
pathologic responses with MAL-cPDT followed
by imiquimod 5% application (three times a
week on alternate nights for 4 weeks) were sig-
nificantly superior to MAL-cPDT alone
(p = 0.004, p = 0.008, and p= 0.011, respec-
tively), with no significant differences in toler-
ance [29].

These studies demonstrate higher treatment
efficacies with combination therapies than with
MAL-PDT alone [11, 25–27], potentially due to
operating via different mechanisms of action,
and suggest that combination therapies may
offer scope for additional improvements in
treatment response. Nevertheless, to be an
attractive treatment option, it is important that
combination therapies should not noticeably
increase treatment duration, number of con-
sultations, or adverse events compared with
monotherapy [11].

PREVENTION OF FIELD
CANCERIZATION
AND PHOTOREJUVENATION

Field cancerization refers to an area with mul-
tiple AKs surrounded by evident UV-induced
skin damage [3]. One AK study comparing
lesion-directed MAL-cPDT with field MAL-cPDT
demonstrated that, after a single treatment ses-
sion, both therapies resulted in a significant re-
duction of lesions at 3 months, 6 months, and
9 months (p = 0.009). However, at 9 months,
the number of new AKs was significantly lower
with field therapy compared with lesion-di-
rected therapy (p = 0.014) [30]. Another study
comparing multiple full-face MAL-dlPDT ses-
sions with cryosurgery [31] demonstrated no
significant difference in AK clearance

(p = 0.154) or number of new AKs (p = 0.542)
between the therapies over 24 months. How-
ever, this study did show significant reductions
in 6 of 9 parameters of photoaging with MAL-
dlPDT compared with cryosurgery: fine li-
nes (p\0.001), mottled pigmentation
(p = 0.007), tactile roughness (p\0.001),
skin color (p = 0.016), facial erythema
(p\ 0.001), and sebaceous gland hyperplasia
(p = 0.017). Earlier mentioned studies investi-
gating AFXL pre-treatment to MAL-PDT showed
a significant increase in type I collagen fibers
(p = 0.028) compared with microneedling, MD,
or MAL-dlPDT alone. These findings imply
rejuvenation of the skin [27] as well as signifi-
cantly enhanced photodamage scores
(p = 0.001), with particular improvements in
skin texture and dyspigmentation (p = 0.001
and p = 0.003, respectively) compared with MD-
MAL-dlPDT [28]. Furthermore, skin cosmesis
was rated ‘‘excellent’’ by both patients
(p = 0.035) and physicians (p = 0.003) after
AFXL-MAL-dlPDT as opposed to ‘‘good’’ after
MD-MAL-dlPDT.

Taken together, these studies suggest field
therapy may delay development of new AKs
and have photo-rejuvenating effects [31]. How-
ever, a combination of lesion-directed and field
therapy may have additional cosmetic advan-
tages to the patient [27, 28], consequently im-
proving treatment adherence.

ORGAN TRANSPLANT RECIPIENTS
RECEIVING MAL-PDT

Organ transplant recipients (OTRs) are at high
risk for the development of AKs due to systemic
immunosuppression [32, 33], and AKs arising in
the immunosuppressed are 65–250 times more
likely to progress to KCs, particularly SCCs,
compared with AKs in the general population
[13, 32, 33]. Systematic reviews and/or meta-
analyses emphasize the limited evidence avail-
able for AK treatment in OTRs, yet provide evi-
dence demonstrating higher CRs with MAL-PDT
than with imiquimod, diclofenac, and 5-FU
treatments [32], and significant prevention of
progression (p = 0.039) to SCC compared with
no treatment [33].
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In a split-side study comparing MAL-PDT
with untreated control in OTRs, MAL-cPDT
resulted in significantly fewer AKs compared
with the control (p\0.01) and a significant
delay in appearance of new AKs (40 months
versus 28 months, p = 0.047) [34]. In an-
other split-side study, Bernad et al. evaluated
the efficacy of repeated MAL-dlPDT sessions for
the treatment of field cancerization in OTRs
compared with lesion-directed cryotherapy.
Here, double sessions of MAL-dlPDT were
administered 15 days apart at baseline,
3 months, and 9 months, versus one session of
lesion-directed cryotherapy at the same time-
points. Repeated MAL-dlPDT resulted in signif-
icantly fewer new AKs compared with
cryosurgery at 3 months, 9 months, and
15 months (p\ 0.001, p = 0.04, and p = 0.02,
respectively), and patients reported significantly
less pain (p\ 0.001 for both) and generally
higher satisfaction scores (p = 0.009 and
p = 0.02) at 3 months and 9 months [13].

An earlier study by Togsverd-Bo et al. reported
that OTRs with field cancerization and grade II/
III AKs who were pre-treated with AFXL before
MAL-dlPDT showed significantly higher median
CR at 3 months than when treated with MAL-
dlPDT, MAL-cPDT, or AFXL alone (p = 0.026,
p = 0.042, and p = 0.004, respectively) [35],
consistent with findings presented earlier in
immunocompetent patients [27]. Significantly
lower pain intensities were observed during
AFXL-MAL-dlPDT and MAL-dlPDT compared
with MAL-cPDT (p\0.001). Moreover, despite
AFXL-MAL-dlPDT resulting in significantly more
erythema and crusting than MAL-dlPDT or MAL-
cPDT (p = 0.026 and p = 0.012, respectively), the
cosmetic outcome of AFXL-MAL-dlPDT was
more favorable compared with the other three
groups (p\0.01), thus suggesting a safe and
efficacious treatment for difficult-to-treat AKs in
this patient cohort [35].

LONG-TERM EFFICACY
AND PATIENT SATISFACTION
WITH MAL-PDT

Long-term efficacy data exist for MAL-c/dlPDT
and can be considered alongside patient

satisfaction with treatment. A 12-month follow-
up study to assess lesion recurrence and clear-
ance rates after a single c- or dlPDT [36] also
demonstrated no significant difference in
recurrence rate (p = 0.16). Although this study
showed a significantly higher 12-month clear-
ance rate (p\0.01) for MAL-cPDT compared
with MAL-dlPDT [36], Sotiriou et al. demon-
strated similar CR rates at 3 months and
12 months [37].

However, reported recurrence rates of AK
after PDT vary widely. Some studies report
recurrence rates of 28% between 6 months and
12 months [38], and others of 53–64% at
12 months depending on the photosensitizing
agent [4]. These rates may be attributed to the
use of a single PDT session, with studies sug-
gesting that repeat treatments may result in
lower recurrence rates in both immunocompe-
tent and OTR populations [13, 38]. Neverthe-
less, a limitation to reporting recurrence rates
exists, as it remains uncertain if the number of
AKs at follow-up are relapses or new lesions.

In terms of patient satisfaction, Lacour et al.
showed that MAL-dlPDT was better tolerated,
as demonstrated by a significantly lower
(p\ 0.001) maximal pain score and signifi-
cantly fewer (p\0.001) adverse events (AEs)
[17], and was associated with greater overall
satisfaction and increased convenience, com-
pared with MAL-cPDT [5]. Additionally, both
therapies demonstrated ‘‘excellent’’ or ‘‘good’’
cosmetic outcomes 12 weeks after the treatment
session (98% and 99.7%, respectively) [5]. AK
disease chronicity warrants repeated cycles of
treatment. The desirable advantages of MAL-
PDT, namely high patient and physician satis-
faction with cosmetic outcomes, improved tol-
erability (i.e., less pain), and reduced in-clinic
treatment time with MAL-dlPDT, may enhance
the overall quality of life and long-term treat-
ment adherence of patients with multiple AKs
and field cancerization [4, 5, 37, 39–41]. Fur-
thermore, the additional flexibility of various
MAL-PDT protocols enable the treatment to be
tailored to the patient.
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DISCUSSION

There is a known risk of AK progression to KC in
the general population, which is anticipated to
be 65–250 times higher in immunosuppressed
patients; a wait-and-watch approach should be
viewed critically and treatment of all AKs is
recommended [1–3, 13, 32, 33]. There are
numerous, expert-recommended options avail-
able for the treatment of AK, but as these
treatments have not been investigated in a
‘‘head-to-head’’ setting, it is difficult to directly
compare them [3].

MAL-cPDT is recommended for single or mul-
tiple Olsen grade I–II AKs and for field canceriza-
tion due to high CR and good cosmesis [1, 3, 10],
yet pain, stinging, and burning sensations are
common with this therapy and can lead to pre-
mature termination of treatment [15, 19]. Addi-
tional logistical disadvantages such as availability
of the red light source, need for dedicated staff,
and prolonged time spent by the patient in the
clinic [12] can also all play a part in influencing
the choice of treatment.

With this in mind, MAL-dlPDT is a conve-
nient and desired alternative treatment that
provides multiple options to achieve higher
patient satisfaction with respect to effi-
cacy, pain, and cosmetic outcomes when com-
pared with MAL-cPDT [5, 10, 12, 17, 22, 39, 40].
MAL-dlPDT still has its limitations, namely in
thicker, difficult-to-treat AKs [10, 17], and with
respect to variations in light dose owing to
geographical latitude, season, and time of day
[12]. Studies have shown that indirect sunlight
exposure or exposure under a shadow is as
effective as exposure to direct sunlight [7]. Thus,
with the caveat that heavy clouds and adverse
weather conditions may affect patient comfort
[12], MAL-dlPDT requires only a minimum
temperature of 10 �C and daylight dose of 8 J/
cm2 for adequate PpIX synthesis, activation,
and effective treatment [10]. It is also important
to note that daylight exposure during sunny
weather has been associated with a higher pain
score than cloudy weather [7]. Furthermore, the
advent of home-based MAL-dlPDT protocols
empowers patients to take control of their
treatment for AK in a safe and effective manner

[20, 21]. The aforementioned temperature and
light dose requirements for MAL-dlPDT may
allow for year-round treatment at certain lati-
tudes, and for regions where this is not possible,
MAL-adlPDT is a suitable alternative with com-
parable efficacy and tolerability [22]. Addition-
ally, the reported trend of a more sustained
remission for MAL-adlPDT for patients with
significant field cancerization compared with
MAL-dlPDT [22] may make it a preferred option
for physicians and patients alike.

This targeted review touches upon a few of the
available chemical and physical combination
therapies that can increase efficacy and clearance
rates and reduce recurrence rates with MAL-PDT.
However, with limited comparative studies
[11, 25, 27, 29] and varying attributes, the direct
comparison of these modalities is restricted [1, 3].
A patient-centric decision will undeniably be the
predominant factor guiding treatment choice in
real-world clinical practice [41, 42], and with the
ability to vary the traditional treatment protocol,
be it with alternative light sources or pre-treat-
ments, MAL-PDT remains a well-established
option for the treatment of AK.

CONCLUSIONS

MAL-PDT is widely approved and recom-
mended for the treatment of AK and field
cancerization to prevent the likelihood of pro-
gression to KC. Importantly, MAL-PDT repre-
sents a flexible and effective option to achieve
optimal adherence to repeated treatment cycles,
while meeting the treatment goals and lifestyle
of the individual patient. Daylight exposure
(either in the clinic or at home), artificial day-
light (for year-round consistency in light expo-
sure), or addition of an appropriate
combination therapy offer choices that support
the patient-centric, personalized management
of AK.
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