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I Abstract
Introduction and Objective. Photodynamic therapy (PDT) is a therapeutic option for low-risk basal cell carcinoma (BCC).
The aim of the study was to assess the efficacy of topical PDT in the treatment of superficial BCC (sBCC) using two different
photosensitizers: aminolevulinic acid hydrochloride (ALA-HCI) in a gel formulation with a lipid nanoemulsion (ALA-HCl in
gel) and ALA methyl ester hydrochloride (MAL-HCI) in a cream formulation (MAL-HCl in cream).
Materials and Method. 21 patients were treated twice with a one week interval between treatments. The formulations
were applied onto lesions: 10 patients were treated with MAL-HCl in cream, and 11 with ALA-HCl in gel. After three hours
of incubation and removing the preparations, fluorescence was assessed. The skin areas were then irradiated with red light
6305 nm.
Results. At the follow-up visit 12 weeks after the second treatment, complete clinical remission was found in 82% after
ALA-HCl in gel and in 80% after MAL-HCI in cream. An excellent cosmetic result was found in 96% of patients after MAL-
HCl in cream and in 100% after ALA-HCl in gel. Faster skin healing and less post-inflammatory hyperpigmentation during
follow-up visits was observed after treatment with ALA-HCl in gel.
Conclusions. Both formulations - ALA-HCl in gel and MAL-HCl in cream — were highly effective photosensitisers for PDT. The
advantage of ALA-HCl in a gel formulation with a lipid nanoemulsion was faster skin healing, resulting in better cosmetic

results.
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INTRODUCTION

Basal cell carcinoma (BCC) remains the commonest
type of skin cancer and represents about 80% of cancers
originating from keratinocytes [1, 2]. People who work
outdoors, especially farmers, stand a relatively elevated
risk of experiencing BCC and relapse [3]. Significantly, the
incidence of BCC is much higher in the Caucasian population
[4], and the annual prevalence of the disease in Europe has
increased at a rate of 5% annually during the last decade,
in comparison to about 2% in the USA [5]. The prevalence
of BCC rises sharply after the age of 40, although recently
there has been an rise in occurrence among the population of
younger people, especially women, as a direct consequence of
increased exposure to UV radiation from the sun or artificial
sources, and smoking [6].

BCCs are known to develop as a result of a complex
interaction of both environmental factors and individual
phenotype and genetic makeup. The main predisposing
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factors for BCC include exposure to UV radiation, male
gender, advanced age (>60 years), fair skin type (Fitzpatrick
Iand II), prolonged immunosuppression, radiation therapy,
family or personal history of BCC, and certain genetic
syndromes [7]. It should be noted that BCC is one of the
cancers with the highest burden of genetic mutations, mainly
induced by ultraviolet radiation. In most cases, this is due to
aberrant activation of the hedgehog (HH) signalling pathway
(90% PTCHI mutations and about 10% SMO). Along with
the hedgehog pathway, other signaling pathways, including
TP53 and RAS, may also be involved in the pathogenesis of
BCC. In addition to the hedgehog pathway, several more
signalling pathways, including TP53 and RAS, are also likely
to be implicated in the pathogenesis of BCC [8].

The cellular aspect of BCC is worth emphasizing. The name
of the tumour refers to its origin from cells with a histological
resemblance to the epidermal keratinocytes. However,
the cellular background of BCC remained obscure and
extensively discussed over along period of time [7]. Through
molecular genetics studies, it has become clear that nodular
BCCs appear to be formed from follicular stem cells, while
superficial BCCs originate from the interfollicular epidermis,
which is dependent on a specific type of signalling [9]. It
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has been shown that only oncogene-targeted interfollicular
epidermal stem cells can transform into BCCs after HH
signalling because of an enhanced capacity for self-renewal
and refractory apoptosis facilitated by p53, leading to prompt
clonal outgrowth and advancement to malignancy [10]. It is
noteworthy that the tumour microenvironment is able to
specifically regulate tumour cells, affecting the keratinocyte
HH pathway and promoting BCC growth [11].

Although mortality from this cancer is minimal and the
risk of recurrence or metastasis is low, BCC may be related
to marked morbidity, particularly if not treated for a long
time [12].

At present, approximately 26 different types of BCC
are known, however, there are in general 4 distinct
clinicopathological subtypes: nodular, superficial,
morpheaform and fibroepithelioid [13, 14].

The first step in the diagnosis of BCC is visual inspection,
followed by dermoscopy/ videodermoscopy with confirmation
by biopsy and histopathology, when required [3, 15]. Of note,
a systematic review and meta-analysis of the precision of
dermoscopy for BCC reveal a pooled sensitivity of 89% —
91% and specificity of 95%. Other non-invasive diagnostic
methods include reflectance confocal microscopy, optical
coherence tomography, high-resolution ultrasonography,
Raman spectroscopy or terahertz pulse imaging [14, 16]. The
treatment of BCC is based on identifying low-risk (‘easy-to-
treat’) and high-risk (‘difficult-to-treat’) cancers [4].

Photodynamic therapy (PDT) uses a source of visible light
to activate a photosensitizing agent (usually aminolevulinic
acid, ALA, or methyl aminolevulinate, MAL) applied to
the lesion, leading to the release of reactive oxygen species
and a tissue-destructive effect [17]. This method should be
considered to treat low-risk BCC, i.e. superficial and small
nodular lesions that are less than 2 mm thick, when surgical
excision is not suitable or there are certain restrictions from
the patient, such as age, comorbidities, medications used.
In addition, PDT appears to be a good therapeutic option
for recurrent small and large tumours. According to the
European consensus, two photosensitizers are recommended:
ALA and MAL [4]. Of note, the NCCN recommendations
additionally include porfimer sodium [13]. Data from clinical
trials indicate that complete remission rates in patients with
BCC treated with PDT range from 60% — 100%. Furthermore,
anumber of randomized trials and meta-analyses have shown
that good or excellent cosmetic rates for PDT were higher,
compared to surgery. However, surgical excision appears to
be associated with better disease control [13].

Many different photosensitizers have been used to date,
with ALA and MAL pro-drugs being the most widely
used. The differences between the two substances are clear,
especially in terms of the stability of the active substance
and the ability to penetrate the epidermal layers. ALA is
characterized by susceptibility to degradation and low
stability. MAL, on the other hand, shows greater resistance
to degradation; however, it requires cleavage, which is related
to the fact that after the same incubation period, it is ALA
that induces more protoporphyrin IX (Pp IX) [18].

Atthe end 0f 2011, a modified form of photosensitizer, stable
ALA-HClin a gel formulation with a lipid nanoemulsion, was
granted marketing authorization throughout the European
Union. With this formulation, ALA-HCI remains stable for
24 months; moreover, its penetration through the stratum
corneum has been shown to be increased [19].

OBJECTIVE

The aim of this study was to determine the effectiveness
and tolerability of PDT using commercially available ALA-
HCI in a gel formulation with a lipid nanoemulsion, or
5-aminolevulinic acid methyl ester hydrochloride (MAL-
HCI) in cream in patients with superficial BCC.

MATERIALS AND METHOD

Study cohort. 21 Caucasian adults (I and III skin phototypes),
aged between 27-92 years, with non-pigmented superficial
BCCs (sBCCs) located on the face and/or trunk were
considered in the retrospective study.

All members of the study group received two PDT
treatments with one-week interval at the Outpatient Clinic
of the Department of Dermatology at the Medical University
of Lublin, Poland, between March 2019 - January 2023.

Criteria for inclusion in the study:

« superficial BCC confirmed with dermoscopy;

o eithera previous history of histopathologically confirmed
sBCC elsewhere on the skin, or a biopsy which confirmed
the diagnosis of sBCC.

Exclusion criteria:

o other than a superficial type of BCC,

« receiving any BCC topical or systemic therapies at least
three months prior to PDT.

Before inclusion in the study, written informed consent
was provided by all patients. The study was approved by the
local Ethics Committee (KE-0254/151/05/2023).

Study formulations. The photosensitizers used in the study
were: 5-aminolevulinic acid methyl ester hydrochloride
(MAL-HCl; methyl 5-amino-4-oxopentanoate,
hydrochloride; [H,COOC-CH,-CH,-CO-CH,-NH *]CI")
obtained from Arisun chempharm Co., Ltd., Xi’an, China,
and commercially availabl/e ALA-HCI in gel with a lipid
nanoemulsion. The gel contained 10% 5-aminolevulinic acid
hydrochloride (ALA-HCI; 5-amino-4-oxopentanoic acid,
hydrochloride; [HOOC-CH,-CH,-CO-CH,-NH ]CI")
(corresponding to 7.8% ALA) and excipients with known
effect: sodium benzoate, soy phosphatidylcholine and
propylene glycol. MAL-HCI photosensitizer was introduced
into lipobaza cream using a pharmaceutical stirrer. The
obtained formulation contained 12.5% of the MAL-HCI
(corresponding to 10% of MAL).

Treatment protocol. In each patient, prior to PDT, a
qualifying physical examination and videodermoscopy
using a FotoFinderDermoscope 800 were performed. Non-
pigmented superficial BCC (sBCC) was confirmed in all
patients. Only patients who presented the typical dermoscopic
features of sSBCC, i.e. short-fine, microarborizing vessels, were
qualified for the study.

Application of Study Formulations. After careful
debridgement, a photosensitizing substance, MAL-HCI or
ALA-HCI, was applied directly on the lesion. 10 patients were
treated with MAL-HCl in cream, and 11 with ALA-HCl in
gel. In the case of the gel, 10 minutes were awaited until it had
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partially dried. A plastic occlusive dressing and aluminum
foil were then applied. After three hours, the dressing was
removed, and the residual preparations were wiped away
using 0.9% sodium chloride solution

Evaluation of skin fluorescence after application of tested
preparations. The intensity of fluorescence was qualitatively
assessed using a FotoFinderDermoscope 800 attachment
with white and violet LEDs. The observed fluorescence was
evaluated as high, medium or low, which corresponded to
the numbers 3, 2, 1, respectively.

Irradiation with red light 630 + 5 nm. During the irradiation,
all participants wore protective goggles. For the exposure, the
Red Beam Pro+, Model APRO (MedLight GmbH, Herford,
Germany) was used.

The Red Beam Pro+ lamp contains 78 diodes emitting red
light 630 + 5 nm. A dose of 50 J/cm2 was used during a single
session, light intensity - 68 mW/cm2. The lamp distance from
the skin surface was 8 cm. Patients were advised to avoid UV
light exposure for 48 hours after treatment.

Evaluation of effectiveness. Lesion clearance was assessed
visually 12 weeks (checkpoint visit) after the second treatment.
The overall percentage of complete responses in patients
12 weeks after the second treatment, defined as complete
clinical remission (lesion clearance), was considered primary
efficacy. During the checkpoint visit, in case of clinical and
dermoscopic doubts, patients were given photodynamic
diagnostics. The same photosensitizer was applied to the
lesion, and fluorescence was evaluated after three hours; if
present, the patients were qualified for another treatment.

Cosmetic outcome. Twelve weeks after the second treatment,
cosmetic results were evaluated using a four-point scale

(Tab. 1). The skin lesions were photographed.

Table 1. Evaluation of cosmetic effect

Grade Definition

Poor extensive occurrence of scarring, atrophy, or induration

Fair slight to moderate occurrence of scarring, atrophy, or induration

Good no scarring, atrophy, or induration, moderate redness or increase in
pigmentation compared with adjacent skin

Excellent no scarring, atrophy, or induration, slight or no redness or change in
pigmentation compared with adjacent skin

RESULTS

Study group characteristics. Patient characteristics of sSBCC
and lesions are shown in Table 2.

Table 2. Characteristics of the study group

Variable Category Parameter Estimate
Age Years Min-max 27-92
Gender Male N(%) 9 (43%)
Female 12 (57%)
Localisations of lesions Head N(%) 10 (48%)
Trunk 11 (52%)

Evaluation of fluorescence after application of test
preparations. Fluorescence was evaluated for all patients
prior to red light irradiation. In the majority of patients (72%)
after the application of ALA-HCl in gel, intense and focused
PpIX fluorescence was observed. In contrast, after MAL-
HCI in cream application, PpIX fluorescence tended to be
moderate and dispersed (60%) (Tab. 3; Fig. 1 and 2). It is worth
noting that very intense PpIX fluorescence was observed in
one of the patients with seborrheic skin, which was probably
related to the increased penetration of nanoparticles through
the dilated pores characteristic of seborrheic skin (Fig. 2).

Photosensitizer

Fluorescence intensity ALA-HCI MAL-HCI

Intense fluorescence 8 patients (72%) 4 patients (40%)
Moderate fluorescence 3 patients (28%) 6 patients (60%)
Low fluorescence 0 patients (0%) 0 patients (0%)

Figure 1. Images showing the results of UV lamp examination of BCC lesions
overlaid with MAL-HCI. It was noted that PpIX fluorescence tended to be moderate
and dispersed

Figure 2. Images showing the results of UV lamp examination of BCC lesions with
ALA-HCl applied. Intense and focused PplIX fluorescence was observed.

Efficacy of PDT with study formulations. Twelve weeks
after the last PDT treatment, the rate of complete remission
was shown to be 82% (n = 9) in the ALA-HCI in gel group
and 80% (n = 8) in the MAL-HCl in cream group. Patients
without complete clinical remission, based on the result of
photodynamic diagnosis, were qualified for subsequent PDT
procedures (n=2 for ALA-HCl in gel and n=2 in MAL-HCI
in cream group) (Fig. 3 and 4).

Cosmetic Outcome. In the majority of patients, the cosmetic
result was determined to be excellent - 96% for MAL-HCl in
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Baseline Week 1 Woeek 2

Patient 1 (BCC on the chest)

Patient 2 (BCC on the cheek)

Patient 3 (BGG on the lower part of back) e SaEy Wi N

Figure 3. Selected results of PDT with MAL-HCl in cream. The blue arrow indicates
the site selected for dermoscopic evaluation

Baseline Week 1 Week 2 Week 12

=

Patient 1 (BCC on the torehead)

Patient 2 (BCC on the cheek)

Figure 4. Selected results of PDT with ALA-HCl in gel

cream and 100% for ALA-HCl in gel. Faster skin healing and
less post-inflammatory hyperpigmentation during follow-up
visits was observed after treatment with ALA-HCl in a gel
formulation with a lipid nanoemulsion.

DISCUSSION

PDT was first used to treat BCCs in 1990 [20]. Since then,
this group of cancers has been continuously treated with
PDT due to the high global incidence of BCC as well as the
easy availability of the tumour for both observation and
treatment. In addition, it is emphasized that using sBCC
as a research model for PDT treatment has an advantage
in that it allows focus on some of the limitations of PDT
treatment, such as PDT resistance and disease recurrence.
In addition, attention is drawn to the alarming increase in
the incidence of sBCC in young people, especially women.
PDT, as a cosmetically acceptable method, appears to be of
particular interest in this group of patients [21].

The main photosensitizer used in PDT therapy is PpIX. The
process of its production is endogenous and results from the
transformation of a pro-drug selectively captured by cancer
cells, such as ALA-HCl or its ester, MAL-HCI. At the cell level,
ALA-HCI undergoes enzymatic conversion via the heme
biosynthesis pathway to PpIX. PpIX molecules absorb light
in the process of initiating photosensitization, which leads to
the promotion of electrons from the basal state to produce a
triplet excited state. Subsequently, the excited PpIX produces
reactive oxygen species, which exhibit destructive effects on

BCC cells [22]. In addition to the destructive effects on BCC
cells, it is notable that PDT-induced immune modifications
contribute to therapeutic efficacy [23]. Furthermore, there
was a study in which thermographic and fluorescence images
were analyzed to evaluate the temperature pattern during
treatment of BCC with PDT. It was shown that the vast
majority of energy conversion was due to photodynamic
rather than thermal effects, highlighting the mechanism of
destructive action against cancer cells [24].

To date, nine randomized controlled trials have been
published in which MAL-PDT was used to treat SBCC. Most
of the publications were comparative in nature and involved
evaluating the efficacy of MAL in relation to other therapeutic
modalities, such as imiquimod, 5-fluorouracil, cryotherapy,
ALA-HCI, hexyl aminolevulinate (HAL) and surgical
excision [25-31]. In three studies, MAL-PDT was compared
with an ALA-HCl nanoemulsion (BF-200). Salmivuori et al.,
additionally compared histological clearance, tolerability
and cosmetic effects with low concentrations of HAL. It
was found that histologically-confirmed lesion clearance
was 93.8%, 90.9% and 87.9% for MAL, BF-200 ALA and
HAL, respectively, with no statistical differences (P = 0.84).
In addition, there were no differences between preparations
with regard to pain, post-treatment responses or cosmetic
effects [32]. A particularly relevant study by Morton et al.
demonstrated that BF-200 ALA is not inferior to MAL. The
study showed that complete clinical remission occurred in
93.4% of patients in the BF-200 ALA group, versus 91.8%
in the MAL group. Moreover, the recurrence 12 months
following the final treatment of the lesion topped out at < 10%
[33]. Alique-Garcia et al. in a group of 22 patients diagnosed
with sBCC receiving PDT showed that after one year, 93.75%
of foci resolved after ALA-HCI (BF-200) and 50% after MAL-
HCI. There were no differences in the aspect of tolerability,
which was defined as good or regular [34].

It is of particular note that all the cited studies used
MAL-HCI in the form of conventionally available Metvix
at a concentration of 16%, which is higher than used in the
current study. This is undoubtedly noteworthy since the
photosensitizer concentration in ALA-HCI in Gel with a
lipid nanoemulsion was 7.8%, while in the studied MAL-
HCl in cream it was 10%. This indicates that although the
photosensitizer concentration was about 20% lower in the
studied gel, the observed fluorescent effects were more intense
and the treatment was associated with the faster and better
cosmetic results. Therefore, both MAL-PDT in cream, as
well as ALA-PDT in gel (in nanoemulsion form), are highly
effective photosensitizers in terms of clinical improvement,
which is consistent with the results of the current study.

However, there is a lack of comparative studies assessing
long-term prevention of sSBCC recurrence in patients. Based

Figure 5. Results of photodynamic diagnostics performed during a visit at 12
weeks after the last PDT treatment
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on photodynamic diagnostics performed at a visit 12 weeks
following the final PDT treatment, in the current study two
patients in both of the two groups required an additional
PDT session. It should be emphasized that the use of this
diagnostic too objectively allows for determining indications
for continuing PDT [35] (Fig. 5).

Undoubtedly, the cosmetic effect after PDT that is
satisfactory for patients is of particular importance, which is
an undeniable advantage considering the tendency for sBCC
to occur in young people. In this study, faster skin healing was
observed after the use of ALA-HCl in gel formulation with a
lipid nanoemulsion, which may be related to the preferential
accumulation of the substance in the form of nanoparticles in
cancer cells, better course of the procedure, and faster recovery.
These observations were probably due to the advantages of
nanoemulsion as a form of drug delivery to cells.

The studies regarding cancer therapy demonstrate that
active ingredients in the forms of nanoemulsions are
efficiently taken up by cancer cells and eliminate toxicity
in surrounding tissue [36]. Moreover, the ALA-HCI in gel
formulation with a lipid nanoemulsion contains excipients,
i.e. soy phosphatidylcholine and propylene glycol, which
increase the affinity of ALA to the epidermal tissue [37].
The higher precision of the nanoemulsion is confirmed by
the higher PpIX fluorescence intensity after application of
ALA-HCl in gel, compared to MAL-HCl in cream.

The limitations of the study included the limited number
of patients, its single-centre nature, and the lack of a control
group. However, based on the promising results, the authors
would like to expand the study in the future.

CONCLUSIONS

1) ALA-HCl in gel with a lipid nanoemulsion and MAL-HCI
in cream appeared to be similarly effective in patients
with sBCC.

2) The advantage of ALA-HCl in gel with a lipid nanoemulsion
promoted faster skin healing, resulting in better cosmetic
outcomes compared to MAL-HCl in cream.
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