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LIST OF ABBREVIATIONS

AE = adverse event

AK = actinic keratosis

ALA = 5-aminolevulinic acid

ALM = acral lentiginous melanoma

ATP = adenosine-5-triphosphate

BCC = basal cell carcinoma

BD = block dissection

BRAF WT = BRAF wild type

Ca2+ = calcium ion

Ca-EP = calcium electroporation

CK AE1/AE3 = cytokeratin AE1/AE3
c-PDT = conventional photodynamic therapy
CR = complete remission

CTCA = Common Toxicity Criteria for Adverse Events
DNA = deoxyribonucleic acid

d-PDT = daylight photodynamic therapy
DSWC = dorsal skinfold window chamber
ECOG = Eastern Comparative Oncology Group
ECT = electrochemotherapy

EDF = European Dermatology Forum

EP = electroporation

ESOPE = European Standard Operating Procedures on Electrochemotherapy
5-FU = 5-fluorouracil

HPV = human papillomavirus

IFN = interferon

IQR = interquartile range

LED = light-emitting diodes

MAL = methyl 5-aminolaevulinate

MCC = merkel cell carcinoma

MM = malignant melanoma

NM = nodular melanoma

NMSC = non-melanoma skin cancer



NRS = numeric rating scale

OR = objective response

PD = progressive disease

PDT = photodynamic therapy

pT = primary tumour

PTP = permeability transitional pores
PpIX = protoporphyrin IX

PR = partial remission

PTP = permeability transition pores
QOL = quality of life

RECIST 1.1 = Response Evaluation Criteria for Solid Tumours 1.1
ROS = reactive oxygen species

RT = radiotherapy

SAE = serious adverse event

SCC = squamous cell carcinoma

SD = stable disease

SPF = sun protection factor

SSM = superficial spreading melanoma
UV = ultraviolet radiation

VAS = visual analogue scale

WHO = World Health Organization


https://www.who.int/

1. INTRODUCTION

The treatment of dermato-oncology patients has undergone significant changes over the last
decade [1]. A range of new agents were added to the therapeutic palette, targeting the whole
spectrum of skin related malignancies, from precancerous conditions to metastatic form of
skin cancers [1]. New therapeutic interventions have also emerged, and some methods have
undergone incremental innovation. The changes affect almost all skin tumour types, from
the most common keratinocyte-derived skin tumours to malignant melanoma (MM), and
also include rare skin malignancies, like merkel cell carcinoma (MCC).

As a general principle, surgical excision under local anaesthesia remains the gold standard
treatment of skin tumours diagnosed early. For locally advanced and metastatic forms, the
determination of therapy is the task of a multidisciplinary team. In addition to surgical and
radiotherapy, there is a wide range of new systemic treatments available, including
molecular targeted and immuno-oncological therapies. In many cases, a favourable
therapeutic response can be achieved by combining treatment modalities. More recently, the
new systemic therapies have been increasingly used in the tumour-free setting as adjuvant
treatment, to prevent or delay disease recurrence.

Keratinocyte-derived non-melanoma skin cancers (NMSC) include basal cell carcinoma
(BCC) and cutaneous squamous cell carcinoma (SCC) which are the most common human
tumours. The incidence has been increasing worldwide [2]. Early forms are treated by
surgical excision, while radiotherapy and systemic treatments are preferred for locally
advanced or metastatic tumours, and for patients presenting with multiple primary cancers.
An alternative to standard treatments is electrochemotherapy (ECT), which uses electrodes
to place the tumour in an electric field and delivers a cytostatic agent across the cell
membrane to the tumour cells to be treated.

In the superficial and precancerous forms of keratinocyte tumours, surgery is not suitable in
most of the cases. Therefore, different methods were developped to destroy these usually
multiplex tumours, localised in the head and neck region [3].

Actinic keratoses (AK) are preinvasive cancerous lesions on sun-exposed skin, which may
progress into invasive SCC. Currently there are no guidelines how to predict which AK will
evolve into SCC, therefore their treatment is common practice. Local treatment alternatives
for AK include cryotherapy, CO. laser, certain topical drugs (e.g. Imiquimod cream, 5-

Fluorouracil cream) and photodynamic therapy (PDT). PDT is a non invasive medical



treatment utilising a topical photosensitizer, activated by light to exert cytotoxic activity in
tumour cells.

For malignant melanoma the principles of treatment strategy are similar to those for NMSCs.
Surgical excision is the first-line treatment for low-risk primary tumours and sentinel lymph
node biopsy should be emphasised in the detection of occult lymph node metastases [1].
Block dissection can be offered to patients with occult lymph node metastases, and for
clinically and/or radiologically detectable metastases. In the case of irresectable tumors
and/or distant spread, systemic treatment is recommended in the form of molecular targeted
or immuno-oncological therapy, which can be combined with other modalities, like
radiotherapy or ECT.

Merkel cell carcinoma is a rare neuroendocrine skin tumour with aggressive biological
behaviour [4]. The disease is prone to rapid progression and has an unfavourable prognosis.
Surgical resection of the primary tumour and sentinel lymph node biopsy are the primary
treatment, and adjuvant radiotherapy is of high priority. Among the systemic treatments,
immunotherapy is recommended as first-line treatment [5-7]. ECT is a good option for local
tumour control in MCC, which can be combined with immunotherapy, thereby increasing
the efficacy of both therapies [8].

The use of electrochemotherapy and photodynamic therapy in the treatment of skin tumours
started decades ago and has undergone significant incremental innovation, which continues
today. In Hungary, both methods were first introduced at the Department of Dermatology
and Allergology in Szeged, and are part of routine dermato-oncological care. The scientific
work underlying this thesis presents the results obtained with the innovative versions of the

two methods, calcium electroporation and daylight photodynamic therapy.

1.1. Electrochemotherapy

ECT is a repeatable procedure for the local treatment of primary and metastatic solid
tumours. ECT was first used in the 1980s and the first successful clinical cases were
described in 1991. Thanks to the European Standard Operating Procedures (ESOP)
guidelines developed in 2006 and updated in 2018, it is now used in more than 200 oncology

centres across Europe [9-19]. ECT was first introduced in our department in 2007.



1.1.1. Electroporation

ECT is based on the physical phenomenon of electroporation, which uses the increased
permeability of the cell membrane due to an electric field to deliver molecules into the cell
[12]. Short and strong electrical pulses increase the permeability of the cell membrane,
allowing the introduction of different molecules into the cells, such as cytostatic drugs,
which otherwise would not or only to a limited extent pass through the cell membrane.
During ECT, reversible electroporation is used. It means that during EP, high-intensity
electrical pulses delivered by an electrical pulse generator cause destabilisation of the cell
membrane that is only temporary, and stabilises within a few seconds [20]. Thus, large
(hydrophilic) molecules can enter the cytosol through pores formed by transient fading of
the phospholipid bilayer that forms the cell membrane, and become trapped in the cell by

reorganisation of the cell membrane.

1.1.2. Chemotherapeutic agents used during electrochemotherapy

The most commonly used chemotherapeutic agents in ECT treatments are bleomycin and
cisplatin. These agents’ concentrations can be increased in the target cells by electroporation
(8000-fold for bleomycin and 80-fold for cisplatin), thus increasing their cytotoxicity in the
treated tumour [21, 22]. As a result, antitumour effect can be achieved with low-dose of
chemotherapeutic agents, therefore side effects are minimised. In case of using bleomycin,
the cell death is caused by the breakage of double-stranded desoxyribonucleic acid (DNA),

while at cisplatin it is caused by the cross-linking of DNA.

1.1.3. Selectivity, vascular effect, immune response

With bleomycin, the fragmented chromosomes cause the cell to be unable to divide and then
to die, meaning that the mitotically active cells, i.e. tumour cells and endothelial cells in the
blood vessels supplying the tumour, are selectively destroyed, while the surrounding tissue
is not. This cell-level selectivity explains the tissue-sparing property of ECT treatment [23,
24]. By destroying the endothelial cells of the blood vessels in the tumour, the procedure
also has an antihemorrhagic effect. The antiangiogenic effect is predominantly exerted at the
capillary level [25]. Since ECT involves non-thermal tumour ablation, tumour-specific
antigens remain intact. The antigens released from the damaged, necrotic tumour cells

activate T-cells, inducing an immune response and an abscopal effect on the tumour [26].



1.1.4. Advantages and disadvantages of electrochemotherapy

Comparing the benefits of ECT with other local ablative techniques, it is an effective, safe,
tissue-sparing, cost-effective, low-risk and repeatable local treatment of solid tumours [11].
It can be used as palliative, curative, neoadjuvant or adjuvant intervention. Multiple tumours
can be treated during one session of ECT, it is effective even after radiotherapy, and has
been reported to improve patients' quality of life (QOL) [27]. Muscle contractions during EP
can be uncomfortable, but adverse events are local and transient, including redness, oedema,

ulceration, hyperpigmentation and moderate pain at the treatment site.

1.1.5. The use of electrochemotherapy in oncology

Its efficacy has been demonstrated in a number of tumours with different histological types,
from superficial (basal cell carcinoma, squamous cell carcinoma, melanoma cutaneous
metastasis, vulva carcinoma, parotid and thyroid tumour, MCC, cutaneous lymphomas) to
deep-seated tumours (colorectal, prostate, pancreatic carcinoma and their metastases to the
internal organs, brain tumours, bone metastases) and certain benign lesions (capillary
malformation, keloid) [27]. In the largest prospective study published to date, an objective
response (OR) of 85% and a complete response (CR) of 70% were achieved for superficially
located tumours [28]. The efficacy of ECT in different histological types was as follows:
malignant melanoma cutaneous metastases: OR 82%, CR 64%, basal cell carcinoma: OR
96%, CR 85%, breast cancer cutaneous metastases: OR 77%, CR 62%, squamous cell
carcinoma: OR 80%, CR 63%, Kaposi's sarcoma: OR 98% CR 91%. In more than 400 ECT
treatments performed in our department, regardless of the histological type of the tumour,
an OR of 79.4% was observed, with CR in 49.4% of the treated tumours [27].

1.2. Calcium electroporation

1.2.1. The importance of calcium and its homeostasis

In addition to the chemotherapeutic agents mentioned above, many other drugs, radioactive
compounds and calcium have also been tested in combination with EP. Calcium is an
ubiquitous intracellular secondary messenger involved in many cellular processes such as
gene transcription, proliferation, cell metabolism and apoptosis [29-35]. In eukaryotic cells,
the intracellular calcium concentrations are lower than (107 mol/L) the extracellular
concentrations (102 mol/L). Low intracellular calcium concentrations are required for
calcium to function as a signal transduction molecule [36]. In contrast, calcium in high

intracellular concentration can be cytotoxic. Preclinical studies have demonstrated that Ca-
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EP can induce cell death in vitro and tumour necrosis in vivo, making Ca-EP a promising
new antitumour treatment. In Ca-EP, calcium replaces bleomycin, the most commonly used
chemotherapeutic agent in ECT, and may therefore be beneficial in patient populations in
whom chemotherapeutic agents are contraindicated (e.g. patients with severe respiratory

failure, pregnant women, etc.).

1.2.2. Mechanism of action of calcium electroporation

Ca-EP has similar properties to ECT. Ca-EP is a local treatment in which the intratumoral
administration of calcium is followed by electrical pulses on the tumour. The electrical
impulses delivered during EP help the calcium molecules to pass through the cell membrane
into the cytosol. The influx of calcium into the cell is enhanced by increasing the
extracellular calcium concentration before EP [37]. During Ca-EP, EP increases the
intracellular calcium concentration, resulting in increased adenosine-5-triphosphate (ATP)
consumption. In addition, an increase in mitochondrial membrane permeability results in a
further decrease in ATP production. This ATP depletion, together with other effects on the
cell, causes cell death (Figure 1.) [33, 38]. High calcium ion (Ca2+) influx can lead to a
decrease in ATP levels and cell death. First, increased intracellular Ca2+ levels increase the
activity of Ca2+-ATPase and Na+/K+-ATPase, which regulate Ca2+ homeostasis. Second,
high Ca2+ concentrations enhance the opening of mitochondrial membrane permeability
transitional pores (PTP) to dissipate the proton gradient. Impairment of the mitochondrial
membrane electrochemical gradient results in mitochondrial collapse. When the
mitochondria collapses, the cell can no longer produce ATP. Overall, increased ATP
consumption and decreased ATP production leads to low ATP levels, which in combination
with other cellular processes (lipase and protease activation, release of reactive oxygen

species), results in cell death.
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Figure 1. Calcium electroporation induces tumour necrosis [38].

The different sensitivity of normal and tumour cells to Ca-EP can be explained in part by
membrane stabilisation after EP, by differences in the expression of calcium transporters and
by changes in cellular structure. Calcium channels and proton pumps are present in
malignant cells as in normal cells, but their function, localisation and/or activity may differ.
EP is reversible, with the blockage of pores in the membrane reducing the flow of ions and
molecules. The blockage of pores depends on temperature, the degree of permeabilization,
the integrity of the cytoskeleton and the cell type. Normal cells appear to regenerate more
rapidly compared to tumour cells, as confirmed by in vitro studies [39].

The vasoconstriction induced by EP causes local hypoperfusion, so during Ca-EP the
injected calcium remains in the necrotized area and selectively kills tumour cells, as slower
regeneration of the tumour cell membrane allows additional calcium influx into the cell. This
explains why Ca-EP destroys tumour cells while leaving surrounding cells and tissues intact,
as supported by preclinical studies [40].

Although Ca-EP is a local treatment, in vivo studies have demonstrated its enhanced
systemic immune response inducing effect [26]. It induces immunogenic cell death by
antigen release from the cytosol and antigen presentation across the cell membrane, alerting
the immune system.

Its anti-angiogenic effects are confirmed by in vitro and in vivo studies. The in vivo vascular
effects of Ca-EP in normal and tumour vessels were evaluated by intravitreal microscopy
using a dorsal skinfold window chamber (DSWC) model [41]. The study demonstrated the
vascular effects of Ca-EP on both normal and tumour vessels. In vitro, Ca-EP inhibited the
formation of capillary-like structures and, similar to bleomycin-based ECT, damaged

tumours as well as normal blood vessels. Larger blood vessels, arterioles and venules were
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less affected and their functionality was preserved [40, 42]. Since the properties of Ca-EP
are very similar to ECT, Ca-EP may be able to replace bleomycin with calcium in

electroporation treatments.

1.3. Conventional and daylight photodynamic therapy

Photodynamic therapy is a non invasive medical treatment, which is based on the activation
of light-sensitive molecules (photosensitizers) in the diseased tissues, resulting in the
formation of reactive oxygen species, and leading to injury and cell deaths.

The most often used photosensitizers are 5-aminolevulinic acid (ALA) and its ester
derivative methyl 5-aminolevulinate (MAL). Depending on the light source, PDT can be
performed using artificial light or natural sunlight. The former is called conventional
photodynamic therapy (c-PDT), while the latter daylight photodynamic therapy (d-PDT).
Use of c-PDT in skin tumours was first reported in 1990 by Kennedy et al., while d-PDT
was first utilised in 2008 in Copenhagen by Wiegell et al. in the treatment of AK [43, 44].
We introduced c-PDT at the Department of Dermatology and Allergology in Szeged in 2003,
while d-PDT is used since 2014 [45].

1.3.1. Mechanism of action of conventional and daylight photodynamic therapy

During PDT in dermatology, photosensitizers in a topical formulation are applied on the
treated skin. These prodrugs will endogenously be converted by the heme biosynthetic
pathway to protoporphyrin IX (PplX) and other intermediate photosensitizing porphyrins
[45]. The metabolite of the PpIX is excited by light of the appropriate wavelength, and all
PpIX absorption peaks are within the visual spectrum of light. A range of light sources,
including daylight can be used to activate the accumulated PplX like lasers, metal halide
lamps, fluorescent lamps and light-emitting diodes (LEDs) [45]. During the return of PplX
to its ground state, reactive oxygen species are generated, resulting in cell death (necrosis or
apoptosis) [46]. The photosensitizer accumulates faster and to a greater extent in rapidly
dividing cells and newly formed blood vessels, than in the surrounding intact tissues,
resulting in selective destruction of the tumour cells [47]. During c-PDT the illumination
with light is performed after a predetermined three hours incubation period of the
photosensitizer, when PplX accumulation reaches its maximum. During d-PDT an
incubation time for the photosensitizer cream of 30 minutes without occlusion is

recommended, leading to a gradual accumulation of PplX.
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1.3.2. Advantages of daylight photodynamic therapy

The history of photosensitizer treatment dates back to antiquity and its continuous
development still evolves today [46]. The modern era of PDT began in 1978, when
Dougherty et al. performed the first systematic human trials of PDT in cutaneous and
subcutaneous skin tumours [46]. PDT has undergone many innovations over the past decades
[46]. The first photosensitizers were administered intravenously, and their effects lasted up
to two months. Later more effective and less toxic ALA-based photosensitizers were
developed for topical application, which are used today. Further research has focused on
improving the stability of the formulations, easier and deeper penetration into the upper layer
of the skin and more convenient application (transdermal patch) [46].

Nowadays, several topical preparations containing ALA or its methyl ester, methyl 5-
aminolaevulinate (MAL) are indicated in dermato-oncology. The most important difference
between the two agents is that PDT with the latter (MAL) is less painful. In those countries,
including Hungary, where there is no topical photosensitizer registered on the market, an
extemporary (magistral) cream formulation is prepared with the active substance.
Improvements of the intervention have also been made in the light used for PDT [46]. In
addition to conventional PDT, d-PDT with natural sunlight has been introduced. C-PDT
mostly uses an artificial light source emitting red (635 nm) or blue (410 nm) light to excite
the photosensitizer. In our department, a light source emitting 630 nm red light (Aktilite®,
PhotoCure ASA, Oslo, Norway) is used during c-PDT. D-PDT with natural sunlight (visible
light: 380-700 nm) was first used in Copenhagen in 2008 by Wiegell and colleagues [44].
Literature data showed that the efficacy of d-PDT and c-PDT in the treatment of both
superficial BCC and AK is similar, but d-PDT is better tolerated and associated with
significantly less pain [46, 48]. Pain during illumination is the most common adverse event
with c-PDT. Many patients with lesions on the head and neck find pain during illumination
a remarkable problem. C-PDT involves incubation of the photosensitizer (ALA or MAL) in
occlusion for several hours (3 h) in the treated area, leading to a high and selective
accumulation of PpIX in the target lesion. Irradiation with an artificial light source is
performed when PplX accumulation reaches its maximum. The international protocol for d-
PDT recommends an incubation time for the photosensitizer of 30 minutes without
occlusion. The accumulation of PplX does not reach its maximum at the beginning of the
exposure to sunlight, but continues gradually. This incremental PplX activation is one
possible explanation for the less pain during d-PDT compared to c-PDT [49]. Another

advantage of d-PDT is, that it can be used to treat a large area of skin [46].
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Additional factors limiting the use of c-PDT are the occlusion procedure and the lenghts of
the treatment. The absence of occlusion and the use of daylight instead of an artificial light
source result in a more simple procedure, where patients spend less time in the department.
D-PDT is a simplified treatment with improved tolerability. It is as effective as c-PDT, but
it is less painful, suitable for simultaneous treatment of a larger area of the skin, and time
reducing for the health care [46, 48].

A disadvantage for d-PDT is, that it can be affected by certain weather conditions. Rainy
and cold weather, strong winds hinder the treatment, while very sunny weather with high
UV radiation is difficult to tolerate and increases the likelihood of unwanted effects (e.g.
sunburn) [50]. An international consensus on d-PDT in AK was reached in 2012 and an
European consensus in 2015 [51, 52]. Since then, several countries have introduced the
method, adapting it to the geographical and climatic conditions of their region [52-56].

1.3.3. Place of photodynamic therapy in the treatment palette of actinic keratosis

PDT is a well recognized therapy in guidelines for AK, superficial BCC, and Bowen's
disease [46, 51, 52]. The photosensitizers used during the intervention have these NMSCs
in their label. However the procedure is also applied off-label for acne vulgaris, viral warts,
condyloma, scleroderma, cutaneous leishmaniasis, cutaneous lymphomas and for skin
rejuvenation.

Actinic keratosis is an in situ cutaneous squamous cell carcinoma with very high prevalence
ranging from 40-60% in Australia, and in the Caucasian population over 40 years of age [2,
57]. Based on literature data, 60-80% of the invasive cutaneous SCCs arise from AK,
therefore the treatment of AK is of high priority [58, 59]. Taking into account the strength
of evidence, the treatment armamentarium for AK includes cryotherapy (high), 5-
fluorouracil cream (5-FU) (high), imiquimod cream (high), PDT (moderate), CO. laser
ablation (moderate) and diclofenac gel (moderate) [60, 61]. Surgical excision is
recommended only in selected cases. Based on a systematic review published in 2021, the
strongest recommendation for the treatment of AK was made for cryotherapy, 5-FU cream
and imiquimod cream [3]. It has to be noted, that there is insufficient evidence on the efficacy
of these treatments in immunosuppressed patients or their suitability for chemoprevention.
Because on the phenomenon of field cancerization, there is often a need to treat more
extensive areas of the skin (field-directed therapy). Based on the available data for field
cancerization, the most suitable treatment options are PDT, local imiquimod cream and

cryotherapyl[3].
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2. AIMS

2.1. Calcium electroporation in the treatment of cutaneous metastases (Table 1.).

Our objectives for the research

Primary objective

Comparison of the efficacy of bleomycin-based ECT and Ca-EP in
the treatment of cutaneous metastases of malignant tumours.

Secondary objective

Registering adverse events (AE/SAE) during Ca-EP and
bleomycin-based ECT.

Table 1. Aims of the study: Ca-EP in cutaneous metastases (phase 1, randomised, double-blind

trial).

2.2. Daylight photodynamic therapy in the treatment of actinic keratoses (Table 2.)

Our objectives for the research

Primary objective

Confirming the efficacy of d-PDT in the treatment of actinic

keratoses under the local climatic conditions.

Secondary objective

Studying the safety and tolerability of d-PDT in the treatment of AK
under the local climatic conditions, with particular focus on

treatment-related pain.

Tertiary objective

Adapting a treatment protocol of d-PDT in the treatment of AK and

introducing the method in our department.

Table 2. Aims of the study: daylight photodynamic therapy in AK.
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3. PATIENTS AND METHODS

3.1. Calcium electroporation in the treatment of cutaneous metastases

3.1.1. Design of the clinical trial

The study protocol was approved and registered by the Centre for Health Registration and
Education on 3rd of May 2016 under case number 032104/2016/OTIG. Our clinical trial was
performed at the Department of Dermatology and Allergology, University of Szeged, with

the permission of the Institutional and Regional Research Ethics Committee of Human

Biomedical Sciences, University of Szeged (clinicaltrials.gov number: NCT03628417,

registration date: 23 May 2016; permission number: 3806; registration number: 98/2016-
SZTE; protocol number: ECT-KALCIUM-001).

3.1.2. Patients and methods

Inclusion and exclusion criteria

In our randomised, double-blind study we included patients with the following criteria

(Table 3.).

Inclusion criteria

Exclusion criteria

Age > 18 years

Previous bleomycin treatment with more than
200,000 Units/m?.

Verified cutaneous or subcutaneous metastases
of any histology.

History of severe allergic reactions associated
with bleomycin.

Platelet count = 50 billion/L, INR < 1.5

Participating in other clinical trials involving
experimental drugs or involved in a trial within
4 weeks prior to study drug administration.

ECOG performance status < 2

Pregnancy and lactation

Expected survival > 3 months

Untreated coagulation disorder

At least one cutaneous metastasis between 0.5
to 3 cm and accessible to electroporation.

Treatment free interval of more than two
weeks. However, patients treated with
Navelbine, Capecitabine, or weekly paclitaxel
can continue these treatments, if there is no
regression of cutaneous metastases. Other
medical cancer treatments such as endocrine
treatment, targeted treatment and radiotherapy
to another area may also continue.

Proper contraception

Limited capacity or incapacity

Signed informed consent

Table 3. Ca-EP in cutaneous metastases: Inclusion and Exclusion criteria.
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Treatment arms

A maximum of 10 cutaneous or subcutaneous metastases from 0.5-3 cm of any histological
type were included per patient. One to 6 metastases (depending on the patient’s number of
metastases) were numbered 1-6 and randomised (ratio 1:1) into one of two treatment arms:
e Ca-EP
e Bleomycin-based ECT
The treatment of the remaining metastases (6-10) was known and these were used for biopsy

sampling without evaluation of their clinical response.

Randomization

Randomization of metastases for each patient was performed using the nQuery Advisor 7.0
computer program. Randomization was performed by an independent clinical
pharmacologist, who prepared and labelled syringes containing clear material according to

the numbered metastases. The randomisation code was revealed 6 months after treatment.

Concentrations of the preparations used

e calcium chloride: 220 mmol/l (9 mg/ml) (based on preclinical data)
e bleomycin:1000 IU/ml (according to ESOPE guidelines)

Determination of tumour volume

ab? /6, where "a" = maximum diameter, "b" = maximum diameter perpendicular to "a"

Determination of the amount of drug injected into the tumour based on the tumour volume

Tumour < 0.5 cm?® - 1 ml/cm? tumour volume

Tumour > 0.5 cm®- 0.5 ml/cm? tumour volume

Electrical pulses

The electrical pulses were delivered by a Cliniporator (IGEA, Carpy, Italy) according to
the European Standard Operating Procedures on Electrochemotherapy (ESOPE)

guidelines. Linear needle electrodes (8 pulses 400 V and 1000 V/cm, 0.1 ms duration, 5
kHz frequency) and hexagonal needle electrodes (4 pulses 730 V and 910 V/cm, 0.1 ms

duration, 5 kHz frequency) were used according to the tumour location and size.

Type of anaesthesia
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The single procedure was performed under local or general anaesthesia after a prior doctor-
patient consultation.

3.1.3. Assessment of treatment outcomes and adverse events

Follow-up
The clinical study lasted 12 months. Tumour response at each follow-up visit (1-7, 15, 30,

60, 90, 180 and 360 days after treatment) was assessed according to the World Health
Organization (WHO) Response Evaluation Criteria for Solid Tumours 1.1 (RECIST 1.1)
criteria and photo-documentation was performed (Table 4.).

Clinical response assessment (RECIST 1.1.)

Complete remission (CR): complete regression of the treated tumour

Partial remission (PR): at least 30% reduction in the sum of lesion diameters
compared to baseline

Progressive disease (PD): at least 20% increase in the sum of lesion

diameters compared to baseline

Stable disease (SD): if none of the above categories are met

Obijective response (OR): the sum of the total regression (CR) and the partial

regression (PR)

Table 4. Assessment of clinical response according to RECIST 1.1.

Patients' Quality of Life (QOL) was assessed before and after treatment (0-100%). Pain was
measured using the Numeric Rating Scale (NRS) (0-10 points: 0 = no pain, 1-3 = mild pain,
4-6 = moderate pain, 7-10 = severe pain). Potential adverse events were recorded using the

Common Toxicity Criteria for Adverse Events version 4.0 (CTCA version 4.0).

Histopathological examination

Biopsies were performed from the tumour area before treatment and/or 7 days after treatment

at patients with more than 6 (6-10) metastases, as described below (Table 5.):

Number of biopsies
before and/or 7 days
after Ca-EP (n)

Number of metastases included in | Number of clinically
the clinical trial (n) assessed metastases (n)

19


https://www.who.int/

1-6 1-6 0
7 6 1
8 6 2
9 6 3

10 6 4

Table 5. Number of metastases, clinically evaluated metastases and biopsies included in the clinical
trial.

The randomization code was revealed six months after treatment and biopsies were taken
from both calcium and bleomycin-treated lesions and analysed by our clinic's
histopathologists for the presence of residual tumour tissue, inflammation, fibrosis and

necrosis.

3.1.4. Statistical analysis

Statistical analyses were performed using IBM SPSS, v24, software and R statistical
software. Objective tumour response (OR) was assessed using Fisher's exact test 6 months
after treatment, Mann-Whitney test was used to measure the difference in the current
delivered during Ca-EP and bleomycin-based ECT, and a two-sided 95% CI was used to
compare the outcome of the two groups. The required number of tumours included in the
clinical trial was determined by a non-inferiority test, with a minimum of 28 evaluable
tumours at a significance level of 0.05 and a power of 80%. A non-inferiority cut-off of 20%

was used to determine the clinical difference between the two treatment arms.

3.2. Daylight photodynamic therapy in the treatment of actinic keratoses

3.2.1. Design of the clinical trials

Our clinical trials with d-PDT were performed at the Department of Dermatology and
Allergology, University of Szeged, with the approval and permission obtained from the
Institutional and Regional Research Ethics Committee of Human Biomedical Sciences,
University of Szeged (protocol number: PDT-DLIGHT; registration date: 4 Nov 2014,
registration number: 137/2014).

A total of three clinical trials with d-PDT (PDT-DLIGHT-001, -002, -003) were conducted.
Inclusion and exclusion criteria, assessment of treatment outcomes and adverse events were
similar in all three trials. The treatment protocol in all studies was identical in the four major
steps. Differences between studies were in the incubation time of the photosensitizer, and in

the duration of time patient spent under natural sunlight. The treatment parameters suggested
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by the international and European protocol were used as a basis, and changed step by step in
order to optimize the method more tolerable for our patients under the local climatic
conditions [46, 51, 52].

3.2.2. Patients and methods

In the studies with d-PDT we included patients who were older than 18 years. Other inclusion
criteria were AK localised to the head and neck region, and the diameter larger than 6 mm.
In our clinical trials, we primarily recruited patients presenting with a single AK. If there
were multiple AKs, we assigned a target lesion, which was followed in the clinical trials for
response and adverse events. The diagnosis of AK was based on the clinical picture and on
the dermoscopic presentation. Histopathological verification of the skin lesions was
performed only in selected cases.

We excluded from the studies those patients, who underwent medical intervention
(cryotherapy, topical medication, surgical or laser treatment, radiotherapy) in the area of the
AK six weeks prior to the study, and who had known hypersensitivity to the photosensitizing
agent. After receiving detailed information on the procedure and purpose of the trial, patients
confirmed their willingness to participate in the study by signing a consent form.
Photodynamic therapy with natural sunlight was performed in four steps. The skin area to
be treated was prepared according to the international protocol [46, 51, 52]. Hyperkeratosis
was removed from the AK with a Volkmann cannula. A high factor sunscreen was applied
to the AK, and to the surrounding skin. Ten percent ALA was used as a photosensitizer in a
magistral cream, and applied without occlusion to the AK and its 5 mm surrounding area.
Light intensity was measured in the PDT-DLIGH-002 and 003 trials with the Vector H410
dosimeter (Scientech Inc. Boulder, CO, USA). The following formula was used to calculate
the treatment dose or the time patients spent under daylight:

dose (J/cm?) = [light intensity (mW/cm2) x treatment time (min) x 0.6]/10.

The d-PDT treatment was postponed in case of rainy wheater conditions.

3.2.3. Assessment of treatment outcomes and adverse events

Clinical response was assessed based on the clinical and dermoscopic appearance six weeks
after treatment at the follow-up visit. Complete remission (CR) was considered, if the tumour
completely regressed, while a partial remission (PR) if at least one third of the lesion
regressed. Progressive disease (PD) was defined as an increase in the size of the AK, while

stable disease (SD) was defined when regression was seen in less than one-third of the lesion.
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We did not investigate individual factors affecting the clinical response, and did not analyse
statistically the association between clinical responses and treatment doses.

Adverse events were recorded using the CTCA version 4.0. Severity of AEs was rated
according to a 5 point scale (0-4 points: 0 = none, 1 = mild, 2 = moderate, 3 = severe, 4 =
very severe). Pain during treatment was measured on a visual analogue scale (VAS, scores

0-10: 0 = no pain, 10 = unbearable pain).

3.2.4. Statistical analysis

Statistical analysis in the d-PDT trials, as well as the comparison with the previous trial with
c-PDT, were performed using IBM SPSS 26 software (IBM Corporation, Armonk, NY,
USA). Data were not found to be normally distributed by one-sample Shapiro-Wilk test.
Chi-square test was used to analyse the efficacy of PDT, and Kruskal-Wallis test to compare
pain scores. Pairwise comparisons were performed using Dunn's post-hoc test. Comparisons
of complete remission rates after the significant chi-squared test were performed using
Benjamini-Hochberg correction. A threshold level of five percent was considered to indicate

statistical significance.
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4. RESULTS

4.1. Calcium electroporation in the treatment of cutaneous metastases

4.1.1. Evaluation of clinical response

A double-blinded randomised controlled trial was conducted in our institute to compare the
efficacy of Ca-EP with bleomycin-based ECT in skin metastases (ClinicalTrials.gov:
NCT03628417).

Seven patients (5 women, 2 men) with a total of 44 cutaneous metastases (34 melanoma
malignum, 10 breast cancer) were included in the clinical trial between October 2016 and
June 2018 (Figure 2.).

7 patients

v

44 enrolled cutaneous
metastases

11 cutaneous metastases used for
> biopsies before and 7 days
after treatment

A4

33 randomized cutaneous
metastases

v v

18 cutaneous metastases treated with Ca-EP ‘ | 15 cutaneous metastases treated with bleomycin-based |

‘, l

‘ Randomization code was revealed (day 180) |

l !

18 cutaneous metastases treated with Ca-EP evaluated for 15 cutaneous metastases treated with bleomycin-based
response (primary endpoint) ECT evaluated for response (primary endpoint)
7 cutaneous metastases 6* cutaneous metastases
used for bioosies used for bioosies

* One patient had only one treated metastasis

Figure 2. lllustration of trial profile.
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Six patients with melanoma were treated for cutaneous metastases located on the lower
extremity, while one patient was treated for breast cancer metastases localised to the trunk
(Table 6.). The median age of the patients was 73 years (interquartile range: IQR = 21). 33
of the 44 metastases were randomised to the two treatment arms and their clinical response
was evaluated, while 11 lesions were histologically analysed (Figure 2.). Of the randomised
metastases, 18 were treated with Ca-EP (15 melanoma malignum, 3 breast cancer) and 15
with bleomycin-based ECT (12 melanoma malignum, 3 breast cancer). Of the 33 randomised
cutaneous metastases, 6 (18%) were located in previously irradiated areas (2 lesions treated
with Ca-EP, 4 lesions treated with bleomycin-based ECT). The median value of the
maximum diameter of the 33 metastases evaluated by clinical response was 7 mm (IQR =
5). The median injected dose was 0.0855 mL (IQR =0.1924) for Ca-EP and 0.132 mL (IQR
= 0.27) for bleomycin-based ECT (Table 7.).

Patient Gender Primary Localization of | Mets.included/ | Years since | Previous
Age (y) tumour (pT) cutan mets. evaluated (n) diag. treatment
1. Male (76) MM (pT3b) | Lower extremity 1/1 1 -
2. Female (62) | Breast cancer trunk 10/6 5-6 systemic
3. Female (83) MM Lower extremity 9/6 7 systemic,
(pT3bN1) RT, ECT
4. Female (49) | MM (pT3b) | Lower extremity 3/3 2 systemic
5. Female (83) | MM (pT3a) | Lower extremity 10/6 4-5 ECT
6. Female (64) | MM (pT2a) | Lower extremity 6/6 2-7.5 -
7. Male (73) MM (pT3a) | Lower extremity 5/5 3-8 systemic,
RT
total 5F : 2M MM: 6 lower extr.: 6 44/33 Mean: 3-8 various
Mean age:70 | Breast cc:1 trunk: 1 (0 =1-9329)
(c = 11-4891)

Table 6. Baseline demographic and clinical characteristics of the patients.

Four of the procedures were performed under local anaesthesia and 3 under general
anaesthesia.

Hexagonal needle electrodes were used for 21 (63.6%) and linear for 12 (36.4%) metastasis
during EP. Of the 18 lesions treated with Ca-EP, hexagonal electrodes were used for 11
(61.1%) and linear electrodes for 7 (38.9%), while hexagonal electrodes were used for 10
(66.7%) and linear electrodes for 5 (33.3%) of the 15 lesions treated with bleomycin-based
ECT (Table 7.).
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Calcium electroporation

Bleomycin-based electrochemotherapy

Treatment arm Our clinical
Our clinical trial 2018 Study Total ol 2018 Study Total
tria
Lesion Characteristics
Tumour size
Median of the largest diameter, mm 6-5 (5-30) 9-5 (5-18) 7 (5-25) 11 (4-25)
Tumour type
Malignant melanoma 15 1 16 12 1 13
Breast cancer 3 17 20 3 18 21
Previously irradiated lesions, n 2 8 10 4 7 11
Location
Lower extremity 15 4 19 12 4 16
Trunk 3 14 17 0 15 15
Upper extremity 0 0 0 3 0 3
Treatment
. 0-085 0-24 0,132 0,21
Median doses (range), mL
(0,042-3,14) (0,03-1,21) (0,065-0,475) (0,03-0,55)
Median delivered current (range), A 3,85 (1,4-9) 3-4(0,9-8,2) 4 (1,4-6,5) 2,8 (1-9,6)
Median delivered current with linear
4 (2,25-9) 3-4(0,9-8,3) 5,05 (4-6,1) 2,8 (1-9,6)
electrodes (range), A
Median delivered current with hexagonal
2-5(1,4-4,2) NA 2,75 (1,4-3,6) NA
electrodes (range), A
Median number of applications (range), n 1(1-6) 3(1-7) 1(1-3) 3(1-7)
Electrodes
Linear 39% (7) 100% (18) 33% (5) 100% (19)
Response (CR) for linear electrode
14% (1) 66% (12) 0 68% (13)
subgroup
Hexagonal 61% (11) 0 67% (10) 0
Response (CR) for hexagonal electrodes 27% (3) NA 60% (6) NA
subgroup
Clinical response
Complete response, percent, n 4 12 44-44% (16) 6 13 55-88% (19)
Partial response, percent, n 2 1 8-33% (3) 2 3 14-7% (5)
Stable disease, percent, n 6 3 25% (9) 5 0 14-7% (5)
Progressive disease, percent, n 6 2 22-22% (8) 2 3 14-7% (5)
Adverse events
Ulceration, percent, n 2 7 25% (9) 3 13 47-05% (16)
Itch, percent, n 0 1 2-77% (1) 0 5 14-7% (5)
Hyperpigmentation, percent, n 2 0 5-55% (2) 6 5 32-35% (11)
Exuding, percent, n 0 2 5-55% (2) 0 2 5-88% (2)

Table 7. Results of our clinical trial and comparison with the first phase Il randomised double-blind
trial by Falk et al. in 2018 [62].
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Clinical response assessment

The OR for Ca-EP was 33% (CR = 22%; PR = 11%) and for bleomycin-based ECT was
53% (CR = 40%; PR = 13%) (Table 7.). There was no significant difference in either OR (p
=0.30) or CR (p = 0.45) between the two treatment arms.

After six months, 33% (6 out of 18) of metastases had progressed in calcium-treated lesions
compared to 13% (2/15) of bleomycin-treated lesions. The two-sided 95% CI for the
difference in outcome between the two treatment arms was -13.3-53.3%. There was no
significant difference in the clinical response of lesions located in previously irradiated areas
compared to other cutaneous metastases (p = 0.37) (Figure 3.).
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Figure 3. Changes in tumour size over time.

Metastases were treated at day = 0 with either i.t. calcium and or i.t. bleomycin in a randomised
double-blinded study design. Patients received only one treatment and response was evaluated 6
months after treatment, after the randomization code was revealed. Change in size over time; the
graph illustrates the percent change in tumour size recorded 6 months after treatment. The two non
measurable metastases treated with calcium-chloride and bleomycin were irradiated, and are not
included in the graph, but were included in the response analysis as PD.
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Presentation of the histological results

Before and 7 days after treatment, 11 cutaneous biopsies were taken from the cutaneous

metastases (Figure 4.).
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Figure 4. Histological description of biopsies taken before and 7 days after treatment.
Patient no. 5 with MM. (A-C)

(A): Pre-treatment biopsy: Extensive tumour infiltration, mild fibrosis, moderate
lymphocytic inflammation, no necrosis. The tumour cells show diffuse MelanA positivity.
(B) Day 7. Post-treatment with Ca-EP: Partly ulcerated skin, moderate tumour infiltration
and fibrosis, mild inflammation, no necrosis. Only scattered MelanA positive tumour cells.
(C) Day 7. Post-treatment with bleomycin-based ECT: Partly fragmented, ulcerated skin
with pseudoepitheliomatous hyperplasia of the epidermis, moderate fibrosis and
inflammation, no necrosis. Focal MM nests with MelanA positivity.

Patient no. 2 with breast cancer. (D-F)

(D) Pre-treatment biopsy: Extensive breast cancer infiltration without fibrosis, inflammation
and necrosis. The tumour cells are cytokeratin (CK) AE1/AE3 positive.

(E) Day 7. Post-treatment with Ca-EP: Focal tumour infiltration, very mild inflammation no
fibrosis or necrosis.

(F) Day 7. Post treatment with bleomycin-based ECT: Dispersed tumour cells with CK
AE1/AE3 positivity, mild inflammation, no fibrosis or necrosis.

Out of the 13 histological samples taken 6 months after treatment, 6 (3 lesions treated with
Ca-EP, 3 lesions treated with bleomycin-based ECT) showed clinical CR, based on the
randomization code. In 5 of the 6 cases, no tumour cells were detected, so that CR could be
confirmed by histopathological examination (3 lesions treated with Ca-EP and 2 lesions
treated with bleomycin-based ECT) (Figure 5.).
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Figure 5. Histopathologically confirmed complete remission 6 months after Ca-EP.
Tumour cells were not identified 6 months after Ca-EP neither in malignant melanoma (A)
nor in breast cancer metastases (B).

A: patient no. 3, Ca-EP treated clinically CR of melanoma malignum cutaneous metastasis.
B: patient no. 2, Ca-EP treated clinically CR of breast cancer cutaneous metastasis.

4.1.2. Summary of the physical parameters of the treatment

Electrodes used

Differences were observed in tumour response and electrode type between the two treatment
arms, which were not statistically significant due to the small sample size. OR values were
higher in Ca-EP with linear electrodes (42.8%, 3/7) than with hexagonal electrodes (27.3%,
3/11) (p = 0.63). 45.45% (5/11) of tumours classified as PD were treated with hexagonal
electrodes and 14.29% (1/7) with linear electrodes (p = 0.32). The opposite trend was
observed with bleomycin-based ECT. For lesions with OR, 70% (7/10) were treated with
hexagonal electrodes and 20% (1/5) with linear electrodes (p = 0.12). 10% (1/10) of tumours

classified as PD were treated with hexagonal electrodes and 20% (1/5) with linear electrodes
(p=1).

Applied current

There was no significant difference in the delivered currents between the two treatment arms
(p = 0.956), nor between metastases treated in previously irradiated and non-irradiated areas
(p = 0.911). The median delivered current was 3.85 A (IQR = 3.75) for metastases treated
with calcium and 4 A (IQR = 2.4375) for metastases treated with bleomycin. The median

current applied in the treatment of metastases in non-irradiated areas was 3.85 A (IQR =
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3.45) and 3.95 A (IQR = 1.525) in previously irradiated areas. The electrical pulses were
delivered a total of 30 times (median: 1; 1-6; IQR = 1) for the 18 randomized Ca-EP-treated
metastases and 22 times (median: 1; 1-3; IQR = 1) for the 15 bleomycin-based ECT-treated
lesions. The median value of current intensity measured with linear electrodes in the two
treatment arms (Ca-EP and bleomycin-based ECT) was 5 A (2.25-6.1; IQR = 2.1; 31
applications) and 2.5 A (1.4-4.2; IQR = 1.6; 21 applications) with hexagonal electrodes. The
median current delivered during Ca-EP was 2.5 A (1.4-4.2; IQR = 1.5; 11 applications) with
hexagonal and 4 A (2.25-9; IQR = 3.5; 19 applications) with linear electrodes. With
bleomycin-based ECT, the median current delivered in the group was 2.75 A (1.4-3.6; IQR
= 1.7125; 10 applications) using hexagonal and 5.05 (4-6.1; IQR = 1.325; 12 applications)

using linear electrodes (Table 7.).

4.1.3. Adverse events during treatment

No serious adverse events were observed. Based on the CTCA 4.0 criteria system, grade |
adverse events such as ulceration and hyperpigmentation after Ca-EP were observed in 2-2
metastases (2/18, 11%). Following bleomycin-based ECT, ulceration occurred in 20% (3/15)
and hyperpigmentation in 40% (6/15) of treated lesions (Figure 6.).

The median NRS score for pain before treatment was 2 (IQR = 2). The median NRS score
immediately after treatment was 2 (IQR = 9), with 3 patients reporting no pain (NRS: 0), 1
reporting mild pain (NRS: 1-3) and 1 reporting moderate pain (NRS: 4-6).

Two patients with more than 6 cutaneous metastases who underwent biopsy reported severe
pain (NRS: 9-10). The median 6-month NRS score was 2 (IQR = 4), with a mean Ca-EP of
2.5 (6 = 3.2016) and 4.5 (o = 2.2913) for patients treated with ECT.

At six months after treatment, QOL scores were the same or increased from baseline (from
70% (IQR = 10) to 80% (IQR = 10). Three patients experienced no change in their quality
of life at 6 months after treatment. All 7 patients agreed to repeat treatment in the future if

necessary.
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Figure 6. Evaluation of clinical response after Ca-EP and bleomycin-based ECT.
The lesions are from patient no. 2 with cutaneous metastases from breast cancer in the same region
(trunk). Lesion no. 2: Ca-EP treated cutaneous metastasis. Lesion no. 5: bleomycin-based ECT
treated cutaneous metastasis.

(A, E): Before treatment. (B, F): Two weeks after treatment; typical crust appearance. (C, G): Two
months after treatment; clear hyperpigmentation in the areas treated with calcium and bleomycin.

(D, H): Six months after treatment; complete disappearance of metastases.

4.1.4. Follow-up data

The mean follow-up of 6 patients lasted 29 months (standard deviation = 6.8232). One
patient died 11 months after treatment (due to progression of another known primary tumour)
and two patients died 26 and 27 months after treatment due to femoral neck fracture and
malignant progression of melanoma, respectively. None of the lesions showing CR recurred

during the 1-year follow-up period.

4.2. Daylight photodynamic therapy in the treatment of actinic keratoses

4.2.1. Evaluation of treatment outcomes and adverse events

A total of three clinical trials with d-PDT (PDT-DLIGHT-001, -002, -003) were conducted
(Table 8.).

In the PDT-DLIGHT-001 study, the photosensitizer was incubated without occlusion on the
skin for 30 minutes according to the international protocol. Afterwards, patients were
exposed to sunlight in the open air for 90 minutes [63]. A total of 63 patients (33 male, 30
female) with AK (grade 1) were treated in the head and neck region (face, forehead, nose)
(Figure 7.). The mean age of the patients was 75.37 years (range 49-92 years). One hour
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before treatment, the mean outdoor temperature was 25.63°C (12-32°C). Treatment was
performed under cloudy (1-13 °C), partly sunny (10-25 °C) and sunny (17-31 °C) weather
conditions. 73% of AKs (n = 46) showed complete remission (CR) and 27% (n = 17) showed
partial remission (PR). Pain during treatment was rated by the patients as 0.3 (0-5) on the
VAS (Table 8.).

Figure 7. Dermoscopic image of AK (grade I) in one of our patient.
Large follicles are filled with yellow keratin plug and surrounded by a whitish halo, and a pink
network of blood vessels is present (,,strawberry pattern™).

In the PDT-DLIGHT-001 study, we observed that spending 90 minutes outdoors under
sunny and partly sunny weather conditions was difficult to tolerate for our elderly patients.

Taking this into account, in our next study (PDT-DLIGHT-002) we increased the duration
of the incubation time of the photosensitizer, which patients spent indoors, while shortened
the treatment time outdoors. After application of the photosensitizer cream, we waited 120
minutes instead of 30 minutes to allow PplX accumulation. Patients stayed inside the clinic
building during the incubation period (between 9 and 11 a.m.) and then were exposed to
natural sunlight in the garden of our clinic for 30 minutes. The treatments took place in
cloudy (18-29°C), partly sunny (19°C) and sunny (25-35°C) weather conditions.

The PDT-DLIGHT-002 study included 30 patients (16 men, 14 women) with an average age
of 77.9 years (41-97 years). The average natural sunlight intensity measured with a dosimeter
(Vector H410) prior to treatment was 48.63 mW/cm? (7-71 mW/cm?). Patients spent 30
minutes outdoors and the average treatment dose was 87.5 J/cm? (12.6-127.8 J/cm?) (Table
8.). When the treatment efficacy was evaluated after 6 weeks, 63.33% (n = 19) of AKs
showed CR and 36.66% (n = 11) PR. Patients tolerated the therapy well, with a mean
treatment pain score of 2.13 points on the VAS scale. The pain was mild, resolved
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spontaneously, and no treatment interruption was necessary. Thirty-three percent of patients
(n = 10) experienced severe erythema within 24 hours of treatment and presented in our

department for treatment.

Figure 8. Severe erythema foIIowmg hlgh -dose d- PDT ina 79 -year-old female patient.
(A) Severe erythema 24 hours after d-PDT of multiple AKs (dose: 108 J/cm?).
(B) The erythema was reduced after 5 days of topical treatment.
(C) No erythema was observed at the 6-week follow-up, with complete remission of AKs.

With the application of topical skin soothing treatment, the erythema subsided within a few
days and then disappeared completely (Figure 8.). When analysing the data, we found that
these patients were treated under sunny weather conditions with higher doses (above 100
Jlcm?). In our study, lesions treated with doses below and above 15 J/cm? showed no
difference in clinical response (CR and PR).

The PDT-DLIGHT-003 clinical trial used dosimetry to measure light intensity. Considering
the severe erythema seen at doses above 100 mJ/cm?, we aimed to use lower treatment doses
in. We included 73 patients (47 males, 26 females) with a mean age of 74.64 years (51-92
years). The mean light intensity was 46.67 mW/cm? (2-92 mW/cm?). The mean outdoor
treatment time was 10.42 min (2-60 min). During treatment, patients received an average
dose of 19.47 Jlcm? (7.2-54 J/cm?) (Table 8.). There was no pain or severe erythema during
the treatment. At the 6-week follow-up, 85% (n = 62) of the treated AKs showed CR and
15% (n=11) PR.
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Patient and treatment PDT-DLIGHT c-PDT

characteristics, results 001 002 003 [64]

Number of patients (n) 63 30 73 22

Sex (male to female) (n) 33:30 16:14 47:26 11:11

Average age (years) 75,37 77,90 74,64 75,86
(49-92) (41-97) (51-92) (62-92)

Photosensitizing agent 10% ALA 20% ALA

Indoor incubation time (min) 30 120 120 240

Outdoor treatment time (min) 90 30 10,42 (2-60) 12 min/field

Measured brightness NA 48,63 (7-71) 46,67 (2-92) NA

(mW/cm?)

Treatment dose (J/cm?) NA 87,5 19,47 37

(12,6-127,8) (7,2-54)

Complete Remission (CR) 73,01 (46) 63,33 (19) 84,93 (62) 59,09 (13)

% (n)

Partial Remission (PR) % (n) | 26,98 (17) 36,66 (11) 15,07 (11) 31,82 (7)

Stable disease (SD) % (n) 0 0 0 9,09 (2)

Progressive disease (PD) % 0 0 0 0

(n)

Pain (VAS scale: 0-10) 0,3 (0-5) 2,13 (0-10) 0 6,94 (3-10)

Patients under pain relief (n) 0 0 0 21

Table 8. Patient characteristics, treatment parameters and outcomes in studies with d-PDT and c-

PDT [64].

4.2.2. Comparing conventional and daylight photodynamic therapy

We compared the results of the recently performed studies with d-PDT and the earlier
conducted investigations with c-PDT in our departement [64]. There was no significant
difference in efficacy between treatments based on the international d-PDT protocol used in
our PDT-DLIGHT-001 trial and the modified protocol used in PDT-DLIGHT-003 (p = 1).
The d-PDT performed according to the PDT-DLIGHT-003 study protocol was significantly
more effective compared to c-PDT in the prevoius trial by Gaal et al. (p = 0.003, khi-square
test) (Figure 9.). The khi-square test showed a significant difference in CR rates between the
four groups (p = 0.003), with the PDT-DLIGHT-003 protocol leading to the highest
proportion (84.9%) of patients reaching CR. A significant chi-squared test for comparison
of complete remission rates showed a significant difference (p = 0.045) between the PDT-
DLIGHT-003 protocol (84.9%) and the c-PDT protocol (59.1%) with Benjamini-Hochberg

correction, favouring d-PDT.
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Distribution of complete and partial remission of actinic
keratoses in clinical trials

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
l-es 2-es 3-as Conventional PDT

CR B PR

Figure 9. Complete and partial remission in AK with d-PDT and c-PDT.

Statistical analysis showed that there was a significant difference between the pain scores in
the four groups (p < 0.001, Kruskal-Wallis test). Dunn's post-hoc analysis showed that the
pain scores were significantly higher (p < 0.001) in the c-PDT previously performed in our

department by Gaal M. et al., than in our current d-PDT studies (Figure 10.).

Pain intesity according to VVAS scale in clinical trials
80
70
60
50
40
30 ———
20
. -
0
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071 72 W3 W4 W5 W6 M7 H8 W9 W10

Figure 10. Pain scores on the VAS scale with d-PDT and c-PDT. Darkening of the colour indicates
increasing pain.
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4.2.3. Adaptation of the international treatment protocol of daylight photodynamic therapy
We conducted three clinical trials with d-PDT. In the PDT-DLIGHT-001 trial using the
international treatment protocol for dPDT, we achieved complete remission in 73% of AKs
and partial remission in nearly 27%. For our elderly patients the procedure was difficult to
tolerate, because they had to spend 90 minutes under natural daylight. Our protocol was
subsequently modified, and we changed the proportion of time spent indoors and outdoors,
while the overall length of treatment did not change significantly (120 minutes versus 150
minutes).

In the PDT-DLIGHT-002 trial we achieved similar efficacy with the modified protocol, CR
in two third and PR in one third of AKs. However, d-PDT with a 30 minutes outdoor
treatment time resulted in adverse events. 30% of our patients presented to our department
with severe erythema within 24 hours of treatment. Analysis of treatment doses showed that
severe erythema occurred in patients who received doses above 100 J/cm?2. Our protocol was
further modified in order to avoid high treatment doses. We incorporated dosimetry to
measure the light intensity and calculated the treatment time patients needed to spend
outdoore. In our subsequent study (PDT-DLIGHT-003), the average treatment dose was
around 20 J/cm? and the average treatment time was around 10 minutes. We observed
complete remission in 85% of AKs and partial remission in 15%.

Based on previous protocols and on our own findings, after step by step modification we
have developed a local protocol for d-PDT in Szeged and a detailed explanation with pictures
about the procedure for patients (Table 9., Figure 11.). We introduced the local protocol for

d-PDT in AK into the daily dermatological practice at our departement.
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Figure 11. Explanation of the d-PDT treatment for patients with pictures.

Steps of the treatment

Details

Preparation of the treatment
area on the skin.

Remove the hyperkeratosis from the treatment area by curettage
to facilitate the penetration of the photosensitizing agent into the
skin.

2. | Application of a sunscreen.

Apply on the treated and surrounding area chemical sunscreen
with high SPF (30+).

Application of the

Apply 10% ALA cream in a thin layer on the treatment area,

and after-care.

3. photosensitizing drug. without occlusion. Incubation time indoors is 120 min.
Use dosimetry to measure daylight intensitiy, and avoid high
4 Illumination by natural treatment doses (100 J/cm?).
" | sunlight. (Keep average outdoor time in summer around 10 min.)
Rain, temperature 10 °C| or 35 °C1: d-PDT has to be postponed.
5 Removal of photosensitizer Remove the photosensitizer form the skin surface following

treatment. Advice skin soothing cream and sun protection.

Table 9. Simplified local treatment protocol in Szeged for d-PDT in AK.

36




5. DISCUSSION

5.1. Calcium electroporation in the treatment of cutaneous metastases

Ca-EP is a method for the treatment of local solid tumours in which short, high-voltage
electrical pulses delivered to the tumour after intratumoral administration of calcium
temporarily permeabilize the cell membrane, facilitating the passage of calcium molecules
into the cell.

Effect of calcium electroporation on tumour cells (in vitro, in vivo)

Ca-EP has been tested in vitro on 18 different cell lines (12 tumour and 6 normal cell lines),
all of which have shown a cell death inducing effect of calcium in combination with EP [34,
37, 38, 40, 65-68]. Ca-EP has similar effects to bleomycin-based ECT, but no synergistic
effect is observed when calcium and bleomycin are combined before EP [33].

When calcium was applied at individual concentrations up to 5 mM, the treatment had no
effect, and no change was observed at levels up to 20 mM in 2 cell lines. Although some
effects were observed with bleomycin treatments, the magnitude of these effects was much
smaller than when combined with electroporation [40, 42]. In vivo studies of Ca-EP were
performed on subcutaneous tumours induced in immunodeficient mice in 5 different human
tumour types (bladder cancer, breast cancer, colon cancer, small cell lung cancer and
rhabdomyosarcoma). In addition, tumours (colon adenocarcinoma, melanoma) from
immunocompetent or immunodeficient rodents have also been investigated [40, 67].

Cell death occurred in all the tumours tested, but with different sensitivity. Small cell lung
cancer was found to be the most sensitive (CR = 89%) of the tumours treated in
immunodeficient mice [23]. Colon tumours treated in immunocompetent mice were more
sensitive (CR = 100%) compared to those treated in immunodeficient mice [67], suggesting
a role for Ca-EP-induced immune response.

Ca-EP and its effects on normal skin and muscle tissues were tested in vitro on 6 normal cell
lines. The difference between the effects of Ca-EP on normal and tumour muscle cells were
compared in two in vitro studies. The rate of cell death was significantly lower in normal
muscle cells compared to tumour cells [68, 65]. The extent of cell death showed significantly
lower values in normal muscle cells compared to cancer cells. In in vitro studies in a
suspension of normal human umbilical vein endothelial cells, Chinese hamster ovary cells

and human primary dermal fibroblasts, the Ca-EP induced cell death in normal cells [37,
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40]. In studies of human breast, bladder and colon cancer (3D spheroid), cell death occurred
in all three cases with less effect on normal cells [36]. The results were confirmed in in vivo
studies in mice, where normal cells around the tumour were less affected compared to
tumour cells treated with Ca-EP [23]. Similar to what was observed in ECT, normal cells are
less sensitive to Ca-EP than tumour cells [24]. The extracellular ATP store in both normal
and tumour cells is depleted within 72 hours, which normal cells are able to survive. As with
ECT, in vitro and in vivo studies have shown that Ca-EP exerts a vascular effect on both
normal and tumour blood vessels [25, 40, 41]. The resulting vascular lock, by holding the

injected substance in place, contributes significantly to the effect exerted by Ca-EP.

Clinical studies comparing the efficacy of calcium electroporation and bleomycin-based

electrochemotherapy

A double-blind, randomized, controlled trial was conducted at our department between
October 2016 and June 2018 to compare the efficacy of Ca-EP and bleomycin-based ECT
in skin metastases in 7 patients. This was the second clinical trial evaluating the efficacy of
Ca-EP.

Patients included in our study were treated for at least one, and up to 10, histologically
confirmed malignant melanoma or breast cancer metastases of 0.5-3 cm in size. After
randomization, patients received either calcium or bleomycin intratumorally, followed by
reversible EP. Six months after treatment, based on clinical and histological tumour response
assessment, Ca-EP with bleomycin-based ECT achieved comparable efficacy to bleomycin-
based ECT in eradicating tumours with a better side effect profile than ECT. CR after Ca-
EP was confirmed by histological examination.

Seven patients with a total of 44 skin metastases (34 melanoma malignum, 10 breast cancer)
were included in the clinical trial. Eleven metastases were taken for biopsies, 33 metastases
were randomized and treated once. The OR was 33% (6/18) for Ca-EP and 53% (8/15) for
bleomycin-based ECT, with overall response rates of 22% (4/18) and 40% (6/15),
respectively. CR was confirmed by histopathological examination in both arms. No serious
adverse events were recorded. CTCA grade | adverse events such as ulceration and
hyperpigmentation were more frequent during bleomycin-based ECT than after Ca-EP. The
effect of Ca-EP was "non-inferior" compared to bleomycin-based ECT. Our results suggest
that Ca-EP is an effective and safe procedure for the treatment of cutaneous metastases

located on the skin.
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In the first clinical trial with Ca-EP in Denmark, 7 patients (6 breast cancer and 1 MM) were
treated for skin metastases [62]. There was no significant difference in OR between Ca-EP,
72% (66% CR) and ECT 84% (68% CR). In this study, Ca-EP proved to be "non-inferior"
and only mild side effects were observed with both treatment arms, such as ulceration of the
treated area similar to those observed in our study (Table 7.).

The higher response rate in the first Danish study could be explained by the different
histological type of the treated skin lesions and by the use of different electrodes. In our own
study, we treated mainly malignant melanoma metastases (81.8%, n = 27), whereas in the
Danish study the number of melanoma metastases was low (5.4%, n = 2).

In our clinical trial, 89% (24/27) of the treated melanoma metastases were BRAFV600E
wild-type (WT). One study found bleomycin-based ECT to be more effective in melanoma
showing BRAFV600E mutations compared with BRAF-WT tumours [69]. In both of the
randomised clinical trials performed, this may explain the lower response rate than previous
results, which requires further investigations on molecular level.

Another difference between the two clinical trials was the type of electrodes used. In our
study, mainly (63.6%) hexagonal electrodes were used, whereas in the first study only linear
electrodes were utilised. The electric field distribution is known to differ between linear
(smaller diameter) and hexagonal electrodes. For this reason, the field distribution is more
symmetric and less cold spots are observed with linear electrodes [70, 71]. Although no
significant difference was observed due to the small number of cases, Ca-EP was more
effective with linear electrodes (p = 0.30). In preclinical studies, increasing the electric field
up to 0.8-1.0 kV/cm during Ca-EP significantly decreased ATP levels and the cell viability
[35, 42]. This may explain the observed discrepancy, as the electric field was 1000 V/cm
with linear and 910 V/cm with hexagonal electrodes. Further studies are needed to fully
explore this issue.

There was no significant difference in the current delivered between the two treatment arms
in any of the clinical trials. The difference may be more relevant in the treatment of large
tumours. In our study, only grade | local adverse events were observed in both treatment
arms. Both ulceration and hyperpigmentation occurred more frequently after bleomycin-
based ECT (20% and 40%) than during Ca-EP (both 11%). Our observations were similar
to the results of the first study: ulceration during Ca-EP affected only the tumour region,
sparing the surrounding normal skin. None of the lesions treated with Ca-EP in the first study

showed hyperpigmentation, which may be related to the exclusive use of linear electrodes.
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Limitations of our study include the low number of metastases evaluated and the fact, that
different electrodes (hexagonal or linear) were used for the treatments.

Adverse events of calcium electroporation

Ca-EP has a similar adverse event profile to bleomycin-based ECT, with the difference that
the flu-like symptoms associated with chemotherapeutic agents do not occur with Ca-EP,
and the treated skin rashes are less hyperpigmented. When the electrical pulses are delivered,
there may be brief contractions in the muscles underlying the treated area. With local
anaesthesia, muscle contractions may be uncomfortable. The treated area may show
erythema, oedema and in some cases necrosis, which heals in 6-10 weeks. If necessary,
painkillers or antibiotics could be used in the case of over-infection, in accordance with
current guidelines.

The most commonly reported side effects of bleomycin-based ECT are post-operative pain
(10%) and flu-like symptoms (10%). As the latter is due to bleomycin, this is not expected
with Ca-EP. No CTCA stage 3-4 adverse events have been recorded [12].
Hyperpigmentation during bleomycin-based ECT occurred in 7% of cases [72], while after
pooling the results of the first two clinical trials [62], it occurred in 5.55% of cases during
Ca-EP (Table 7.).

5.2. Daylight photodynamic therapy in the treatment of actinic keratoses

AK was first described by Dubreuilh in 1826 [73, 74]. Clinically it presents on the UV
exposed skin, and has different clinical forms (hypertrophic, atrophic, lichenoid,
acantholytic and pigmented). Frequent localizations are the face and scalp, but AK can also
occur on the back of the hands, forearms and shin. Usually it appears as a reddish-brown
plaque on the skin with varying degrees of hyperkeratosis, and the severity is classified into
three grades of (grade I-111). AK is often multiple and invades extensive areas of the skin
surface, which is known as field cancerization. The diagnosis of AK is based on the clinical
and dermoscopic findings, histological verification is performed only in certain cases [75].

Predisposing factors for the development of AK include cumulative UV exposure, fair skin
type (Fitzpatrick I, I1), advanced age, chronic exposure to arsenic or tar, immunosuppression
(e.g. solid organ transplant recipients, hematology patients), human papilloma virus (HPV)

infection and certain genodermatoses (e.g. xeroderma pigmentosum).

40



Although we can not predict which AK will progress towards invasive SCC, it is a fact, that
60-80% of invasive SCCs arise from AK. Therefore treatment of AK is of high importance,
and PDT is a promising option [58, 59]. Compared to conventional PDT, daylight PDT is a
simplified treatment procedure. In c-PDT, the photosensitizer is incubated on the skin for
three hours in occlusion, while in d-PDT it is incubated for 30 minutes without occlusion.
Another important difference is, that d-PDT uses the natural sunlight for the excitation of
the photosensitizer, while c-PDT an artificial light source. Probably the major advantage
compared to c-PDT is, that there is significantly less pain associated with d-PDT. The
international protocol for d-PDT treatment is based on clinical trials conducted in centres
mostly located in Northern Europe [46, 51, 52]. As d-PDT is performed in the open air and
weather conditions may affect the feasibility, efficacy and tolerability of the treatment, it is
necessary to adapt the protocol of the method to the local climatic conditions.

The aims of our work were to study the efficacy, safety and tolerability of d-PDT for the
treatment of AK, and to introduce the intervention in our department. We used the
international protocol of d-PDT and modified it step by step according to the results obtained
during clinical trials in local climatic conditions [46, 51, 52].

We conducted three clinical trials with d-PDT. The average age of the patients in our clinical
trials was around 75 years. We started to use the international protocol and based on
tolerability, we modified first the the proportion of time patients spent indoors (from 30 to
120 min) and outdoors (from 90 to 30 min), while the overall length of treatment did not
change significantly. Later, we introduced dosimetry to avoid high treatment doses. With
our final protocol of d-PDT, the average treatment dose was around 20 J/cm? and the average
treatment time was around 10 minutes. We found that performing d-PDT in AK with the
modified protocol - optimizing the time spent outdoors and aiming for lower treatment doses
- did not change the efficacy of the intervention, but was better tolerated by the elderly
patient population.

We also compared results with using d-PDT to previous study results with c-PDT in our
department, reported by Gaal et al. [45, 64]. We confirmed previus literature findings, that
d-PDT was similarly effective but less painful compared with c-PDT.

Finally we have developed a local protocol for d-PDT in Szeged, and a description about the
procedure for patients using pictures (Table 9., Figure 11.). Based on our protocol, the first
step of d-PDT is to remove the hyperkeratosis from the skin area to be treated. A high factor
sunscreen is recommended to be applied to the treatment area and to the surrounding skin.

The treatment involves incubation of an extemporary formulated cream containing 10%
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ALA on the skin for 120 minutes without occlusion. The upper threshold of the treatment
dose is 100 J/cm?, while taking into account the literature data, the lower threshold is 8 J/cm?
[55]. In our studies, lesions treated with doses below and above 15 J/cm? showed no
difference in clinical responses (CR and PR). Therefore, our we recommend to use lower
treatment doses in d-PDT and avoid doses above 100 J/cm?. To measure the actual light
intensity, we recommend the use of dosimetry. From the light intensity and required
treatment dose, it can be calculated how much time patients should spend outdoors. During
summer time this time is recommended to keep around 10 minutes. Based ont the climatic
conditions, we found it optimal in our region to carry out d-PDT between May and October.
In rainy weather, and if the temperature outside is below 10 °C or above 35 °C, the treatment
has to be postponed.

PDT was first used to treat cutaneous and subcutaneous tumours in 1978. The technique has
evolved considerably since then, and innovation continues today. The use of d-PDT is
hampered by certain weather conditions, which in some countries significantly limits its
applicability [76, 77]. To overcome this problem, d-PDT has been tried in a greenhouse and
indoors using light sources that simulate sunlight [78]. Wrist-mounted personal electronic
dosimeters (wristwatch, SunSaver UV dosimeter) have been also developed to measure the
light intensity required to determine the treatment dose. The importance of d-PDT for home
use was already outlined and has been confirmed by the COVID19 pandemic. Treatment at
home by the patient is facilitated by an app (SmartPDT) that can be downloaded to a
smartphone [79]. The app determines the ideal day of treatment and the time to spend
outdoors by satellite-based near real-time dosimetry measurements. Both the patient and the
treating physician can monitor the treatment conditions and parameters using the app. It is
also possible to upload a photo of the treated skin lesion, which allows the dermatologist to

assess whether further treatment is necessary in the context of teledermatology.
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6. CONCLUSIONS

The use of electrochemotherapy and photodynamic therapy in the treatment of skin tumours

has undergone significant incremental innovations in the past decades. Two examples are

the calcium electroporation and the daylight photodynamic therapy. Based on the results and

new findings of our resent scientific work, both methods are promising to use in the routine

dermato-oncological care.

6.1. Calcium electroporation in the treatment of cutaneous metastases

1.

With Ca-EP similar efficacy was achieved in tumour eradication with a better adverse
event profile than with bleomycin-based ECT. Our results confirmed the findings of the
first clinical trial, that Ca-EP is "non-inferior” to bleomycin-based ECT in the treatment
of cutaneous metastases [62].

Clinical complete remission after Ca-EP was confirmed for the first time by histological
examination.

Given the growing number of cancers worldwide, Ca-EP may be a new, effective, and
safe treatment for skin tumours, especially in patients for whom the use of

chemotherapeutic agents are contraindicated.

6.2. Daylight photodynamic therapy in the treatment of actinic keratoses

1.

We confirmed, that daylight PDT is effective in the treatment of AK under the local
climatic conditions.

Daylight PDT in the treatment of AK is safe and well tolerated by our patients. We
improved tolerability and safety of the method by reducing the time patient need to spend
outdoor and by using dosimetry. The method is related with less pain compared to
conventional PDT [64].

Daylight photodynamic therapy performed according to our modified version of the

international treatment protocol was successfully introduced in our department.
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Abstract: Calcium electroporation (Ca-EP) is a new anticancer treatment providing similar features
to electrochemotherapy (ECT). The aim of our study is to compare the efficacy of Ca-EP with
bleomycin-based ECT. This double-blinded randomized controlled phase II study was conducted at
the Medical University of Szeged, Hungary. During this once only treatment up to ten measurable
cutaneous metastases per patient were separately block randomized for intratumoral delivery of
either calcium or bleomycin, which was followed by reversible electroporation. Tumour response was
evaluated clinically and histologically six months after treatment. (ClinicalTrials.gov: NCT03628417,
closed). Seven patients with 44 metastases (34 from malignant melanoma, 10 from breast cancer)
were included in the study. Eleven metastases were taken for biopsies, and 33 metastases were
randomised and treated once. The objective response rates were 33% (6/18) for Ca-EP and 53%
(8/15) for bleomycin-based ECT, with 22% (4/18) and 40% (6/15) complete response rates, respectively.
The CR was confirmed histologically in both arms. Serious adverse events were not registered.
Ulceration and hyperpigmentation, both CTCA criteria grade I side effects, were observed more
frequently after bleomycin-based ECT than for Ca-EP. Ca-EP was non-inferior to ECT, therefore,
it should be considered as a feasible, effective and safe treatment option.

Keywords: calcium electroporation; bleomycin-based electrochemotherapy; cutaneous metastases;
melanoma malignum; breast cancer; randomization; biopsy; non-inferiority

1. Introduction

Bleomycin-based ECT is a widely used method for the treatment of cutaneous tumours from all
histologies [1-6]. During ECT, a chemotherapeutic drug, usually bleomycin, is electroporated into the
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tumour cells, resulting in an increased cytotoxic effect. A recent meta-analysis of ECT in a palliative
setting found a complete response (CR) rate of 46.6% and objective response rates (ORR) of 82.2%,
regardless of the tumour type. Beyond its effectiveness, ECT is a repeatable and minimally invasive
intervention that reduces symptom burden [7].

With the goal of reducing the risk of possible adverse events, the chemotherapeutic drug
(bleomycin) is replaced with calcium in calcium electroporation (Ca-EP). Notably, calcium might be
an effective option in cases where the administration of a chemotherapeutic drug is contraindicated.
It was also expected that the use of Ca-EP will simplify the procedure and lower the treatment cost.

The mechanism of action and the anticancer efficacy of Ca-EP have been confirmed in preclinical
studies. During Ca-EP treatment, electroporation increases intracellular calcium concentration, leading
to increased ATP consumption. Additionally, the treatment leads to further loss of ATP production
by opening permeability transition pores in mitochondrial membranes. This ATP depletion, together
with other cellular effects, causes cell death [8].

The features of Ca-EP are very similar to ECT: they are both selective to tumour cell, the same
pulsing conditions can be used for both procedures, and both have an anti-angiogenic effect in vitro
and in vivo on both normal and tumour blood vessels [9,10]. It has also been demonstrated that Ca-EP
initiates a systemic immune response. Thus, Ca-EP has the potential to replace bleomycin with calcium
in electroporation treatments.

The first clinical trial of Ca-EP in humans was published recently [11]. The method was used with
seven patients (six with breast cancer, one with malignant melanoma), and safety and non-inferiority
in comparison with bleomycin-based ECT was proven.

To provide additional evidence on the efficacy and safety of Ca-EP, we decided to conduct a
clinical trial. The aim of this study is to evaluate safety and efficacy of Ca-EP and to compare it with
bleomycin-based ECT for cutaneous metastases.

2. Materials and Methods

This non-inferiority, phase II, double blinded, randomized confirmatory study investigated the
efficacy of Ca-EP in comparison with the currently approved bleomycin-based ECT procedure for the
treatment of cutaneous metastases. The study protocol was authorized by the Health Registration
and Training Centre on 3 May 2016 and registered under the case number 032104/2016/OTIG. It was
approved by the national and institutional ethical review boards (SZTE Regional Institutional Ethics
Committee (23 May 2016, license no. 3806; registry no. 98/2016-SZTE). Patients provided written
informed consent before enrolment.

The primary endpoint of the study was to compare the tumour response of cutaneous metastases
after application of Ca-EP and ECT with the administration of intratumoral bleomycin. Tumour
response was evaluated similar to response evaluation criteria in solid tumours (RECIST), v1.1,
on each treated metastasis by clinical examination and digital photo documentation before and
after treatment. The secondary endpoint was to evaluate and grade the toxicity of Ca-EP similar to
Common Terminology Criteria for Adverse Events (CTCAE), version 4.0. The third endpoint was the
measurement of the maximum safe and effective delivery of current to metastases using Ca-EP and
bleomycin-based ECT.

Patients enrolled in the study had at least one histologically confirmed metastasis of 0.5 to 3 cm
in size that was accessible to electroporation. A maximum of 10 cutaneous metastases per patient
was included in the trial. Depending on the number of metastases present on the patient, one to
six metastases were randomized into one of the two treatments and to the right or the left arm for
evaluating response. Calcium was administered intratumorally to tumour(s) of one arm and bleomycin
to the other and administration was immediately followed by electroporation of tumours on both arms.

Patient inclusion criteria were as follows: age >18 years, World Health Organization (WHO)
performance status <2, life expectancy more than 3 months, platelet count >50 billion/L, international
normalised ratio (INR) <1.5, and a period of more than 2 weeks of without treatment [12]. Only medical
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cancer treatments (endocrine treatment, targeted treatment and radiotherapy to another area) were
allowed. If there was no regression of cutaneous metastases, the continuation of vinorelbine,
capecitabine or paclitaxel therapies were allowed. Patients were excluded from the trial if they
had severe allergic reactions associated with bleomyecin or if they previously received a dose of
bleomycin that was more than 200,000 units/m?. Pregnancy and lactation were also reasons for
exclusion. Previously irradiated cutaneous metastases and concomitant treatments were recorded.
The intervention was performed after oncological recommendation.

2.1. Randomization and Blinding

A clinical pharmacologist, who was independent of all the parties concerned with the study, was
in charge of randomisation and kept the randomisation list secure, with the task of providing limited
access only in case of emergency. The numbered metastases in each patient were block randomised 1:1
separately into the two treatment arms with the nQuery Adviser 7.0 computer program. The drugs to
be given for each metastasis were prepared and labelled by a clinical pharmacologist. There was no
need to cover the content of the ready syringes, as both bleomycin and calcium-chloride are colourless.

2.2. Procedure

The concentration of calcium chloride was estimated to be 220 mmol/L (9 mg/mL) from preclinical
studies [9,12-14] and of bleomycin was 1000 IU/mL.

The volume to be injected was calculated according to the volume of the tumour. The drug
volume for large tumours (>0.5 cm®) was 0.5 mL/cm?, while for small tumours (<0.5 cm®) the volume
was amended to 1 mL/cm®. Tumour volume was calculated as ab271/6, where a = longest diameter,
b = longest diameter perpendicular to a.

Electric pulses were generated using a Cliniporator device (IGEA, Carpy, Italy) according to
the standard operating procedures of the electrochemotherapy (ESOPE) guidelines. Linear needle
electrodes (8 pulses of 400 V and 1000 V/cm, of 0.1 ms duration, at a frequency of 5 kHz) and hexagonal
needle electrodes (4 pulses of 730 V and 910 V/cm, of 0.1 ms duration, at a frequency of 5 kHz) were
used according to the tumour size and location. The anaesthesia during the procedure was either local
or general, as planned during the consultation between the physician and the patient. Lidocaine with
epinephrine was used as local anaesthetic and was injected in a square around the nodule. Changes in
the response to anaesthesia were not observed.

Patients underwent the treatment once and were followed for 12 months with scheduled visits (7,
15, 30, 60, 90, 180 and 360 days after the treatment session).

At each follow up visit, the tumour response was evaluated clinically, and photos were taken.
Response was categorised according to criteria similar to RECIST guidelines 1.1 as follows: complete
response (CR), disappearance of all target lesions; partial response (PR), at least a 30% decrease in
the sum of the longest diameter of target lesions; stabile disease (SD), neither sufficient shrinkage to
qualify for PR nor sulfficient increase to qualify for progression; and progression of the disease (PD),
at least a 20% increase in the sum of the longest diameter of target lesions [15].

The randomization code was revealed 6 months after treatment and biopsies were taken from
both calcium- and bleomycin-treated lesions. All biopsies were analysed by a histopathologist for the
amount of tumour tissue, inflammation, fibrosis and necrosis.

Safety was evaluated with physical examinations and blood tests before and after treatment.
Quality of life (QOL) score (0-100%) was also evaluated before and after the treatment. A numeric
rating scale (NRS) (0-10) was used for assessing pain [16]. The Common Toxicity Criteria for Adverse
Events, version 4.0, was used to register possible adverse events [17].

All Participants Assessed the Primary and Safety Analyses

The statistical analyses were performed using IBM SPSS, v24, software and R statistical program.
Tumour response was analysed using Fisher’s exact test on objective response 6 months after treatment,
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Mann-Whitney test was used to measure the difference in delivered current between calcium-EP and
bleomycin-based ECT, and the 2-sided 95% CI was used to measure the difference in outcome between
the two groups [18]. For dimensioning the required number of cutaneous metastases, a non-inferiority
study analysis was used: calculated with a significance level of 0.05 and a power of 80%, the results
indicated that a minimum of 28 evaluable tumours were needed [19]. Taking into consideration the
results of the previous clinical trial for the treatment of Ca-EP on cutaneous metastases as well as
the basis of preclinical studies, a 20% non-inferiority margin was preset to detect a clinical difference
between the two treatment arms.

3. Results

Seven patients (5 females, 2 males) with a total of 44 cutaneous metastases (34 from melanoma
malignum and 10 from breast cancer) were enrolled in the clinical trial between October 2016 and June
2018 (Figure 1). Six patients had cutaneous metastases of malignant melanoma, localized on the lower
extremity and one patient had metastases of breast cancer, localized on the trunk (Table 1). The patients
median age was 73 years (Interquartile range: IQR = 21). Thirty-three metastases were randomized
into the two treatment arms (left or right) of the study and were evaluated for clinical response,
whereas 11 lesions were taken as biopsies (Figure 2). Eighteen of the randomized metastases were
treated with Ca-EP (15 melanoma malignum cutan metastases, 3 breast cancer metastases) and 15 with
bleomycin-based ECT (12 melanoma malignum cutan metastases, 3 breast cancer metastases). Six (18%)
of the 33 randomized cutaneous metastases were located on a previously irradiated area (2 lesions were
treated with Ca-EP, and 4 lesions with bleomycin-based ECT). According to the 33 response-evaluated
metastases, the median was 7 mm (IQR = 5) of the largest diameters. The median injected volume for
Ca-EP was 0.0855 mL (IQR = 0.1924), and 0.132 mL (IQR = 0.27) for bleomycin-based ECT (Table 2).

44 enrolled cutaneous

metastases

11 cutaneous metastases used for

biopsies before and 7 days
after treatment

33 randomized cutaneous

metastases

l l

18 cutaneous metastases treated with Ca-EP | | 15 cutaneous metastases treated with bleomycin-based

l l

| Randomization code was revealed (day 180) ‘

l I

18 cutaneous metastases treated with Ca-EP evaluated for 15 cutaneous metastases treated with bleomycin-based
response (primary endpoint) ECT evaluated for response (primary endpoint)

7 cutaneous metastases
used for bioosies

6* cutaneous metastases
used for bioosies

* One patient had only one treated metastasis

Figure 1. Trial profile. Illustration of trial profile. Further results are described in detail.
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Table 1. Baseline demographic and clinical characteristics of the patients.
Sex Primary Tumour ~ Location of Cutan Numberge Years Since Concomitant
Patient Age (year) Ct PR Metastases Diasncai Previous Therapy Treatment

8510 Included/Evaluated gnosis.
3 iy pT3b, ALM, BRAF-WT lower extr. n 1 - -

Female Breast: HER2-, ER+, Epi-txt, Letrozole,
3 i PeRY trunk 10/6 56 ORI Letrozole

PT3b, NM, BRAF-WT,

Female satellite met. adj. [FN,

3% 83 Ing. sentinel: pos. lopeegexts % 7 radiotherapy, ECT #
BD: negative
4 FE:‘;'“ pT3b, SSM lower extr. 33 2 adj. TEN %
5. Femdle ploay ALM,BRABWAT lower extr. 1006 45 ECT «
83 Ing. sentinel: neg.
6. Fe'&“]’ pT2a, SSM, BRAF-WT lower extr. 66 275 s s
Male = adj. TFN, .
7 . pT3a, ALM, BRAF-WT lower extr. 5/5 38 sy
5 Females, 2 Males ] . Mean
Total mean: 70 MG RRAR WESS Slomerent 44733 38 various
(o =11.4891) a (0=19329)
MM: ALM: acral extr.: NM: nodular SSM: sup spreading BD: block dissection, BRAF WT: BRAF wild

type; IFN: interferon; o: standard deviation.
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Table 2. Results of the current study in

with the study published in 2018.

60of 14

Atk Ava Calcium-Electroporation ycin-Based El h py
Current Study 2018 Study Total Current Study 2018 Study Total

Lesion characteristics
Tumour size
Median of the largest diameter, mm 6.5 (5-30) 9.5 (5-18) 7 (5-25) 11 (4-25)
Tumour type
Malignant melanoma 15 1 16 12 1 13
Breast cancer 3 17 20 3 18 21
Previously irradiated lesions, n 2 8 10 4 7 n
Location
Lower extremity 15 4 19 12 4 16
Trunk 3 14 17 0 15 15
Upper extremity 0 0 0 3 0 3
Treatment
Median doses (range), mL. 0.085 (0.042-3.14) (o.o%—zf. - ( 002;%?475) 0 0';'?&55)
Median delivered current (range), A 3.85(1.4-9) 3.4(0.9-82) 4(1.4-6.5) 2.8 (1-9.6)
g:tmieg‘;gfxm“‘ wititlineas 12259 34(09-83) 505 (4-61) 28(1-96)
x::;imiﬂi;’;gfx’““’ withhexagonal 25(1.4-42) NA 2.75 (1.4-36) NA
Median number of applications (range), n 1(1-6) 3(1-7) 1(1-3) 3(1-7)
Electrodes
Linear 39% (7) 100% (18) 33% (5) 100% (19)
Response (CR) for linear electrode subgroup 14% (1) 66% (12) 0 68% (13)
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Table 2. Cont.

Calcium-Electroporation 1 ycin-Based El; h Y
Treatment Arm
Current Study 2018 Study Total Current Study 2018 Study Total
Lesion characteristics
Hexagonal 61% (11) 0 67% (10) 0
Response (CR) for hexagonal electrodes 27% (3) NA 60% (6) NA
subgroup
Response
Complete response, percent (11) 4 12 44.44% (16) 6 13 55.88"% (19)
Partial response, percent (1) 2 1 8.33% (3) 2 3 14.7% (5)
Stable disease, percent (1) 6 3 25% (9) 5 0 14.7% (5)
Progressive disease, percent (1) 6 2 22.22% (8) 2 3 14.7% (5)
Adverse events
Ulceration, percent (1) 2 7 25% (9) 3 13 47.05% (16)
Itch, percent (1) 0 1 77% (1) 0 5 14.7% (5)
Hyperpigmentation, percent (1) 2 0 5.55% (2) 6 5 32.35% (11)
Exuding, percent (1) 0 2 5.55% (2) 0 2 5.88% (2)
Current study: Evaluation of calcium electroporation for the treatment of cutaneous metastases; a double blinded randomized lled phase T trial, D of De logy and
Allergology, University of Szeged (ClinicalTrials gov: NCT03628417). 2018 study: Calcium electroporation for treatment of cutaneous metastases; a randomized double-blinded phase Il
study, comparing the offect of calcium poration with electrachemotherapy, Denmark [11].
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Figure 2. Histology from biopsies before and 7 days after treatment. Biopsies before and one week
after treatment. (A-C) Patient nr. 5 with MM. A: Pre-treatment biopsy: Extensive tumour infiltration,
mild fibrosis, moderate lymphocytic inflammation, no necrosis. The tumour cells show diffuse MelanA
positivity. (B) Day 7. Post-treatment with Ca-EP: Partly ulcerated skin, moderate tumour infiltration and
fibrosis, mild inflammation, no necrosis. Only scattered MelanA positive tumour cells. (C) Day 7. Post
treatment with bleomycin-based ECT: Partly fragmented, ulcerated skin with pseudoepitheliomatous
hyperplasia of the epidermis, moderate fibrosis and inflammation, no necrosis. Focal MM nests with
MelanA positivity. (D-F) Patient nr. 2 with breast cancer. (D) Pre-treatment biopsy: Extensive breast
cancer infiltration without fibrosis, inflammation and necrosis. The tumour cells are CKAE1/AE3
positive. (E) Day 7. Post-treatment with Ca-EP: Focal tumour infiltration, very mild inflammation no
fibrosis or necrosis. (F) Day 7. Post treatment with bleomycin-based ECT: Dispersed tumour cells with
CKAE1/AES3 positivity, mild inflammation, no fibrosis or necrosis. MM: malignant melanoma, CK:
cytokeratin. Histological photos: digital scanning with magnification approximately 5-20x.

Four of the procedures were conducted under local, and three of them under general anaesthesia.
Hexagonal needle electrodes were used for electroporation of 21 metastases, (63.6%), whereas linear
electrodes were used for 12 lesions (36.4%). Of the 18 lesions receiving Ca-EP, 11 were treated with
hexagonal (61.1%) and 7 with linear electrodes (38.9%), respectively. Of the 15 lesions receiving
bleomycin-based ECT, 10 were treated with hexagonal electrodes (66.7%), and 5 with linear electrodes
(33.3%).

3.1. Tumor Response

The ORR for Ca-EP was 33% (CR = 22%; PR = 11%) and for bleomycin-based ECT was 53%
(CR = 40%; PR = 13%) (Figure 3). The difference was not significant neither in OR (p = 0.30) nor in CR
(p = 0.45) between Ca-EP and bleomycin-based ECT. After 6 months, 33% (6 of 18) metastases treated
with calcium, and 13% (2 of 15) metastases treated with bleomycin had progressed. The two-sided
95% CI for the outcome difference between the two groups was —13.3%-53.3%. There was no
significant difference in response between previously irradiated and non-irradiated lesions (p = 0.37).
Six months after treatment, the randomization code was revealed, and 6 biopsies (3 from Ca-EP, 3
from bleomycin-treated lesions) taken from the 13 tumours exhibited a clinically CR. For 5 of these 6
biopsies, a CR was confirmed by histology (Figure 4). No tumour cells were identified in the 3 lesions
treated with Ca-EP and in 2 of the lesions treated with bleomycin-based ECT.
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Figure 3. Change in tumour size over time. Metastases were treated at day = 0 with either i.t. calcium
and or i.t. bleomycin in a randomized double-blinded study design. Patients received only one
treatment and response was evaluated 6 months after treatment, after the randomization code was
revealed. Change in size over time; the graph illustrates the percent change in tumour size recorded
6 months after treatment. The two non-measurable metastases treated with calcium-chloride and
bleomycin were irradiated, and are not included in the graph, but were included in the response
analysis as PD.

A

Figure 4. Histologically confirmed complete remission 6 months after Ca-EP. Tumour cells were not
identified 6 months after Ca-EP neither in malignant melanoma (A) nor in breast cancer metastases (B).
A: patient no 3, Ca-EP treated clinically CR melanoma malignum cutaneous metastasis. B: patient no 2,
Ca-EP treated clinically CR breast cancer cutaneous metastasis. Histological photos: digital scanning
with low magnification.

Regarding tumour response and the type of electrode, we observed differences between the
two treatment arms that because of the small sample size was statistically not significant. The ORRs
obtained with Ca-EP cutaneous metastases were higher for linear electrodes (42.8%, 3/7) than for
hexagonal electrodes (27.3%, 3/11) (p = 0.63). Of the tumours that were categorized as PD, 45.45% (5/11)
were treated with hexagonal and 14.29% (1/7) with linear electrodes (p = 0.32). The opposite trend was
observed with bleomycin-based ECT. The ORR was 70% (7/10) with hexagonal and 20% (1/5) with
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linear electrodes (p = 0.12). Of the tumours that were categorized as PD, 10% (1/10) were treated with
hexagonal and 20% (1/5) with linear electrodes (p = 1).

Six patients had long-term follow-up over a mean of 29 months (standard deviation: o = 6.8232).
One patient died 11 months after the study treatment session because of the progression of another
primary tumour and two additional patients died 26 and 27 months after treatment because of a hip
fracture and progression of the melanoma, respectively. None of the cutaneous metastases categorized
as CR relapsed during the 1-year follow-up period.

3.2. Adverse Events

Serious adverse events were not observed. Ulceration and hyperpigmentation, both CTCA criteria
grade I side effects, were seen after Ca-EP in two metastases each (2/18, 11%). After bleomycin-based
ECT, ulceration was observed in 20% (3/15) and hyperpigmentation in 40% of the treated lesions (6/15)
(Figure 5). The median NRS score before treatment was 2 (IQR = 2). Immediately after treatment
the median NRS score was 2 (IQR = 9), 3 patients reported no pain (NRS: 0), 1 patient reported mild
pain (NRS: 1-3) and 1 patient moderate pain (NRS: 4-6). Two patients, both having more than six
metastases and who underwent biopsies, reported severe pain (NRS: 9-10). Six months after treatment
the median NRS score was 2 (IQR = 4), with medium values of 2.5 (¢ = 3.2016) for patients treated
with Ca-EP and 4.5 (0 = 2.2913) for patients treated with ECT.

Before treatment 2 weeks 2 months 6 months

Figure 5. Clinical response. Clinical response after Ca-EP; clinical response after bleomycin-based
ECT. The lesions are from patient no.2 with cutaneous metastases from breast cancer in the same

region (trunk). Lesion no. 2: Ca-EP treated cutaneous metastasis. Lesion no. 5: bleomycin-based ECT
treated cutaneous metastasis. (A,E) Before treatment. (B,F) Two weeks after treatment; typical crust
appearance. (C,G) Two months after treatment; clear hyperpigmentation in the areas treated with
calcium and bleomycin. (D,H) Six months after treatment; complete disappearance of metastases.

Six months after treatment, the QOL scores were equal to or higher than before treatment.
The median QOL score was 70% (IQR = 10) before treatment and 80% (IQR = 10) at day 180. Three
patients did not report a change in their quality of life during the 6 months after treatment. All 7
patients reported they would agree to repeat the treatment if necessary.
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3.3. Delivered Current

There was no significant difference in the measured delivered current neither between the
two treatment arms (p = 0.956) nor in non-irradiated metastases compared to irradiated metastases
(p = 0.911). The median delivered current was 3.85 A (IQR = 3.75) in metastases treated with calcium
and 4 A (IQR = 2.4375) with bleomycin. The median delivered current in metastases located in
non-irradiated skin was 3.85 A (IQR = 3.45) and 3.95 A (IQR = 1.525) in metastases from previously
irradiated skin. A total of 30 applications were used with a median value of 1 (range 1-6, IQR = 1) to
the 18 randomized lesions treated with Ca-EF, and 22 applications with a median value of 1 (range 1-3,
IQR = 1) to the 15 cutaneous metastases treated with bleomycin-based ECT. The median delivered
current measured with linear electrodes in the two treatment arms (Ca-EP and bleomycin-based ECT)
was 5 A (range 2.25-6.1, IQR = 2.1; 31 applications) and 2.5 A (range 1.4-4.2, IQR = 1.6; 21 applications)
with hexagonal electrodes. In the Ca-EP arm the median delivered current was 2-5 A (range 1.4-4.2,
IQR = 1.5; 11 applications) with hexagonal and 4 A (range 2.25-9, IQR = 3.5; 19 applications) with linear
electrodes. In the bleomycin-based ECT group the median delivered current was 2.75 A (range 1.4-3.6,
IQR = 1.7125; 10 applications) with hexagonal and 5.05 (range 4-6.1, IQR = 1.325; 12 applications) with
linear electrodes (Table 2).

3.4. Discussion

Ca-EP is a novel anticancer treatment that has been used successfully with tumours exhibiting
various histologies. Preclinical studies provided the first support for the efficacy across cancer
histologies, as well as an explanation of the mechanisms of action [11,13,14,20-27]. The results of the
first clinical trials suggested that Ca-EP is safe and efficient at the local level for tumours of different
types, including cutaneous metastases from breast cancer and malignant melanoma and recurrent
head and neck cancer [11,20]. Moreover, a case report showed that Ca-EP is able to initiate a systemic
immune response and target untreated metastases in a patient suffering from malignant melanoma [28].
In the Ca-EP procedure, no chemotherapeutic drug is administered to the patient, and, therefore it is
ideal in cases when chemotherapy is contradicted (e.g., severe lung function impairment, pregnancy
etc.). Ca-EP is a simple and inexpensive cancer treatment and can lead to good cosmetic outcome.

We were encouraged to implement the second trial with Ca-EP on cutaneous metastases by the
results of the first clinical studies and by the possibility that Ca-EP can be used in cases when bleomycin
cannot be administered.

In our study, which included six patients with malignant melanoma and one patient with breast
cancer, we demonstrated that Ca-EP is safe and effective in the treatment of small cutaneous metastases.
Importantly, the CR seen clinically after Ca-EP was confirmed in our study by histology. The ORR for
Ca-EP was lower (ORR = 33%, CR = 22%) than for bleomycin-based ECT (ORR = 53%, CR = 40%),
but the differences were not significant for OR (p = 0.30) and for CR (p = 0.45). Our preset criteria
for the non-inferiority for Ca-EP was proven. The first clinical trial performed in Denmark included
seven patients: six patients with cutaneous metastases of breast cancer and one patient with malignant
melanoma [11]. The results from this study had a similar tendency toward higher ORR and no
significant difference between Ca-EP, 72% (with 66% CR), and ECT, 84% (with 68% CR). The first trial
also proved non-inferiority for Ca-EP, and only mild adverse events were observed for both treatments,
including ulcers in the treated area, similarly to our study. The higher response rates achieved by the
Danish study could be explained by the different histotypes of the treated cutaneous metastases and
also with the use of different electrodes. We have treated mainly malignant melanoma metastases
(81.8%, n = 27), whereas the number of melanoma metastases was small (5.4%, n = 2) in the Danish
study. The primary tumour characteristics of our study show that 89% (24/27) of the response evaluated
melanoma metastases were BRAF-WT (wild-type or non-mutated). A recent study revealed that
bleomycin-based ECT is more effective on BRAF mutated malignant melanoma cells in comparison
with WT (non-mutated) melanoma cells [29]. These results could account for the lower response rates
on both arms of the current study and require further investigation.
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The other difference between the two trials were the electrodes used; only linear electrodes were
used in the Danish, where as our study used mainly (63.6%) hexagonal electrodes. It is known that the
electric field distribution is different between the linear (which have a smaller diameter) and hexagonal
electrodes. Therefore, with linear electrodes field distribution is much more symmetrical with less
cold spots. [30,31] Although a significant difference was not detected because of the small number of
events, Ca-EP was more effective in our trial with linear electrodes, (p = 0.30). In preclinical studies
significantly decreased ATP level and cell viability were observed by increasing the electric field from
0.8 to 1.0 kV/cm during Ca-EP [9,23]. These findings could explain the observed difference as the
electric field was 1000 V/cm with the use of linear and 910 V/cm with hexagonal electrodes. Because of
the small sample size of the current trial, further studies are needed to fully uncover the question.

There was no significant difference in the measured delivered current between the two treatment
arms in the two finished studies. The difference in conductivity may be more relevant when treating
large tumours.

Only grade I local adverse events were seen in both treatment arms in our study. Both ulceration
and hyperpigmentation were observed more often after bleomycin-based ECT (20% and 40%) than after
Ca-EP (both 11%). Our observations of Ca-EP skin toxicity were similar to those of the previous trial:
only the tumour region was affected by the ulcer, whereas the surrounding normal skin was spared.
In the Danish trial, none of the lesions treated with Ca-EP exhibited altered cutaneous pigmentation,
which might be related to the exclusive use of linear electrodes.

The limitations of our study include a small number of enrolled metastases and the use of
different electrodes.

4. Conclusions

Ca-EP proved to be safe and effective in eradicating tumours, and this conclusion was confirmed
histologically. Our results are in agreement with the results of the first clinical trial on Ca-EP, which
showed that Ca-EP was non-inferior to bleomycin-based ECT, and therefore Ca-EP should be considered
as a feasible treatment for patients with cutaneous metastases for which other chemotherapeutic drugs
are contraindicated.

The configuration of the electrode and the histotype may influence tumour response. Further
studies are needed to establish a strong evidence base in the treatment of cutaneous metastases
with Ca-EP.
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A Merkel sejtes karcinoma multimodalis kezelési lehetdségei

Multimodal treatment options for Merkel cell carcinoma
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Békés Megyei Kozponti Korhaz, Pandy Kalman Tagkorhaz, Gyula?

Szegedi Tudomanyegyetem, Altalanos Orvostudomanyi Kar,

Szent-Gyorgyi Albert Klinikai K6zpont, Onkoterapias Klinika?

OSSZEFOGLALAS

A Merkel sejtes karcinoma egy ritka, agressziv viselkedésii,
neuroendokrin bortumor. Patogenezisébol a Merkel sejt
poliémavirus klonalis integracidja és az UV fény emelhetd
ki. Kialakulasanak rizikétényezdi az elérehaladott életkor,
a kronikus UV expozicio, a kaukazusi bértipus, a férfi nem
és az immunszuppresszio. A betegség gyors progresszio-
ra hajlamos és a prognozisa kedvezétlen. Kezelésében el-
sddleges a primer tumor sebészi eltavolitisa és az érszem
nyirokcsomé biopszia, illetve kiemelt jelentéségii az adju-
vans sugdrterdapia. A szisztémads kezelések koziil elsé vo-
nalban immunellendrzopont-gatlok javasoltak. A szerzok a
diagnosztikara és a kezelésre vonatkozo legijabb eurdpai
iranyelvet ismertetik.

Kulcsszavak:
Merkel sejtes karcinoma — Avelumab —

orszem nyirokcsomo biopszia

SUMMARY

Merkel cell carcinoma is a rare neuroendocrine skin tumor
with an aggressive behavior. The clonal integration of the
Merkel cell polyomavirus and the UV light can be high-
lighted in its pathogenesis. Risk factors for its development
are advanced age, chronic UV exposure, Caucasian skin
type, male gender and immunosuppression. The disease is
prone to rapid progression and the prognosis is unfavora-
ble. In its treatment, surgical removal of the primary tumor
and biopsy of the sentinel lymph node, as well as adjuvant
radiation therapy, are of particular importance. Among
the systemic treatments, immune checkpoint inhibitors are
recommended as first line. The authors discuss the latest
European guideline for the diagnosis and the treatment.

Key words:
Merkel cell carcinoma — Avelumab —
sentinel lymph node biopsy

Definicio, epidemiologia

A Merkel sejtes karcinoma (MCC) egy ritka, agressziv
viselkedésii, neuroendokrin bértumor. Elséként az iroda-
lomban 6tven évvel ezel6tt (1972) Cyril Toker a tumor
verejtékmirigy eredetét feltételezve a bor trabekularis kar-
cindmajaként emliti (1). A tumor neuroendokrin eredetét
1978-ban Tang és Toker bizonyitotta be, a neuronspecifi-
kus enolaz (NSE) jelenlétét kimutatva (2). Jelenlegi elne-
vezését 1980-ban kapta, mely terminoldgia a tumorsejtek
¢és a bor bazalis rétegében 1évé Merkel sejtek kozotti ha-
sonlosagra utal (3). A pontos kiindulasi sejttipus napjain-
kig ismeretlen, epidermalis Ossejtek, fibroblasztok vagy
korai B-sejtek meriiltek fel (4).

Az MCC a malignus bérdaganatok kevesebb mint 1%-at
alkotja, a melanoma malignumnal kb. 6tvenszer ritkabban
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fordul el (5). Az MCC incidenciaja az elmult évtizedben
jelentésen emelkedett, mely tendencia folytatodasa var-
hato vilagszerte. Egy 2017-es Osszefoglalo kozleményben
tiz orszag (Eurdpa, Ausztralia, Uj-Zéland) adatait elemez-
ték, mely alapjan az incidencia 0,1-1,6 k6z¢ teheté 100 000
¢életévre vonatkoztatva (5). A legmagasabb érték Ausztralia-
ban adddott, melyet részben a magas ultraibolya (UV) fény
expoziciéval magyaraztak. Az Egyesiilt Allamokban 2000
és 2013 kozott el6fordulasa csaknem megduplazodott. Az
MCC emelkedé eléfordulasaért legfoképpen a tumoros be-
tegség valodi incidencia novekedése tehetd feleldssé, azon-
ban a tumor regiszterek tokéletesedése, az immunhisztoké-
miai vizsgalomodszerek fejlodése, a viralis karcinogenezis
szerepének felfedezése, valamint a gyakorl6 orvosok elmé-
leti és gyakorlati ismereteinek boviilése is hozzajarult (5).
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A betegség patogenezise

Az MCC patogenezisébdl a Merkel sejt poliomavirus
(MCPyV), az UV fény expozicio és az immunszuppresszid
emelhetéek ki. A tumor patogenezisének tanulmanyozasaban
nagy attorést jelentett 2008-ban a Feng és mtsai altal izolalt
DNS-poliémavirus (MCPyV) kimutatasa, melyet a késébbi-
ekben tobb munkacsoport is megerdsitett (6, 7). AMCPyV a
human bor mikrobiom része. A viralis DNS klonalisan integ-
ralodik a sejtek genetikai dllomanyéba, mely véletlenszeriien
szamos helyen torténhet. Martel-Jantin és mtsai. leggyakrab-
ban (21%) az 5-6s kromoszoéman mutattak ki jelenlétét, illet-
ve ennél kisebb aranyban (5-16%) tovabbi nyolc (1., 3., 4.,
6., 11., 14., 18., 19.) kromoszoéman. A tumor kialakulasaban
résztvevd gazdasejt gén ismeretlen. A MCPyV kettGs szalt
cirkularis DNS-ének felszakadasa leggyakrabban (70%) a
genomjanak tobb mint felét alkoto ,,large T” (LT) régioban
kovetkezik be. A viralis LT-fehérje altal hordozott konzervalt
szakaszok (pl.: DnalJ, pp2A-koté domének) onkogén hatasa
poliémavirusokban bizonyitott (pl.: SV40). FeltételezhetGen
kiilsd hatasra a tumorgenomba integralt viralis LT-antigén
helikaz régioja karosodik, igy bar a virus fert6z6 képessé-
ge megsziinik, a karosodott onkoprotein a daganat tovabbi
fejlédésében jatszik szerepet (8). A daganat fenntartasdban
az apoptozist gatlo BIRC5a (baculoviral inhibitor of apop-
tosis repeat-containing 5a) onkoprotein vesz részt. (9). Iro-
dalmi adatok szerint a vaszkularis endotelialis novekedési
faktor receptor-2 (VEGFR-2) expresszio osszefliggést mutat
a daganat méretével és metasztatizalé képességével. A tumor
kialakulasaban a mammalian target of rapamycin (mTor) re-
ceptorok, valamint az AKT/PI3C és Ras jelatviteli Gitvonalak
szerepét is feltételezik. Az MCC pathogenezisében az UV
sugéarzasnak is jelentGs szerepet tulajdonitanak, melyet az
epidemiolégiai adatok is alatimasztanak.

Jelen ismereteink alapjan megkiilonboztetiink MCPyV
pozitiv (80%) és MCPyV negativ (20%) vagy UV sugar-
zas indukalta tumorokat. A kézelmultban végzett genetikai
elemzések sokkal magasabb UV sugarzas indukalta muté-
cios terhelést (p53, TP53, RB1, NOTCH1, HRAS) talaltak
a MCPyV negativ daganatokban. Megallapitottak, hogy az
immunvalaszt a citozin-timin (C-T) mutaciok magasabb
szama és az ennek kovetkeztében kialakul6 0j tumor-asz-

szocialt epitopok valtjak ki (10). A MCPyV pozitiv MCC-t
alacsony frekvenciaji szomatikus mutaciok jellemzik.
Dontd tobbségiik jol reagal immunonkolégiai kezelésre,
mely soran a T-sejtek a virusok altal termelt onkoprotei-
neket ismerik fel (11, 12, 13, 14). Egyértelmii adatok nin-
csenek arra vonatkozolag, hogy a viralis statusz hogyan
befolyasolja a prognozist. A virus pozitiv tumorok jobb
prognozistiak, azonban immunonkoterapiara adott valasz
tekintetében szignifikans kiilonbség a MCPyV pozitiv és
negativ tumorok kozott nincsen (15).

Klinikai megjelenés, rizikotényezok, diagnozis

Az MCC kialakulasanak rizikotényez6i az eldre-
haladott életkor (75-80 év), a kronikus UV expozicio, a
kaukazusi bortipus (az esetek 95%-a), a férfi nem (fér-
fi:né=2,5:1) és az immunszuppresszi6é (hematologiai be-
tegség, HIV-fertézés, szerv transzplantacio). Az MCC
6-12%-ban jelentkezik immunszupprimalt betegeknél. Az
MCC megjelenésének kockazata tizszeres a szervtransz-
plantaltak kozott, tizenharomszoros a HIV betegek koré-
ben, mig 30-50-szer gyakrabban fordul eld hematologiai
alapbetegség esetén (16, 17, 18). Immunszuppresszio6 ese-
tén az MCC kialakuldsa fiatalabb életkorra tehetd, a be-
tegség lefolyasa kedvezbtlenebb és mortalitasa magasabb.

AzMCC klinikai jellegzetességeit klinikankon 25 Mer-
kel sejtes karcindmaval diagnosztizalt beteg esetében ta-
nulmanyoztuk, rektrospektiv vizsgalat keretén beliil 2000~
2016 kozott. Vizsgalatunk alapjan az MCC Kklinikailag
altalaban szubjektiv panaszt nem okozo, leggyakrabban
bérszinli vagy pink papula vagy eléemelkedd tumor volt,
mely rapidan névekedett (1. a, b abra). Vizsgalatunkban a
tumorok atlagos atméréje 18 mm volt (3-45 mm), vérzés
¢és kifekélyesedés 20%-ban fordult eld. Irodalmi adatok
alapjan az esetek 5%-aban a primer tumor ismeretlen és
a betegség a nyirokcsomokbol indul ki. Vizsgalatunkban
egy beteg esetében volt a primer tumor ismeretlen. Nyal-
kahartyarol valo kiindulast, mely irodalmi ritkasagnak
szamit, nem tapasztaltunk (19). Betegeink atlagos életko-
ra 72 év (42-89 év) volt, mely a vilagirodalomban kozolt
adatokkal korrelal, mig a nemek aranya tekintetében elté-
rést tapasztaltunk. Betegeinknél a nemek aranya megegye-

1. a, babra
Primer Merkel sejtes carcinoma az arcon (a) és az also végtagon (b)
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Recidivalo Merkel sejtes carcinoma klinikai és dermatoszkopos képe kronikus limfoid leukémiaban szenvedd betegnél
a: Recidiv tumor az orrhaton, b: Voros és fehér homogén, strukuramentes teriiletek, polimorf erek, fehér vonalak

z6 volt, mig altalaban férfi predominancia észlelhets. Az
MCC leggyakrabban a fej-nyak régidban (50%) fordul el6,
melyet a végtagok (40%) és a torzs (10%) kovetnek. A vi-
rus pozitiv és negativ tumorok lokalizacidjaban lényeges
kiilonbség jelenlegi ismereteink alapjan nincsen.

Vizsgalatunkban a primer tumor lokalizaciojat tekintve
a daganatok 40%-a az arc teriiletén, 32% a felsd, 20% az
also végtagon és 8% a torzson jelent meg.

A differencial diagnosztikaban els@sorban benignus
(hemangioma, lipéma, plazmocitoma, ateroma, epiderma-
lis ciszta, dermatofibroma) és malignus bérdaganatoktol
(bazalsejtes karcindma, bor laphamrak, amelanotikus me-
lanoma, adnexalis tumor, dermatofibroma, kutan attét, ku-
tan limfoma) kell elkiiloniteni.

Vizsgalatunkban a betegek altalaban a tumor méretbeli
novekedése miatt fordultak orvoshoz. Az altalunk vizsgalt
25 esetbdl 23-ban talaltunk az ambulans lapokon informa-
ciét arra vonatkozolag, hogy mennyi idé telt el a primer
tumor észlelése és a szovettani diagnozis felallitasa kozott.
Ez az 1d6 atlagosan 6 honap volt (1-48 honap), mely joval
alacsonyabb a melanomas betegeinknél tapasztaltakhoz
képest (18 honap) (20). A kiilonbség véleményiink szerint
az MCC gyors progressziojaval és az érintett betegpopulé-
ci6 magas életkoraval hozhato osszefiggésbe.

Az MCC helyes diagnozisa sok esetben késik. A f6bb
klinikai jellegzetességek alapjan Osszedllitott mozaikszo

segitségiil szolgalhat a gyakorlé orvosoknak a helyes kli-
nikai diagnézis felallitasaban (AEIOU, A: asymptomatic,
E: expanding rapidly, I: immunosuppression, O: older than
50 years of age, U: UV exposed site).

Az MCC dermatoszkopos képe nem specifikus (2. a,
b dbra). Legfobb jellemz6i egyéb malignus tumorokban
(pl. elérehaladott bér laphamrak, amelanotikus melanoma)
is eléfordulhatnak. Pink, fehér vagy milky-red homogén
stuktiramentes teriiletek és polimorf erek (pontszerti, ro-
vid linearis, kanyargos) jellemzik, de eléfordulhat ulcera-
cid és fényl6 fehér vonalak.

Az MCC-nek szovettanilag harom formaja ismert: in-
termedier, kissejtes és trabekularis tipus, az esetek nagy
részében azonban kevert tipussal taldlkozunk (21). A sz6-
vettani képre a kis bazofil, kerek sejtek csoportjai, a sejtek
finom kromatinstrukturaja, a nukleolusz hianya, valamint
szamos mitotikus alak jellemz0 (3. a abra). A tumorsejtek
a bor normal Merkel sejteihez hasonléan siiriin elhelyez-
kedé perinukledris neuroszekrécios granulomokat tartal-
maznak. Immunhisztokémiailag MCC-ben diagnosztikus
értékil a perinuklearis, pontszerii CK20 pozitivitas és a
kissejtes tiidorakra jellegzetes TTF1 (pajzsmirigy transzk-
ripcios faktor 1) negativitas (3. b dbra). Bizonyos esetben
neuroendokrin markerek (neuronspecifikus enolaz, kro-
mogranin A/B, szinaptofizin) és a MCPyV T antigén is
kimutathaté (3. ¢ dbra). A melanomatol és a limfomaktol

3.a, b, cdbra

Merkel sejtes carcinoma kutan attétének szovettani vizsgélata. a: hematoxilin-eozin: basofil festddésii, kis, kereksejtes
tumor, b: Perinukledris, pontszerii CK20 pozitivitas, c: MCPyV ellenes antitest (CM2B4) pozitivitas
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valo elkiilonitésben segit az S100, HMB45, MelanA ¢és az
LCA (leukocyte common antigen) markerek hidnya (22).

Staging és prognozis

A daganatos betegség stadiumanak meghatarozasa az
AJCC (American Joint Committee on Cancer) 8-as verzi6-
ja alapjan torténik, melyet kozel tizezer MCC-ben szen-
vedd beteg retrospektiv vizsgalatara tamaszkodva alkottak
meg (23, 24). Az I-es stadiumba a 2 cm-es vagy kisebb
tumorok (TINOMO), a II-es stadiumba a 2 cm feletti (T2-
3NOMO), valamint a kérnyezd izmokat, faszciat, porcot
vagy csontot destrualé tumorok (T4NOMO) tartoznak.
A regionalis nyirokcsomo és/vagy in tranzit attéttel ren-
delkez6 betegek képezik a I1I-as, mig tavoli attétes esetek
a IV-es stadiumot.

Az MCC prognozisa a melanomandl rosszabb, az
5-éves talélés 40-60% kozott van, a tulélés median értéke
8-12 hénap (23, 24). Az irodalmi adatok szerint a dagana-
tos betegség diagnosztizalasanak idopontjaban a betegek
65%-4nal boérre lokalizalt a betegség, 26%-ban van nyi-
rokcsomo érintettség, mig 8%-nal tavoli metasztazis. Az
5-éves tilélés a betegesoportoknak megfelelden 51, 35 és
14% (23, 24). Sajat vizsgalatunkban az irodalmi adatok-
hoz képest elérehaladottabb stadiumban diagnosztizaltuk
az MCC-t. Az esetek mindossze 44%-aban volt borre loka-
lizalt a betegség, mig 40%-ban nodalis érintettség és 16%-
ban tavoli attét igazolodott a felfedezés idépontjaban.

Az elso két év soran kb. 30%-ban szamithatunk lokalis
recidiva és tavoli attét kialakulasara, mig regionalis nyi-
rokcsomo attét a betegek 50%-aban jelentkezik (23, 24).

Az 1j eurdpai irdnyelv szerint magas rizikét jelez, ha
legalabb egy tényez6 fenndll a kovetkezok koziil: a tumor
2 cm-es vagy nagyobb méretii, fej-nyaki lokalizacio, kro-
nikus immunszuppresszi6, limfovaszkuldris invazio, re-
gionalis nyirokcsomo attét (15).

A Merkel sejtes karcinéma kezelési lehetdségei

Az MCC kezelésének meghatarozasat multidiszcipli-
naris onkoteam végzi. A sebészi kezelés mellett sugartera-
pia és szisztémas kezelés allnak rendelkezésre (15).

Sebészi kezelés

A primer tumor elsédleges ellatasa a sebészi eltavolitas
1-2 cm-es biztonsagi zénaval és az érszem nyirokcsomo
biopszia (standard of care) (15). A tumor magas recidiva
aranyat tekintve a sebészi beavatkozas dontd jelentéség-
gel bir. A Mohs-féle mikroszkoposan kontrollalt sebészet
a fej-nyak régioban elhelyezkedd tumorok esetében alkal-
mazhaté eljaras.

Szentinel pozitivitds (mikrometasztazis) esetén komp-
lettalo blokkdisszekcié végzése az 1ij eurdpai irdnyelv
alapjan rutinszeriien nem javasolt, mert a teljes tulélést
nem befolyasolja. Adjuvéns sugérkezelés javasolt elsésor-
ban, és csak bizonyos esetekben javasoljak a blokkdisz-
szekcid mérlegelését (15).

Tapinthaté és/vagy vizsgalatokkal igazolt nyirokcso-
mo attét (makrometasztazis) esetében javasolt a regionalis
blokkdisszekcid, adjuvans sugarterapiaval kiegészitve (15).
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Adjuvans kezelés

Az MCC esetében a teljes tumorrezekcion atesett be-
tegeknél magas rizikoju betegség esetén adjuvans sugar-
terapia inditasa javasolt, a miitétt6l szamitott maximum
nyolc héten beliil a primer tumor és a drenald nyirokrégid
teriiletére (50/60-55/66 Gy) (15). Az MCC sugarterapiara
nagyon érzékeny tumor, ezért ez a modalitas kiemelt je-
lentdségii a betegség kezelése soran, szinte minden sta-
diumban. Kevés randomizalt, kontrollalt vizsgalat van
azonban, amely részben a tumor ritka el6fordulasaval ma-
gyarazhatd. Retrospektiv adatelemzések (eset sorozatok,
regiszterek) alapjan a sebészi kezelést kovetden a primer
tumoragyra adott adjuvans sugarterapia javitja a lokalis és
regionalis relapszus-mentes tilélést, a tavoli attét-mentes
talélést és a teljes tulélést, onmagaban a sebészi kezelés-
hez viszonyitva (15). Pozitiv 6rszem nyirokcsomo biop-
sziat kovetden adott adjuvans sugarterapia javitja a re-
gionalis relapszus-mentes tulélést, a teljes tulélésre valo
hatasa nem egyértelmii (15). Makroszkopos nyirokcsomo
attét esetén posztoperativ adjuvans sugarterapia javasolt a
regionalis blokkdisszekciot kovetden, jelentsége fokozott
tobb nyirokcsomo érintettsége és extrakapszularis terjedés
esetén (15).

Adjuvans kemoterapiat az 0j eurdpai iranyelv nem ja-
vasol, mig adjuvans immunterapiaval klinikai vizsgalatok
vannak folyamatban (15).

A disszeminalt betegség szisztémas kezelése

Olyan esetekben, amikor a sebészi kezelés nagy meg-
terheléssel jar, a primer tumor és a nyirokrégio palliativ
sugarkezelése végezhet6. A betegség azon formaiban,
amikor sebészi és/vagy sugarterapia nem allnak rendelke-
zésre, szisztémas kezelés javasolt.

Korabban, az immunterapias éra el6tt platina, etopozid,
taxan alapii kombinalt kemoterapiat alkalmaztunk, melyet
az altalaban idGs betegek nehezen toleraltak. A terapias
valaszadasi arany els6 vonalban adott kemoterapia esetén
53-61%, masodvonalban 23-45% volt, a valasz azonban
nem volt tartés (elsévonal mPFS: 3,1 ho, mOS: 9,5 ho,
masodvonal mPFS: 2-3 ho) (15). Jelenleg a kemoterapia
masodvonalban javasolt, ha a tumoros betegség immun-
terapiara rezisztens vagy ha valamilyen okbol kifolyolag
immunterapia nem adhato a betegnek.

A melanoméhoz hasonléan az MCC kezelésében is
elsévonalbeli szisztémas terapia az immunellenérzépont-
gatlo PD1/PDL1-gatlé immunterapia (15). Nghiem és
mtsai. fazis 2-es vizsgalataban elsGvonalbeli kezelésként
PD1-gétlo pembrolizumabot alkalmaztak 25 elérehaladott
MCC-s beteg kezelésében (25, 26). A vizsgélatban az ob-
jektiv valaszadasi arany (ORR) 56% volt, komplett remisz-
sziot 24%-ban, részleges remissziot 32%-ban tapasztaltak.
A terapias valasz idétartama (DOR) a valaszado betegek
96%-anal elérte a 6 honapot, a betegek 56%-anal legalabb
12 hénap volt (25, 26). A kezelés hatékonysaga a virus po-
zitiv és negativ tumoroknal hasonlé volt.

Kaufmann és mtsai. egykart, multicentrikus, fazis II-
es klinikai vizsgalataban a betegek (n=88) kemoterapiat
kovetdéen masodvonalban avelumab (PDL1-gatlo) adasa-
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4.a, badbra
Komplett remisszio avelumab kezeléssel fels6 végtagi, lokoregionalisan elérehaladott Merkel sejtes carcinomaban
a: Exulceralt tumor az immunterapia el6tt, b: Komplett remisszi6, a tumor helyén hipopigmentalt folt

ban részesiiltek (27, 28). Az objektiv tumorvalaszt mutatd
betegek ardnya 32% volt, 8 betegnél komplett, 20 beteg-
nél parcidlis remisszié igazolodott. A terapias valasz id6-
tartama a betegek 86%-anal legalabb 6 honapig, a betegek
kozel felénél (45%) egy évig tartott. A vizsgélatban a tu-
mor viralis statusza (MCPyV+ vagy MCPyV-) az immun-
terapia hatékonysagat nem befolyasolta. A vizsgalatban a
talélés median értéke 12,6 honap (95% CI, 7,5-17,1 ho-
nap), a 4- és 5-éves tulélés 30% (95% CI, 20-40%) és 26%
(95% CI, 17-36%) volt (27, 28). Az avelumab kezelést
ugyanebben a vizsgalatban 116 beteg kapta elsé vonal-
ban (29). A kovetési id6 21,2 honapja (14,9-36,6) soran a
teljes talélés median értéke 20 honap (12,4-NR), a prog-
ressziomentes tulélés 4,1 (1,4-6,1) honap volt. A betegek
60%-a (95%CI, 50-68%) volt életben az 1 éves utanko-
vetéskor (29). A vizsgalat tovabbi analizisei folyamatban
vannak.

Hazankban irrezekabilis és/vagy metasztatikus MCC
kezelésére elsdvonalban, monoterapia formajaban az ave-
lumab immunterapia van torzskonyvezve (4. a, b dbra)
(30). MCC-ben elmondhatd, hogy bar eddig a legigérete-
sebb eredmények immunterapidkkal sziilettek, de a bete-
gek felénél még ezekkel sem sikeriil tartos tumorvalaszt
elérni. Igazan megbizhato prediktiv markere a kezelésnek
nincsen, talan legjobb tumorvalaszt azokban a tumorokban
lattak, ahol magas volt a mutacios terhelés, virus negativ
volt a tumor és magas volt a CD8+ tumort infiltral6 lim-
focitak aranya.

Adjuvans immunterapiaval (PD1-gatlo, PDLI1-gatlo,
CTLA4-gatlo) tobb vizsgalat van folyamatban, teljes tu-
morrezekcion atesett betegeknél. Igazolt nyirokcsomo attét
(Il-as stadium) esetén a miitéti kezelés el6tt neoadjuvan-
san adott nivolumabbal 39 beteget kezeltek klinikai vizs-
galatban (31). Néhany ciklus immunterapiat kovetden 35
beteg esett at miitéten, kozel 50%-nal szovettanilag nem si-
keriilt rezidualis tumort kimutatni (patologiai tumorvalasz:
47,2%) és a 20 honapig tarté utankovetés soran relapszus
egyikiiknél sem jelentkezett. Ezek alapjan a neoadjuvans
kezelés igéretesnek tiinik az MCC kezelésében (31).
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Egyéb kezelési probalkozasok

A boviild terdpids lehetdségek ellenére a béron meg-
jelend malignus tumorok ellatasa gyakran kihivast jelent
az ellaté multidiszciplinalis team szdmaéra. Az elektroke-
moterapiat (ECT) az 1980-as évek végén vezették be (32).
Az eljaras soran nagy energidju elektromos impulzus és
citosztatikum (bleomicin) egyidejli alkalmazasaval érhetd
el daganatellenes hatéas. Napjainkban a béron és a bor alatt
elhelyezkedd primer, illetve metasztatikus daganatok ke-
zelési armamentariumanak része (32).

Az irodalomban MCC-ben az ECT alkalmazésara vo-
natkozoan eset-sorozatok allnak rendelkezésre. Fej-nyak
régidban elhelyezkedd MCC kutan és szubkutan metasz-
tazisainak palliativ ECT kezelése soran a tumorok méreté-
nek csokkenésérol, egyes esetben komplett remissziorol és
a betegek ¢letmindségének javulasardl szamoltak be (33,
34). MCC-ben ECT kezelést kovetden alkalmazott egyet-
len ciklus avelumab kezelés okozott komplett remissziot.
A szerzok felvetették, hogy az ECT segithet az immunte-
rapia szamara kedvez6 tumor mikrokornyezet kialakitasa-
ban (35). Klinikankon az ECT-t a progresszio késleltetése
és az arcideg megkimélése céljabol alkalmaztuk fej-nyak
régidban 1évo, gyorsan progredialo MCC lokalisan recidi-
vajanak kezelésében (5. a, b dbra).

MCC szisztémas kezelésében tovabbi kezelési pro-
balkozasok (fazis I/I1 vizsgalatok) vannak metasztatikus
vonalon 4j hatéanyagokkal (lenvatinib, T-VEC), valamint
a PD1/L1-gatlok kombinacioban torténd alkalmazasaval
egyéb immunterapias (TLR3 agonista, anti-LAG3, IL2) és
kemoterapias (paclitaxel) készitményekkel (36).

Célzott onkologiai kezelésekkel (multi-tirozindz-gat-
10k) is probalkoznak az MCC kezelésében, azonban ezek
eredményeire még varnunk kell, illetve igazan jol célozha-
t6 tamadaspontot MCC-ben egyenlére nem sikeriilt talalni.
Az MCC, mint neuroendokrin bértumor, szomatosztatin 2
receptort expresszal, ezért szomatosztatin analdgokkal tor-
téntek kezelési probalkozasok. A kevés rendelkezésre allo
adat alapjan, figyelembe véve az immunterapiat is, ezek
nem tiinnek igéretes lehetdségnek (37).
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5. a, babra
Merkel sejtes carcinoma lokalis recidivajanak palliativ kezelése elektrokemoterapiaval
a: A progresszid késleltetése palliativ elektrokemoterapiaval. ECT kezelés elétt, b: ECT kezelés utan 1 honappal

IRODALOM

Toker C.: Trabecular carcinoma of the skin. Arch Dermatol.
(1972) 105(1), 107-10.

Tang C.K., Toker C.: Trabecular carcinoma of the skin: an ult-
rastructural study. Cancer. (1978) 42(5), 2311-21.

Gould VEE., Dardi L.E., Memoli V.A. és misai.: Neuroendocri-
ne Carcinomas of the Skin: Light Microscopic, Ultrastructural,
and Immunohistochemical Analysis. Ultrastruct Pathol. (1980)
1, 499-509.

Hausen A.Z., Rennspiess D, Winnep kx V és mtsai: Early
B-Cell Differentiation in Merkel Cell Carcinomas: Clues to Cel-
lular Ancestry. Cancer Res. (2013) 73(16), 4982-4987.
Schadendorf D, Lebbé C, Hausen A.Z. és mtsai.: Merkel cell car-
cinoma: Epidemiology, prognosis, therapy and unmet medical
needs. Eur J Cancer. (2017) 71, 53-69.

Feng H, Shuda M, Chang Y és mtsai.: Clonal Integration of a Po-
lyomavirus in Human Merkel Cell Carcinoma. Science. (2008)
319(5866), 1096-1100.

Varga E, Kiss M, Szabé K és mtsai.: Detection of Merkel cell
polyomavirus DNA in Merkel cell carcinomas. BID. (2009)
161(4), 930-932.

Pantulu, N.D., Pallasch, C.P, Kurz, A.K. és mtsai.: Detection of
anovel truncating Merkel cell polyomavirus large T antigen de-
letion in chronic lymphocytic leukemia cells. Blood. (2010) 776,
5280-5284.

Kim J, McNiff; J.M.: Nuclear expression of survivin portends a
poor prognosis in Merkel cell carcinoma. Mod. Pathol. (2008)
21, 764-769.

Harms PW., Collie A.M., Hovelson D.H. és mtsai.: Next gene-
ration sequencing of cytokeratin 20-negative Merkel cell carci-
noma reveals ultraviolet-signature mutations and recurrent TP53
and RBI inactivation. Mod Pathol. (2016) 29(3), 2040-2048.

. Goh G, Walradt T, Markarov V és mtsai.: Mutational landscape

of MCPyV-positive and MCPyV-negative Merkel cell carcino-
mas with implications for immunotherapy. Oncotarget. (2016)
7(3), 3403-3415.

. Horvath K.B., Pankovics P, Battyani Z és mitsai.: A probable

etiological role of Merkel cell polyomavirus in the development
of Merkel cell carcinoma. Orv Hetil. (2013) 7154(3), 102-12.

. Lengyel Zs, Pozsgai M, Kaddr Zs és mtsai.: Ujdonsagok a ritka

bbrtumorok ellatasaban. BVSZ. (2020) 96(2), 64-72.

. Tai P, Nghiem P.T., Park S.Y.: Pathogenesis, clinical features, and

diagnosis of Merkel cell (neuroendocrine) carcinoma. Uptodate
[Internet] 2021 Apr 02. Available from: https://www.uptodate.
com/ Diagnosis and treatment of Merkel cell carcinoma: Euro-
pean consensus-based interdisciplinary guideline

245

72

15

16.

18.

2

2

22.

23

24.

25;

2

=N

27

28.

S

~

. Gauci M.L., Aristei C., Becker J.C. és mtsai.: Diagnosis and
treatment of Merkel cell carcinoma: European consensus-based
interdisciplinary guideline — Update 2022. European Journal of
Cancer. (2022) 171, 203-231.

Chockalingam R, Downing C, Tyring S.K. és mtsai.: Cutaneous
Squamous Cell Carcinomas in Organ Transplant Recipients. J
Clin Med. (2015) 4(6), 1229- 1239.

. Izikson L, Nornhold E, Lyer J.G. és mtsai.: Merkel cell carci-
noma associated with HIV: review of 14 patients. AIDS. (2011)
25(1), 119-21.

Kaae J, Hansen A.V., Biggar R.J. és mtsai.: Merkel cell carcino-
ma: incidence, mortality, and risk of other cancers. J Natl Cancer
Inst. (2010) 702(11) 793.

. Poulsen M.: Merkel Cell Carcinoma of Skin. Drugs & Aging.
(2005) 22(3), 219-229.

Petrovszki I, Csanyi I, Sziics M és mtsai.: A melanoma malig-
num korai felismerését befolyasolo tényezok. Orv Hetil. (2016)
157(51), 2028-33.

Jaeger T, Ring J, Andres C.: Histological, Inmunohistological,
and Clinical Features of Merkel Cell Carcinoma in Correlation
to Merkel Cell Polyomavirus Status. Journal of Skin Cancer.
(2012) 983421.

NCCN Clinical Practice Guidelines in Oncology (NCCN Gui-
delines) with NCCN Evidence Blocks [Internet] Available from:
https://www.ncen.org/guidelines/guidelines-with-evidence-
blocks

Harms K.L., Healy M.A., Nghiem P és mtsai.: Analysis of prog-
nostic factors from 9387 Merkel cell carcinoma cases forms the
basis for the new 8th edition AJCC staging system. Ann Surg
Oncol. (2016) 23(11), 3564-71.

Amin M.B., Greene FL., Edge S.B.: The Eighth Edition AJCC
Cancer Staging Manual: Continuing to build a bridge from a
population-based to a more ,,personalized” approach to cancer
staging. CA Cancer J Clin. (2017) 67(2), 93-99.

Nghiem PT, Bhatia S, Lipson E.J. és mtsai.: PD-1 Blockade
with Pembrolizumab in Advanced Merkel-Cell Carcinoma. N
Engl J Med. (2016) 374(26), 2542-2552.

. Nghiem P, Bhatia S, Lipson E.J. és mtsai.: Durable Tumor Reg-
ression and Overall Survival in Patients With Advanced Merkel
Cell Carcinoma Receiving Pembrolizumab as First-Line Thera-
py. J Clin Oncol. (2019) 37(9), 693-702.

Kaufman H.L., Russell J, Hamid O és mtsai.: Avelumab in pa-
tients with chemotherapy-refractory metastatic Merkel cell car-
cinoma: a multicentre, single-group, open-label, phase 2 trial.
Lancet Oncol. (2016) 17(10), 1374-1385.

Kaufiman H.L., Russell J, Hamid O és mtsai.. Updated efficacy of
avelumab in patients with previously treated metastatic Merkel



2022 98.5. 240246

29.

30.

3

32.

33.

cell carcinoma after >1 year of follow-up: JAVELIN Merkel 200,
a phase 2 clinical trial. J Immunother Cancer. (2018) 6(1), 7.
D’Angelo SP, Lebbé C, Mortier L és mtsai.: First-line avelumab
in a cohort of 116 patients with metastatic Merkel cell carcinoma
(JAVELIN Merkel 200): primary and biomarker analyses of a
phase II study. J Immunother Cancer. (2021) 9(7), 002646.
[Internet] Available from:https://www.ema.europa.eu/en/docu-
ments/product-information/bavencio-epar-product-informat-
ion_hu.pdf. 2020 Jul 23

. Topalian S.L., Bhatia S, Amin A és mtsai.: Neoadjuvant Nivolu-

mab for Patients With Resectable Merkel Cell Carcinoma in the
CheckMate 358 Trial. J Clin Oncol. (2020) 38(22), 2476-2487.
Kis EG: Elektrokemoterapia. Klinikai Onkolégia (2019) (3),
197-204.

Scelsi D, Mevio N, Bertino G és mtsai.: Electrochemotherapy as
a new therapeutic strategy in advanced Merkel cell carcinoma of
head and neck region. Radiol Oncol. (2013) 47, 366-369,

246

73

34.

35

36.

3!

oy |

Curatolo P, Mancini M, Clerico R és mtsai.: Remission of ex-
tensive Merkel cell carcinoma after electrochemotherapy. Arch
Dermatol (2009) /45, 494-5

Torchio M, Cattaneo L, Milione M és mtsai.: Case Report: Ex-
ceptional Response to Avelumab After Failure of Electrochemot-
herapy in a Patient With Rapidly Progressive, PD-L1-Negative
Merkel Cell Carcinoma. Front Oncol (2021) /1, 628324.

Ricco G, Andrini E, Siepe G és mtsai.: Multimodal strategy in
localized Merkel cell carcinoma: where are we and where are we
heading? Int J Mos Sci. (2021) 22(19), 10629.

di Bartolomeo M., Bajetta E, Buzzoni R és mtsai.: Clinical effica-
cy of octreotide in the treatment of metastatic neuroendocrine tu-
mors. A study by the Ita- lian Trials in Medical Oncology Group.
Cancer. (1996) 77(2), 402-408.

Erkezett 2022.09.21.
Kozlésre elfogadva: 2022.09.26.



EREDETI KOZLEMENY

Uj eljaras a nem melanoma tipust
bordaganatok kezelésében:
»daylight” fotodinamias terapia
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Bevezetés: A fotodindmids terdpia a superficialis basalsejtes carcinoma, a Bowen-kor és az aktinikus keratosis kezelésé-
re alkalmas eljdrds. A modszer lényege, hogy a kezelendd bdrfeliiletre felvitt fényérzékenyitd anyag metabolitjabol
fény hatdsdra reaktivoxigén-gyokok szabadulnak fel, melyek szelektiven a tumorsejtek pusztuldsihoz vezetnek. Az el-
jards mesterséges fényforrdssal vagy a napfény alkalmazasival végezhetS. Ez ut6bbi a ,,daylight” fotodindmids terapia,
melynek hatékonysdga mellett elénye, hogy nem jar fijdalommal.

Célkitiizés: Munkdnk célkitizése a napfénnyel végzett fotodinidmids terdpia bevezetése volt klinikinkon aktinikus ke-
ratosis indikdci6jaban és a kezelési protokoll optimalizilisa a helyi éghajlati viszonyokhoz.

Modszer: Klinikai vizsgalatunk harom részbdl allt. A kezelési protokollok kozott kiilonbség a fényérzékenyité anyag
inkubdcids idejében és a napfényen torténd kezelés idétartamdban volt.

Eredmények: A nemzetkozi protokoll alapjin végzett vizsgalatban az aktinikus keratosisok 73%-dban komplett,
27%-aban részleges remissziot értiink el. A szabadban eltoltott idS ardnydt csokkentve a lasiok kétharmadanal teljes,
egyharmadénal részleges remissziot értiink el. 100 J/cm? feletti kezelési dozis esetén salyos erythema megjelenését
észleltiik a kezelést kovetd 24 6raban. Ennek elkeriilésére dozimetria segitségével hatiroztuk meg a szabadban eltol-
tott kezelési id6t. A betegek a kezelést jol toleriltik, a lasiok 15%-dban részleges, 85%-aban teljes remissziét értiink el.
Megbeszélés: A moédositott nemzetkozi protokoll alapjan végzett ,,daylight” fotodindmids terdpia hatékony és jol tole-
rilhat6 kezelési eljards az aktinikus keratosis indikdciojaban.

Kovetkezterés: A napfénnyel végzett fotodindmids kezelést sikerrel adaptdltuk és alkalmazzuk klinikinkon a minden-
napi gyakorlatban aktinikus keratosisok kezelésében.

Orv Hetil. 2022; 163(36): 1422-1429.

Kulcsszavak: napfény, fotodinimids terdpia, aktinikus keratosis

Innovation in the treatment of non-melanoma skin cancer: daylight
photodynamic therapy

Introduction: Photodynamic therapy is indicated for the treatment of superficial basal cell carcinoma, Bowen’s disease
and actinic keratosis. Reactive oxygen radicals are released from the metabolite of the topically applied photosensi-
tizer that is excited by light, which selectively leads to the destruction of tumor cells. The procedure can be per-
formed with an artificial light source or with the use of sunlight. The latter is called daylight photodynamic therapy,
which is an effective and painless procedure.

Objective: Our aim was to introduce daylight photodynamic therapy in actinic keratoses at our department and to
optimize the treatment protocol for the local climatic conditions.

Method: Three clinical trials were performed. The difference between the treatment protocols was between the incu-
bation time of the photosensitizer on the skin and in the time patients spent under the sunlight.
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Results: When using the international treatment protocol, 73% of the actinic keratoses showed complete, while 27%
partial remission. By reducing the proportion of time patients spent outdoor, complete remission was achieved in
two-thirds and partial remission in one-third of the lesions. At doses above 100 J/cm?, severe erythema was observed
24 hours after the treatment. To avoid this, we calculated the time to be spent outdoor by dosimetry. Partial remis-
sion was achieved in 15%, complete remission in 85% of the actinic keratoses with good tolerability.

Discussion: The stepwise modification of the treatment protocol resulted in an effective and well-tolerated treatment
in actinic keratoses under the local climatic conditions.

Conclusion: The method has been successfully adapted in our clinic and is used in daily practice to treat actinic kera-
toscs.

Keywords: daylight, photodynamic therapy, actinic keratosis

Agoston D, Ocsai H, Ignicz F, Viharosné Désa-Ricz E, Rarosi F, Olih J, Kemény L, Baltds E. [Innovation in the
treatment of non-melanoma skin cancer: daylight photodynamic therapy]. Orv Hetil. 2022; 163(36): 1422-1429.

(Beérkezett: 2022. aprilis 10.; elfogadva: 2022. mdjus 9.)

Roviditések

5-FU = 5-fluorouracil; ALA = aminolevulinsav; CR = (complete
remission) komplett remisszié; DALA = delta-aminolevulinsav;
d-PDT = (daylight photodynamic therapy) ,,daylight” fotodi-
ndmids terdpia; EDF = Eurépai Dermatolégiai Forum; HPV =
humén papillomavirus; k-PDT = (conventional photodynamic
therapy) konvencionilis fotodindmids terdpia; PDT = (photo-
dynamic therapy) fotodinidmids terdpia; PpIX = protoporfirin
IX; PR = parcidlis remisszié; UV = (ultraviolet) ultraibolya;
VAS = vizudlis analog skdla

A keratinocytaeredet(i, nem melanoma tipustt bértumo-
rokon a basalsejtes és a cutan laphdmsejtes carcinomdt
értjiik, melyek a leggyakrabban el6fordulé human daga-
natok. Incidencidjuk évrél évre emelkedd tendenciit
mutat vildgszerte [1]. Kezelésiik az esetek nagy részében
egy helyi érzéstelenitésben elvégzett sebészi kimetszéssel
torténik. A ritkdn eléforduld, lokdlisan elérehaladott és
metasztatizdlé formdk esetében a terdpia meghatirozdsa
multidiszciplindris team feladata. A sebészi és sugarterd-
pids médszerek mellett szisztémads kezelések jonnek sz6-
ba, melyek koziil kiemelhet6k az elmult évtizedben
megjelent, molekuldrisan célzott és immunonkoldgiai
kezelések. A himeredet b&rtumorok elsGsorban korai,
illetve felszinesebb formdiban (superficialis basalsejtes
carcinoma, aktinikus keratosis) szimos lokalis kezelési
alternativa koziil valaszthatunk [2]. Ezek kozé tartozik a
krioterdpia, bizonyos lokilis gyégyszeres kezelések és a
fotodindmids terdpia (PDT).

Az aktinikus keratosis az Eur6pai Dermatol6giai Fo-
rum (EDF) szerint iz situ bSrlaphimriknak tekinthetd
[3]. Az aktinikus keratosis prevalencidja igen magas,
Ausztrilidban és a 40 év feletti kaukdzusi lakossdg koré-
ben 40-60% [1]. Irodalmi adatok alapjan aktinikus kera-
tosis talajan alakul ki az invaziv bérlaphdmrikok 60—
80%-a, ezért kezelésiik kiemelt jelentSségti [4, 5].

Az evidencia erdsségét figyelembe véve az aktinikus
keratosisok kezelési armamentariumdba a krioterapia

(magas), az 5-fluorouracil (5-FU)-krém (magas), az imi-
kimodkrém (magas), a PDT (kozepes), a CO,-lézeres
ablatio (kozepes) és a diklofendkgél (kozepes) tartozik
[6, 7]. Sebészi eltivolitds csak szelektdlt esetekben java-
solt. Egy 2021-ben megjelent szisztematikus vizsgalat
alapjan a legerdsebb ajinldst az aktinikus keratosis keze-
lésében a krioterdpia, az 5-FU-krém ¢és az imikimiod-
krém esetében fogalmaztik meg [2]. Nincs azonban
kell6 bizonyiték a kezelések hatékonysigira immun-
szupprimalt betegeknél, illetve arra, hogy alkalmasak-e a
kemoprevenciéra. A , field cancerisation” jelensége miatt
gyakran nemcsak az egyes lasiok kezelésére, hanem kiter-
jedtebb bérteriiletre irdnyuld (an. field-directed) terdpia-
ra is sziikség van, melyre a PDT, a lokdlis imikimodkrém
és a krioterdpia alkalmas [2].

A fényérzékenyitS anyaggal torténd kezelés torténete
az Okorig nyulik vissza, és folyamatos fejlédése napjaink-
ban is tart [8]. A PDT modern korszakat 1978-tdl sza-
mitjuk, amikor Doughety és munkatarsai elvégezték az
elsé szisztematikus humadnvizsgalatokat, melyek sorin
PDT-vel cutan és subcutan bértumorokat kezeltek [8].
Napjainkban a PDT-kezelés a szakmai irdnyelvekben be-
fogadott terdpia az aktinikus keratosis, a superficialis ba-
salsejtes carcinoma és a Bowen-kér esetén. Indikdcion
kiviil alkalmazzik acne vulgaris, virusos szemolcsok,
condyloma, scleroderma és cutan leishmaniasis korké-
pekben, valamint hasznéljak bérfiatalitdsra is.

A PDT bdrgydgyaszati alkalmazdsa sordn a kezelendd
bérfeliiletre aminolevulinsav (ALA)-alapt fényérzéke-
nyitS krémet visziink fel. Meghatarozott inkubdciés id8
utdn a fényérzékenyit6bdl képzdott metabolitot, a pro-
toporfirin IX-et (PpIX) megfelel6 hullimhosszusiga
fénnyel gerjesztjikk. A PpIX alapéllapotba valé vissza-
térése kozben reaktivoxigén-gyokok keletkeznek, ami
sejtpusztulast (nekrdzis vagy apoptézis) idéz el [9].
A fényérzékenyitd anyag a gyorsan osztddo sejtekben és
az Gjonnan képzddott erekben nagyobb mértékben és
gyorsabban akkumuldlédik, mint a kornyezd ép szove-
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tekben, igy az eljaras szelektiven képes roncsolni a kezelt
teriileten 1évé tumorsejteket [10].

A PDT sziamos innovaciéon ment keresztiil az elmult
évtizedben [8]. Az els6 fényérzékenyits készitményeket
intravéndsan kellett adni, és hatdsuk akdr 2 hénapig tar-
tott. Az ezt kovets évtizedekben fejlesztették ki a napja-
inkban is hasznilatos, ALA-alapti fényérzékenyitSket,
melyeket lokalisan kell alkalmazni, hatékonyabbak és ke-
vésbé toxikusak. Tovibbi kutatisok a készitmények sta-
bilitdsanak javitdsat, a bor fels6 rétegébe torténd kony-
nyebb és mélyebb penetricidjit, valamint a kényelmesebb
alkalmazhatésdgot (transdermalis tapasz) céloztik meg
[8]. Napjainkban tobb 5-ALA- vagy az észter szarmazé-
kat tartalmaz6 metil-5-ALA-tartalm lokdlis készitmény-
nek van indikdciéja a dermatoonkolégidban. A két haté-
anyag kozotti legfontosabb kiilonbség, hogy az utébbival
(metil-5-ALA) végzett PDT jéval kedvez&bb a fdjdalom
tekintetében. Azokban az orszigokban, igy Magyaror-
szdgon is, ahol nincs forgalomban lokdlis fényérzékenyi-
t6 gydri készitmény, magisztralis receptraban allitjak
eld.

El6relépések torténtek a PDT sordn alkalmazott fény
tekintetében is [8]. A konvenciondlis PDT (k-PDT) mel-
lett megjelent a természetes napfénnyel végzett ,,day-
light” PDT (d-PDT). A k-PDT sorin a legtobbszor
voros (635 nm) vagy kék (410 nm) fényt sugirzd mes-
terséges fényforrast hasznalunk a fényérzékenyits anyag
gerjesztéséhez. A természetes napfénnyel (lithatéd fény:
380-700 nm) t6rténd d-PDT-t el6sz6r Koppenhidgiban
alkalmaztik 2008-ban Wiegell és mtsai [11]. Irodalmi
adatok igazoljik, hogy a d-PDT és a k-PDT hatékonysa-
ga a superficialis basalsejtes carcinoma és az aktinikus ke-
ratosis kezelésében hasonl6, a d-PDT azonban jobban
tolerdlhatd, és lényegesen kevesebb fijdalommal jar [8,
12]. A k-PDT soran a fényérzékenyit§ anyagot 3 6ran
keresztiil okkliziéban inkubaljuk a kezelt teriileten.
A mesterséges fényforrassal torténd besugdrzas akkor
torténik, amikor a PpIX akkumuliciéja eléri a maximu-
mat. A nemzetkozi protokoll a d-PDT soran 30 perces
inkubdcids id8t javasol okkluzié nélkiil. A PpIX akkumu-
lacidja a napfénnyel torténd expozicié kezdetekor nem
éri el a maximumit, és fokozatosan folytatédik. Az ink-
rementilis PpIX-aktivicié lehet az egyik magyarizata,
hogy a d-PDT kevésbé fijdalmas a k-PDT-hez képest
[13]. Tovabbi el6ny, hogy a d-PDT-vel nagyobb bdrfe-
lillet kezelése lehetséges [8].

A d-PDT-t befolyasolja az idGjirds. A csapadékos és
hideg id6, az erds szél akadalyozza a kezelés kivitelezé-
sét, a kezelés sordn a magas ultraibolya (UV-) sugirzis
nehezen tolerdlhatd, és fokozza a nem kivint hatdsok
(példaul bdérpir) kialakuldsinak valészintiségét [14].
Nemzetkozi konszenzus a d-PDT-vel kapcsolatosan
2012-ben sziiletett [15]. Azota szdmos orszdg vezette
be a médszert, adaptilva az adott térség foldrajzi és ég-
hajlati viszonyaira [ 16-20].

EREDETI KOZLEMENY

Moédszerek

Munkank célkittizése volt a természetes napfénnyel vég-
zett PDT bevezetése a Brgyogyaszati és Allergologiai
Klinikdn az aktinikus keratosis indikaciéjaban. A kezelés
hatékonysagdt és nem kivant hatdsait vizsgaltuk, kiilonos
tekintettel a fijdalomra. Célunk volt tovibba egy olyan
kezelési protokoll kidolgozisa, amely optimalis a helyi
éghaijlati viszonyok tekintetében is.

A vizsgilatot a Szegedi Tudomanyegyetem Bor-
gyogydszati és Allergoldgiai Klinikdjan végeztiik a Regio-
ndlis és Intézményi Etikai Bizottsdg jovahagyasaval (pro-
tokollszam: PDT-DLIGHT). A vizsgalatba torténd leg-
fontosabb bevondsi kritériumok a 18 év feletti életkor,
a fej-nyak tdjra lokalizal6do, 6 mm-t meghaladé méretti
aktinikus keratosis voltak. Klinikai vizsgilataink sordn el-
sGsorban olyan betegeket vilasztottunk be, akiknél
egyetlen, d-PDT-vel kezelendd aktinikus keratosis volt.
Multiplex aktinikus keratosis esetén ,target” laesiot je-
loltiink ki, melyet a klinikai vizsgilat sordn a hatékonysig
és a mellékhatdsok tekintetében kovettiink.

Az aktinikus keratosis diagnézisit klinikai és der-
matoszképos kép alapjan allitottuk fel. Szdvettani verifi-
kicié csak szelektdlt esetekben tortént. Kizarasi kritéri-
um volt a vizsgilatot megel6z6 6 hétben a kezelendd
teriileten alkalmazott egyéb beavatkozas (krioterdpia,
helyi gyogyszeres kezelés, sebészi vagy lézerkezelés, su-
garterdpia), valamint a fényérzékenyit$ anyaggal szem-
beni talérzékenység. A betegek részletes felviligositast
kévetSen, a beleegyezd nyilatkozat aldirdsaval erdsitették
meg a vizsgilatban valé részvételi szandékukat.

A természetes napfénnyel torténd fotodindmids keze-
lést négy 1épésben végeztiik. A kezelendd bdrteriiletet a
nemzetkozi protokoll alapjin készitettiik el [21, 22].
Az aktinikus keratosisrél a hyperkeratosist Volkmann-
kanallal eltivolitottuk. Magas faktorszimt fényvédd
krémet vittiink fel a kezelendd, illetve a kérnyezd bérte-
riiletre. Fényérzékenyits anyagként 10%-os delta-amino-
levulinsavat (DALA) tartalmazé magisztrilis krémet
hasznéltunk, melyet okklazi6 nélkiil alkalmaztunk a ke-
zelendd teriileten és 5 mm-es kornyezetében.

A vizsgilatok sordn a kovetkezd képletet haszndltuk a
kezelési dozis, a fényerSsség és a kezelési id§ tekinteté-
ben: dézis (J/cm?) = [fényerSsség (mW /cm?) x kezelési
id6 (min) x 0,6] / 10. Vizsgalataink sordn a fényerdsség
mérésére a Vector H410 dozimétert (Scientech Inc.,
Boulder, CO, USA) alkalmaztuk.

A kezelés hatékonysagat (klinikai vélasz) a klinikai és a
dermatoszképos kép segitségével értékeltiik 6 hét eltel-
tével. Komplett remissziénak (CR) tekintettiik, ha a ke-
zelt teriileten teljes regressziot értiink el, mig parcidlis
remisszionak (PR), ha a lasio legaldbb egyharmad része
regredidlt. Stabil betegség fenndllisar6l akkor beszél-
tiink, ha a lasio kevesebb mint egyharmad része regredi-
alt, mig progresszionak tekintettiik, ha a kezelést kove-
téen 6 héttel az eredeti lasio novekedését lattuk.
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Vizsgalataink sordn a klinikai valaszt befolydsolé egyéni
tényez8ket nem vizsgaltuk, és a kezelési dozisokkal vald
osszefliggést statisztikailag nem elemeztiik.

A nem kivint hatdsokat stlyossig szerint (0—4 pont:
0 = nincs, 1 = enyhe, 2 = kdzepes, 3 = stlyos, 4 = nagyon
stlyos) a kezelés utan 6 hét elteltével, illetve panasz je-
lentkezése esetén értékeltiik. A kezelés sordn fellépd faj-
dalmat vizudlis anal6g skalin (VAS, 0-10 pont: 0 = fijda-
lommentesség, 10 = elviselhetetlen fijdalom) mértiik.
A kezelést esGs id4, illetve 10 °C alatti és 35 °C feletti
kiilsé hémérséklet esetén elhalasztottuk.

Osszesen hirom klinikai vizsgilatot végeztiink d-
PDT-vel (PDT-DLIGHT-001, -002, -003). A bevondsi
és a kizdrdsi kritériumok, valamint a kezelés eredményei-
nek és nem kivant hatdsainak értékelése hasonléan tor-
tént mindhdrom vizsgdlatban. A kezelési protokoll a
négy lépésben megegyezett. Kiilonbség az egyes vizsga-
latok kozott a fényérzékenyits anyag inkubdcids idejé-
ben és a természetes napfényen torténd kezelés idGtarta-
maban volt (1. tdblizat). A nemzetkozi protokollban
javasoltakhoz képest azért valtoztattunk a paramétere-
ken, hogy a médszer a hazai éghajlati viszonyok kozott
jobban tolerdlhat6 legyen betegeink szdmadra.

A d-PDT-vizsgilatok, illetve a kordabban klinikinkon
k-PDT-vel végzett vizsgilat eredményeinek 6sszehason-
litdsa és statisztikai elemzése az IBM SPSS 26 szoftverrel
(IBM Corporation, Armonk, NY, USA) tortént. Az ada-
tok egymintds Shapiro-Wilk-préba alapjin nem bizo-
nyultak normalis eloszlastinak. A PDT hatékonysiganak
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clemzéséhez khi-négyzet-prébit, mig a fijdalomértékek
osszehasonlitisahoz a Kruskal-Wallis-prébat hasznaltuk.
A paronkénti 6sszehasonlitisokat a Dunn-féle post-hoc
teszttel végeztiik el. A CR-ek ardnyainak 6sszehasonli-
tasa a szignifikins khi-négyzet-probat kovetéen Benja-
mini-Hochberg-korrekciéval tortént. A szokisos 5%-os
szignifikanciaszintet alkalmaztuk.

Eredmények

A PDT-DLIGHT-001-es vizsgélat sordn a nemzetkdzi
protokoll alapjin a fényérzékenyits anyagot a kezelendd
bérteriileten okklazié nélkiil inkubéltuk 30 percig. Ezt
kovetGen betegeink 90 percig a szabadban napfénynek
voltak kitéve [23]. Osszesen 63 beteg (33 férfi, 30 né)
grade I-es aktinikus keratosisat kezeltiik a fej-nyak régio-
ban (arc, fejtetd, homlok, orr). A betegek atlagéletkora
75,37 év (49-92 év) volt. 1 6raval a kezelést megel6zGen
a kiiltéren mért dtlagos hémérséklet 25,63 °C (12-32
°C) volt. Felhs (1-13 °C), részben napos (10-25 °C) és
napos (17-31 °C) id6jarési feltételek mellett végeztiik a
terdpidt.

Az aktinikus keratosisok 73%-a (n = 46) CR-t, 27%-a
(n = 17) PR-t mutatott. A kezelés sordn jelentkezd f4j-
dalmat a betegek a VAS-skaldn 0,3 (0-5) pontra értékel-
ték (1. tablazat). A PDT-DLIGHT-001-es vizsgélat so-
rdan megfigyeltiik, hogy a 90 perc idStartamu kiiltéri
tart6zkodds napos és részben napos idS esetén megter-
helést jelentett idSs betegeink szdmara.

1. tablazat A ,daylight” PDT-vel (PDT-DLIGHT-1, -2, -3) és a konvenciondlis PDT-vel [27] (Gadl és mtsai) végzett vizsgilatokban részt vevé betegek, a keze-
Iési paraméterek és az eredmények
Klinikai vizsgalat »Daylight” PDT Konvenciondlis
001 002 003 MBI
Betegek A betegek szima (n) 63 30 73 22
Nem (férfi : n6) (n) 33:30 16: 14 47 :26 11:11
Atlagéletkor (év) 75,37 (49-92) 77,90 (41-97) 74,64 (51-92) 75,86 (62-92)

Kezelési paraméter | Fényérzékenyité anyag 10%-0s DALA 20%-0s DALA
Inkubicios id6 beltéren (perc) 30 120 120 240
Kezelési id6 a szabadban (perc) 90 30 10,42 (2-60) 12 perc/mezé
Mért fényerGsség (mW/cm?) NA 48,63 (7-71) 46,67 (2-92) NA
Dozis (J/cm?) NA 87,5 (12,6-127,8) 19,47 (7,2-54) 37

Klinikai valasz Parcialis remisszio, 26,98 (17) 36,66 (11) 15,07 (11) 31,82 (7)
aktinikus keratosis, % (n)
Komplett remisszio, 73,01 (46) 63,33 (19) 84,93 (62) 59,09 (13)
aktinikus keratosis, % (n)
Stabil betegség, 0 0 0 9,09 (2)
aktinikus keratosis % (n)
Progresszio, 0 0 0 0
aktinikus keratosis, % (n)

Fijdalom Fajdalom (VAS-skéla: 0-10) 0,3 (0-5) 2,13 (0-10) 0 6,94 (3-10)
Fajdalomesillapitas, 0 0 0 21

a betegek szdma (n)

DALA = delta-aminolevulinsav; NA = nincs adat; PDT = fotodinamids terdpia; VAS = vizudlis analog skala
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Ezt figyelembe véve tovibbi vizsgilatunkban (PDT-
DLIGHT-002) a fényérzékenyit anyag beltéren torté-
nd inkubdcidjanak idStartamat noveltiik, mig a szabad-
ban t6ltott kezelési id6t leroviditettiik. A fényérzékenyit
krém felvitelét kovetGen 30 perc helyett 120 percet vér-
tunk, hogy a PpIX-akkumulicié megkozelithesse a maxi-
mumit. A betegek az inkubdacids id§ alatt (délelSte 9 és
11 6ra kozott) a klinika épiiletén beliil tartézkodtak,
majd 30 percig természetes napfénynek voltak kitéve kli-
nikdnk kertjében. A kezelésekre felhds (18-29 °C), rész-
ben napos (19 °C) és napos (25-35 °C) idGjarasi feltéte-
lek mellett kertilt sor.

A PDT-DLIGHT-002-es vizsgilatba 30 beteget (16
férfi, 14 né) vontunk be, dtlagéletkoruk 77,9 év (41-97
év) volt. A kezeléseket megel6zen a doziméterrel (Vec-
tor H410) mért fényerdsség atlagos értéke 48,63 mW/
cm? (7-71 mW,/cm?) volt. A betegek 30 percet toltottek
a szabadban, a kezelési dézis értéke atlagosan 87,5 J/
cm? (12,6-127,8 J /cm?) volt (1. tiblizat). A kezelés ha-
tékonysagat 6 hét elteltével értékelve az aktinikus kerato-
sisok 63,33%-ban (n = 19) CR-t, 36,66%-ban (n = 11)
PR-t mutattak. A betegek a terdpidt jol tolerdltik, a keze-
1és sordn jelentkez fijdalom dtlagos értéke a VAS-skilan
2,13 pont (0-10) volt. A fijdalom enyhe volt, spontin
megsziint, és a kezelést egyetlen esetben sem kellett
megszakitani. A betegek 33%-a (n = 10) stlyos erythe-
mat tapasztalt a kezelést kovetd 24 o6riban, mely miatt
rendelésiinkon jelentkeztek. Lokalis bérnyugtaté kezelés
alkalmazdsa mellett par nap alatt az erythema enyhiilt,
majd teljesen megszlnt (1. dbra). Azt taldltuk, hogy
ezen betegek kezelése napos idGjardsi feltételek mellett
tortént, magasabb dézisokkal (100 J/cm? felett). Vizs-
gilatunkban a 15 J/cm? alatti és feletti dézissal kezelt
lasiok a klinikai valasz (CR és PR) tekintetében nem mu-
tattak kiilonbséget.

EREDETI KOZLEMENY

A PDT-DLIGHT-003-as klinikai vizsgalatban a fény-
erésség mérésére dozimetriat alkalmaztunk. Figyelembe
véve a 100 mJ/cm? feletti dézisokndl tapasztalt stilyos
erythemadt, tovabbi vizsgalatunkban alacsonyabb kezelési
dézisokat alkalmaztunk. A vizsgilatba 73 beteget (47
férfi, 26 né) vontunk be, dtlagéletkoruk 74,64 év (51-92
év) volt. Az itlagos fényerdsség 46,67 mW /cm? (2-92
mW /cm?) volt. A szabadban toltott atlagos kezelési id6
10,42 perc (2-60 perc) volt. A kezelések sordn a betegek
atlagosan 19,47 J/em? (7,2-54 J/cm?) dozisu kezelést
kaptak (1. tablizat). A kezelés sordn fijdalom és sulyos
erythema nem jelentkezett. A 6 hetes kontrollvizsgalat
alkalméval a kezelt aktinikus keratosisok 85%-a (n = 62)
CR, 15%-a (n = 11) PR klinikai valaszt mutatott.

Statisztikai elemzéssel megillapitottuk, hogy a négy
csoportban mért fijdalomértékek kozott szignifikins a
kiilonbség (p<0,001, Kruskal-Wallis-préba). A Dunn-
féle post-hoc analizis alapjin a klinikinkon korabban
végzett k-PDT esetén szignifikinsan nagyobb fijdalom
jelentkezett (p <0,001), mint jelenlegi d-PDT-vizsgala-
taink sordn (2/a dbra). A PDT-DLIGHT-001-es vizsgi-
latunkban alkalmazott nemzetkozi d-PDT-protokoll és a
PDT-DLIGHT-003-as vizsgalatban alkalmazott médo-
sitott protokoll alapjin végzett kezelések kozott nem
volt szignifikins kiilonbség a hatékonysig tekintetében
(p=1). APDT-DLIGHT-003-as protokoll alapjin vég-
zett d-PDT szignifikinsan hatékonyabbnak bizonyult a
k-PDT-hez képest (p = 0,003, khi-négyzet-préba) (2/6
dbra). A khi-négyzet-préba szignifikins eltérést muta-
tott a CR-ek ardnyai kozott a négy csoportban (p =
0,003), a legnagyobb arinyban (84,9%) a PDT-
DLIGHT-003-as protokoll vezetett CR-hez. A szignifi-
kins khi-négyzet-probat kovetGen a CR-ek ardnyaira
végzett Osszehasonlitds alapjan a PDT-DLIGHT-003-as

1. dbra
keratosisok komplett remisszidjit észleltiik (C)

PDT = fotodindmids terdpia

A 79 éves nébetegen multiplex aktinikus keratosisok ,,daylight” PDT-jét (d6zis: 108 J/cm?) kovetden 24 éra milva jelentkezd slyos
erythema (A). Az erythema 5 nap lokilis kezelést kivetden mérsékldote (B). A 6 hetes kontroll sordn erythema nem volt, az aktinikus
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A fajdalom eréssége VAS-skéla alapjan a klinikai vizsgalatokban
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A Komplett és a Parcialis remissziét mutat6 aktinikus
keratosisok megoszlasa a klinikai vizsgalatokban
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A, daylight” PDT-vel (PDT-DLIGHT-1, -2, -3) és a konvencio-
ndlis PDT-vel [27] (Gadl és mtsai) végzett vizsgalatokban a fij-
dalom és a hatékonysig Osszehasonlitdsa. a) A kezelés sorin
észlelt fijdalom VAS-skilin mért értékeinek osszehasonlitisa (a
szin sotétedése a fijdalom erésodését jelzi). b) Az aktinikus ke-
ratosisok tekintetében észlelt Klinikai vilaszok (komplett és par-
cidlis remisszi6) 6sszehasonlitdsa

= parcialis remisszié

2. dbra

PDT = fotodindmids terdpia; VAS = vizudlis analog skdla

protokoll (84,9%) és a k-PDT-protokoll (59,1%) kozott
szignifikins a kiilonbség (p = 0,045) Benjamini-Hoch-
berg-korrekcidval.

Megbeszélés

Az aktinikus keratosist 1826-ban Dubreuilh irta le elS-
szor [24, 25]. Klinikailag az UV-fénynek kitett bdrfelii-
leten, elsGsorban az arcon, a fejbéron jelenik meg, de
cléfordulhat a kézfejen, az alkaron és a libszdron is. A
bdéron vorosesbarna, valtozé mértékben keratoticus fel-
szin( plakk formdjéban jelentkezik, hirom stlyossigi fo-
kozatat kiilonboztetjitk meg (grade I-111.). Az aktinikus
keratosis sokszor multiplex eléforduldsq, illetve gyakori a
kiterjedt, osszefiiggs bérfeliiletet érintd, an. ,field can-
cerisation” jelensége. A diagnozist a klinikai és a der-
matoszképos kép (3. dbra) alapjan allitjuk fel, szévettani
verifikdlast csak bizonyos esetekben végziink [26].

A kumulativ UV-sugdrzis mellett az aktinikus kerato-
sis kialakuldsdra hajlamosit a viligos bértipus (Fitzpatrick
I-es, II-es), az el6rehaladott életkor, kordbbi esetleges
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3. abra

Jellegzetes dermatoszkopos kép aktinikus keratosisndl az an.
Lszamocamintazat”. A sirga szarudugoéval kitoltott, tig follicu-
lusok koriil fehér udvar lithat6, melyek kozott az erek rézsaszi-
nii hil6zatot képeznek

arzén- vagy kitrinyexpozicié, az immunszuppresszio
(példdul szervtranszplantdltak, hematologiai betegek),
a humidnpapillomavirus (HPV)-infekcié és bizonyos
genodermatosisok (példdul xeroderma pigmentosum).

Aktinikus keratosisok kezelésében a PDT igéretes ke-
zelési eljards. A k-PDT-hez képest a d-PDT egyszertisi-
tett kezelés eljards. A k-PDT esetében a fényérzékenyitd
anyagot a bérén 3 6rdn keresztiil kell okklaziéban inku-
balni, mig a d-PDT esetében 30 percig okklazié nélkiil.
A misik lényeges kiilonbség, hogy a gerjesztéshez hasz-
nélt fény d-PDT esetében a napfény, k-PDT esetében
mesterséges fényforrds. A d-PDT el6nye, hogy lénye-
gesen csekélyebb a fijdalom a k-PDT-hez képest.
A d-PDT-kezelés nemzetkozi protokollja azon klinikai
vizsgilatokon alapul, melyeket tobbségében Eszak-
Eurépédban 1év8 centrumokban végeztek. Mivel a d-PDT
szabad téren torténik, és az idGjarasi koriilmények befo-
lyasoljak a kezelés kivitelezését, hatékonysagat és elvisel-
het8ségét, sziikség van a médszer adaptaldsira a helyi
éghajlati viszonyokhoz.

Munkénk célkitizése a d-PDT bevezetése volt klini-
kidnkon aktinikus keratosisok kezelésére. A médszer te-
kintetében a nemzetkozi protokollt vettiik alapul, melyet
eredményeink fiiggvényében folyamatosan valtoztattunk
¢és adaptiltunk a helyi éghajlati viszonyokra. A k-PDT-vel
klinikinkon 2003. december 6ta végziink kezeléseket
rutinszer(en, tapasztalatainkrdl Gadl és mtsai szamoltak
be [9, 27].

A d-PDT-vel tortént vizsgilatokban betegeink atlag-
életkora 75 év koriil volt. A d-PDT-t a nemzetkozi pro-
tokoll alapjin alkalmazva az aktinikus keratosisok 73%-
dban CR-t, kozel 27%-dban PR-t értiink el. Idds
betegeink nehezen tolerltik, hogy a természetes napfé-
nyen 90 percig kell tartézkodniuk. Protokollunkat ezt
kovetGen modositottuk, valtoztattunk a klinikdn és a
szabadban eltoltendd id6tartam ardnydn, mig a kezelés
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teljes hossza lényegesen nem valtozott (120 perc versus
150 perc). A protokoll médositésa a kezelés hatékonysa-
gdn nem viltoztatott, az aktinikus keratosisok kétharma-
dindl CR-t, egyharmadandl PR-t értiink el. A 30 perces
kezelési id6vel torténd d-PDT-t kovetSen betegeink
30%-a a kezelést kovetd 24 ordban jelentkezd stlyos
erythema miatt soron kiviil megjelent rendelésiinkon.
A kezelési doézisokat elemezve megillapitottuk, hogy
azon betegeinknél jelentkezett sulyos erythema, akik
100 J/cm? feletti dézisokban részesiiltek. Protokol-
lunkat tovibb modositottuk, dozimetriat épitettiink be,
és a magas kezelési dozisok elkertilésére torekedtiink.
Ezt kovetd vizsgilatunkban az atlagos kezelési dozis 20
J/cm? koriil volt, az dtlagos kezelési idS 10 perc volt. Az
aktinikus keratosisok 85%-aban CR-t, 15%-dban PR-t ta-
pasztaltunk. Megdllapitottuk, hogy a médositott proto-
koll alapjin végzett d-PDT, melynek sordn a szabadban
toltott kezelési idSt optimalizaltuk, és alacsonyabb keze-
1ési dézisokra torekedtiink, a hatékonysdgaban viltozat-
lan, ugyanakkor jobban tolerilhat6 az aktinikus kerato-
sisban szenvedd, altalaban id8s betegpopulicié szamadra.
A kidolgozott protokoll alapjan a d-PDT-mddszert
bevezettiik klinikinkon a rutinszerd alkalmazdsba.
A d-PDT sorédn a kezelési dézis tekintetében az alsé kii-
szobértékre van ajénlds, mely 8 J/cm? [19]. Az irodalmi
adatok és sajit vizsgalataink alapjin a kévetkezd proto-
kollt dolgoztuk ki. A kezelni kivint bdrteriiletrdl a
hyperkeratosis eltdvolitdsa javasolt. A kezelendd és a kor-
nyez$ bdrteriiletre magas faktorszdmt fényvédd krém
javasolt. A kezelés soran a 10%-os DALA-tartalmi ma-
gisztralis krémet 120 percig inkubéljuk a b6ron okkltzié
nélkiil. A kezelési dozis felsé kiiszobértéke 100 J/cm?,
mig az irodalmi adatokat figyelembe véve alsé kiiszobér-
téke 8 J/cm?. Dozimetria segitségével hatirozzuk meg
a szabadban eltoltendd kezelési idét. A d-PDT-t méjus
és oktéber kozott végezziik. EsSs id6, 10 °C alatti vagy
35 °C feletti idGjaras esetén a kezelést nem végezziik.

A PDT-t cutan és subcutan tumorok kezelésére 1978-
ban alkalmaztik el6szor. A médszer azéta jelentSs fejlé-
désen ment keresztiil, az innovéci6 napjainkban is folya-
matosan tart. A d-PDT kivitelezését bizonyos id8jarasi
koriilmények akadilyozzik, ami egyes orszigokban je-
lent@sen limitdlja a médszer alkalmazhatésagat [28, 29].
Ezen probléma kikiiszobolésére d-PDT-kezeléssel pro-
balkoztak iiveghdzban, illetve beltéren olyan fényforra-
sokat alkalmaztak, amelyekkel szimuldlni lehet a napfényt
[30]. A kezelési dozis meghatarozasahoz sziikséges fény-
er@sség mérésére csukléra rakhaté személyes dozi-
métereket (personal electronic dosimeter wristwatch,
SunSaver UV dosimeter) fejlesztettek ki. A d-PDT ott-
honi alkalmazasanak jelent&sége mar korabban is kérvo-
nalazédott, melyet a pandémia megerdsitett. A beteg
altal otthon elvégezhetd kezelést segiti az okostelefonra
letolthetS applikdcié (SmartPDT) [31]. Az alkalmazds
miholdas alapt, kozel valés ideji dozimetridn alapuld
méréssel meghatirozza a kezelés idedlis napjit és a
szabadban eltoltendd id6t. A kezelés koriilményeit és pa-
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ramétereit a beteg és a kezelGorvos is tudja kovetni az
applikicio segitségével. LehetSség van a kezelt borelval-
tozasrol fotd feltoltésére, mely alapjin teledermatologia
keretén beliil a bérgybgydsz meg tudja itélni, hogy sziik-
séges-¢ tovabbi kezelés.

Kovetkeztetés

A bérlaphdmrakok tekintetében kiemelkedd fontossiga
az aktinikus keratosisok kezelése. A PDT olyan médszer,
amely sorozatos innovacién ment keresztiil. Az eljirds
fejlesztése napjainkban is folytatodik. Vizsgilataink sordn
a d-PDT nemzetkozi protokolljat adaptaltuk. Eredmé-
nyeink alapjan a kezelés hatékony az aktinikus keratosis
indikicidjiban, és betegeink szamadra jol tolerdlhaté a he-
lyi éghajlati viszonyok kozott.

Anyagi tamogatis: A kozlemény megirasa, illetve a kap-
cs0l6d6 kutatébmunka anyagi timogatdsban nem része-
stilt.

Szerzdi munkamegosztis: A klinikai vizsgdlat elvégzése,
»daylight” fotodindmids terdpia gyakorlati alkalmazdsa:
A. D, B. E. Kontroll bérgyogyaszati vizsgilat: A. D.
Kontroll onkoldgiai szakvizsgalat: O. H., B. E., O. J.
Dozimetria alkalmazasa: I. F. Szakmai iranyelvek: K. L.,
B. E. Statisztikai elemzés: V. D.-R. E., R. E. A cikk vég-
leges viltozatit valamennyi szerzd clolvasta és jovi-
hagyta.

Erdekeltségek: A szerzéknek nincsenck érdekeltségeik.
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