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ABSTRACT

Photodynamic therapy (PDT) is a treatment method gaining worldwide attention. The paper overviews stud-
ies on PDT, as it may be applied in many medical disciplines, such as dermatology, urology, gynaecology, the 
therapy of head and neck cancers, and age-related macular degeneration. Recently, the development of this 
method has sped up, which is related to the appearance of new photosensitizers and optimised dosimetry of 
light. Current studies indicate that PDT is a signifi cant support for conventional treatment protocols in many 
cases.

Introduction

Photodynamic therapy (PDT) is a modern medi-
cal method for both diagnostic and therapeu-
tic purposes [1–4]. It is used to combat various 
external and internal diseases. In PDT, a specifi c 
wavelength of light is used to excite the photo-
sensitizer (PS), which helps make reactive oxygen 
species, such as singlet oxygen. A potential PS 
for PDT has to fulfi l numerous requirements that 
guarantee the safety, effectiveness, and competi-
tiveness of the treatment. It means that potential 
side effects related to PS are limited. Moreover, 

PS should be selective towards pathological-
ly changed cells and non-toxic towards healthy 
ones. PS manufacturing costs are also essential 
[1,5,6]. Intensive research on PS preparation and 
potential applications with high affi nity for dis-
eased tissues is underway. One can increase PS 
selectivity by combining antibodies or nanoparti-
cles with the PS molecule [7]. PSs have also been 
applied in medicine in diagnostics, especially in 
photodynamic diagnosis – PD and therapeutic 
methods – PDT [8]. PDT is a medical treatment 
that uses light-sensitive drugs called PSs, admin-
istered locally or systemically. After irradiation 
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with light of an appropriate wavelength, the excit-
ed PS molecule can transfer the energy to neigh-
bouring molecules [9–12]. Thus, the excited PS 
molecule can transfer the energy to oxygen mol-
ecules, forming reactive oxygen species (ROS) 
like singlet oxygen, hydroxyl radical, or superox-
ide. ROS can cause several effects in cells, e.g., 
damage to cellular membranes or organelles, 
such as mitochondria or nuclei. It could lead to 
the activation of apoptosis or necrosis pathways 
[13,14]. The most desirable are PSs with maxi-
mum absorption in the so-called therapeutic win-
dow between 600 and 850 nm [15]. An appropri-
ate laser or LED lamp is usually recommended to 
induce fluorescence in PD. The light source emits 
a wavelength of around 400 nm (near UV range/
blue light), which results in the red fluorescence 
of a contrasting agent (PS). The identifi cation of 
malignancies or lesions is possible through the 
accumulation of PS molecules inside affected 
cells. [13]. The PD has an advantage over other 
optically assisted diagnostic methods because of 
the fluorescence that makes lesions more visible 
due to the selective uptake of the PS molecules. 
This phenomenon grants PD high specifi city and 
sensitivity, compared to other more conventional 
diagnostic methods (regular cystoscopy or der-
matoscopy) in white light [16]. Faster diagnosis 
provided by PD allows for detection in the early 
stage of the disease and establishes the correct 
treatment protocol [14].

Photodynamic methods 
for dermatology

One of the most severe skin diseases is cutane-
ous melanoma, which constitutes approximately 
1.7% of all malignant cancers diagnosed annu-
ally worldwide. The survival and outcomes of the 
treatment are strongly tied to the development 
stage of the malignancy, thus making regular 
screenings a critical aspect of preventive actions. 
The risk of melanoma occurrence is higher when 
the patient meets the following conditions: a fair 
skin type, multiple atypical moles, or a fam-
ily history of melanoma. The most frequently 
used screening method is a complete body-skin 
examination using dermoscopy or other imaging 
methods, which requires a trained physician [17]. 
In light of the need for a fast and reliable method 

of skin examination, the phenomenon of mela-
noma cell auto-fluorescence was considered. 
As the melanoma tissue contains molecules that 
have the character of fluorophores (i.e., lipofuscin 
and melanolipofuscin), they can be easily differ-
entiated from the healthy tissue in a non-invasive 
manner [18].

Considering the treatment strategies, tradi-
tional surgical excision is still the most common 
way to deal with topical lesions, as it applies to 
many malignancies at various developmental 
stages [17]. However, this approach reveals some 
limitations due to its highly invasive nature and 
limited selectivity, resulting in a high-margin area 
of healthy tissue that must be removed along with 
the cancerous tissue. As a topical skin disease, 
melanoma can be treated using PDT as an alter-
native method to traditional surgical treatment 
[19]. The main advantages of PDT are the appeal-
ing cosmetic effects left after the treatment and 
its high selectivity for malignant cells. Some limi-
tations of PS for PDT can be further improved 
with nanocarrier technology. Some limitations of 
PS for PDT can be further improved with nano-
carrier, technology. PDT was successfully used 
in treating IV-stage metastases of pigmented 
melanoma with chlorin e6 (Ce6) as the PS, result-
ing in an excellent outcome, no recurrence, and 
no after-treatment toxicity [19]. Another advan-
tage of Ce6 is that it can be used parallelly as 
the PS and as the imaging agent coupled with 
a nanocarrier, thus leading to a precise, real-time, 
two-colour image with the green fluorescence 
protein (GFP) expressing melanoma cells of the 
treated region. 

More importantly, this strategy also allows 
for the early prediction of the treatment out-
come, providing information on the deposition 
of the active agent [20]. What needs mentioning 
is a possible connection between melanin con-
tent and the classical PS molecules. As melanin 
in vivo displays strong absorption in the range 
of 500–600 nm wavelength, it may compete with 
some PSs, e.g., Photofrin, which reveals absorp-
tion around 630 nm [19]. However, replacing the 
PS removes the inconvenience easily. For exam-
ple, bacteriochlorines can be used as they reveal 
the characteristic Q band long-wavelength absor-
bance at around 770 nm that can be even further 
extended with different molecule transforma-
tions by adding ligands, chelating metal ions to 
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the core, or further modifi cations of the macro-
cyclic system, leading even to bacteriopurpurin-
imides with the maximum at 836 nm [21]. In this 
case, they present absorption maxima that do not 
overlap with the absorption range of the melanin 
and thus do not affect the effi ciency of the poten-
tial treatment.

One of the key aspects influencing the effec-
tiveness of PDT, primarily when the therapy tar-
gets the circulatory system, is the degree of oxy-
genation of the tissue in which the process occurs 
[22]. Damage to blood vessels can rapidly disrupt 
the delivery of oxygen to tissues and thus signifi -
cantly reduce the effectiveness of PDT. Photo-
dynamic therapy directed against some cancers 
in such a situation may be self-limiting. Also, in 
many tumours, the degree of oxygen supply to the 
tissues can be very inhomogeneous due to the 
chaotic and pathological process of angiogene-
sis, leading to an unevenly distributed activity of 
the photosensitizer, which is directly dependent 
on oxygen [22]. From this perspective, develop-
ing protocols enabling PDT to operate even in 
unfavourable conditions remains fundamental. 
Over the last few years, it has been proposed to 
implement several modus operandi, e.g., using 
interval exposure and chemical oxygen sources 
such as hydrogen peroxide. Another approach 
to this issue is developing photosensitisers that 
will generate ROS not only by type II photody-
namic reaction but also by type I (less sensitive 
to oxygen concentrations) and type III (practically 
insensitive to the presence or absence of oxygen). 
While the number of photosensitisers based on 
the type III photodynamic reaction is still limited, 
the development of molecules generating ROS in 
the I and II photodynamic reactions is auspicious 
[23,24]. Bacteriochlorins require special atten-
tion in this context. They have many desirable 
features, such as high photostability, a relatively 
long lifetime in the excited state, and high quan-
tum effi ciency of oxygen generation. In addition, 
bacteriochlorins are characterised by low dark 
toxicity and light activity, even at low concentra-
tions [25]. An essential aspect, however, is their 
ability to generate ROS by applying type I and 
type II mechanisms. 

Zhu et al., who compared the activity of chlo-
rins vs. bacteriochlorins vs. porphins, present-
ed an interesting perspective. Their study indi-
cated that bacteriochlorins revealed the highest 

absorption band, were the most effective anti-
cancer agent, and simultaneously had the low-
est dark toxicity in all compared macrocycles 
[26]. Also, in the case of skin cancer, formulations 
based on bacteriochlorins have brought a signif-
icant breakthrough in PDT. For a long time, the 
scientifi c community was sceptical about the use 
of photodynamic therapy in the treatment of mel-
anoma. First of all, radical resection of the neo-
plastic lesion with a large margin of normal tis-
sues has been considered the therapy of choice 
for many years. A signifi cant challenge was mel-
anoma cells' high concentration of endogenous 
pigment compounds. Their presence signifi cantly 
reduces the interaction of lower-wavelength light 
with the photosensitizer. Therefore, using bacte-
riochlorins, whose absorption maximum is usual-
ly over 700 nm, proved an interesting possibility. 
Mroz et al. conducted ground-breaking research 
in 2010 on the use of bacteriochlorins to treat 
melanoma. Their intervention in a mouse model 
provided a signifi cant survival advantage, with 
20% of cures [27]. Experiments using redaporfi ns 
in Pluronic P123 produced even better results. As 
a result of the protocol, obtaining even a 100% 
long-term cure rate in B16F10 tumour-bearing 
mice was possible. Considering these results, the 
use of bacteriochlorins in treating skin lesions 
has up-and-coming prospects [28].

Photodynamic methods 
for acne treatment

Acne vulgaris is a long-lasting, inflammatory skin 
condition that many things can cause, mainly 
hyperseborrhea (excess sebum), environmen-
tal factors, dietary choices, smoking, stress, and 
bacterial infection with Cutibacterium acnes [29]. 
PDT is another way to treat this condition. The 
application of PDT allows for reducing the number 
of C. acnes colonies and down-regulating sebum 
secretion, but the entire mechanism is unknown 
to date [30]. Despite that, using PDT against acne 
exhibits promising results, especially in severe 
and moderate cases resistant to conventional 
systemic treatment strategies with antibiotics 
or retinoids [30]. For this purpose, aminolevulinic 
acid (ALA) is mainly used and researched as the 
PS-protoporphyrin IX (PPIX) precursor. The idea 
behind the phototoxic effect after ALA is applied 
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to the skin is that this simple molecule is a build-
ing block for heme during its biosynthesis path-
way. As the topically applied ALA enters the cells, 
it is converted in a few steps to the PPIX, which 
accumulates since the ferrochelatase (the fer-
rous ion-inserting enzyme – creates heme) is the 
slowest-acting enzyme of this biochemical path-
way, thus rate-limiting. The PPIX has character-
istic red fluorescence and, when sun-exposed, 
acts as a PS [31]. As the ALA molecule is rela-
tively polar, its permeability must be considered 
mainly because of the lipophilic character of the 
stratum corneum. However, this may also be its 
advantage since some types of lesions caused by 
acne tend to exist close to the surface of the der-
mis, resulting in easier permeability for the tar-
geted regions [32]. In the case study of ALA-PDT, 
the combination of 10% ALA cream and red LED 
light (630 nm, 40–80 J/cm²) was applied against 
severe acne in three PDT sessions performed 
one week apart from each other, resulting in sig-
nifi cant improvement after one month with a per-
sisting effect up to four months after the last 
treatment [30]. The side effects of this treatment 
were mild exfoliation, erythema, and mild oede-
ma lasting about 2–4 days after the procedure. 
What is worth mentioning is that no additional 
scarring or pre-existing scars changed signifi -
cantly. Moreover, an improvement in skin texture 
was reported [30].

Photodynamic methods for the 
treatment of oral leukoplakia 

Oral leukoplakia (OL) is a pathological lesion orig-
inating from the mucosa of the oral cavity with 
signifi cant potential for developing malignancy 
[33]. OL is a disease that benefi ts from developing 
treatment strategies since there is no clear evi-
dence of effective treatment preventing cancer-
ous transformation or the recurrence of OL [34]. 
One of the advantages of PDT is that it only affects 
treated regions, making it a non-invasive way to 
treat premalignant lesions. A 20% Ce6 and 10% 
dimethyl sulfoxide gel with an occlusive dressing 
was put directly on the damaged mucosa and the 
healthy tissue around it for an hour before the light 
treatment to see if PS Ce6 could be used. Illumi-
nation was performed with a semiconductor laser 
at the wavelength of 660 nm. The procedure was 

repeated ten times at two-week intervals, result-
ing in a signifi cant mean lesion area and reduc-
tion of lesions to 79.3%. The overall effi cacy of the 
treatment was noted at the level of 70.9% for the 
non-smoking group, whereas the smoking group 
did not respond to the treatment [33].

Besides Ce6, ALA can be used to treat the OL. 
For example, a 20% ALA gel was applied to the 
defective mucosa 2 hours before the treatment. 
A 395 nm UVA flashlight was used just before the 
treatment to check for the presence of the PPIX 
in the treated regions. A lesion that had exhib-
ited red fluorescence (giving evidence of PPIX 
presence) could undergo the laser treatment. 
Local oral anaesthetic medicine – primacaine 
was administered prior to irradiation with light at 
632 nm to decrease discomfort during the laser 
therapy. As a result, a high positive response to 
ALA-PDT was observed in 86.2% of the patients. 
The rest, 13.8%, responded little [34].

Photodynamic methods for urology

Prostate cancer constitutes one of the most com-
monly occurring malignant tumours worldwide in 
men, the second after lung cancer [35]. The main 
symptoms of prostate cancer are discomfort 
and diffi culties during micturition, urine incon-
tinence, pollakiuria, dysuria, hematuria, bladder 
pressure, and a narrow stream of urine [36]. Com-
pared to trans-rectal ultrasonography or digital 
rectal examination, fi nding out the levels of pros-
tate-specifi c antigen (PSA) in the blood is the best 
way to diagnose. However, if any of these exami-
nations reveal an abnormality, prostate biopsy or 
multiparametric magnetic resonance imaging is 
recommended to properly locate and estimate the 
character of the malignancy [37]. The treatment 
options for high-risk prostate cancer are exter-
nal beam radiation therapy, long-term androgen 
deprivation therapy, and radical prostatectomy, 
the last one being especially invasive and asso-
ciated with many after-treatment unwanted out-
comes such as nerve or muscular tissue damage 
involved in excretory or erectile functions result-
ing in, i.e., impotence, affected micturition, incon-
tinence [35,38].

PDT may meet these clinical needs, strongly 
improving selectivity and, for some PSs, allow-
ing the performing of in vivo image-guided PDT, 
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potentially improving the accuracy and the out-
come. For increased selectivity, the PS molecules 
(Pc413 and IR700) were conjugated with peptide 
targeting the prostate-specifi c membrane anti-
gen (PSMA), providing high-affi nity PDT agents 
with a binding force greater than 4.6-fold com-
pared with related Cys-CO-Glu ligand. Comparing 
the imaging effi ciency in vivo, the PSMA-1-Pc413 
demonstrated a much clearer image and accu-
mulated in the murine prostate region. However, 
after PDT, both conjugates demonstrated sig-
nifi cant tumour regression [38]. Another PS used 
for prostate cancer was padeliporfi n (Tookad®), 
used as a vessel-targeting agent in the type of 
focal therapy called vessel-targeted PDT. The 
technique depends on the intravenous adminis-
tration of the PS, resulting in the systemic pres-
ence of the pro-drug and localized activation of 
the PS by exciting it with appropriate light pro-
vided by optical fi bres inserted into the affected 
prostate regions [39,40]. This approach provides 
excellent outcomes for patients with low-risk 
prostate cancer, being effective, safe, and easy to 
perform in ambulatory conditions and also giving 
the patient the comfort of being discharged on 
the same day of the procedure. The limitation of 
this approach is related to the systemic admin-
istration of the PS, making it mandatory for the 
patient to avoid direct sunlight exposure up to 48 
hours after the procedure. The other effects are 
postprocedural pain and rarely urethral stricture 
and incontinence [39,40]. Curcumin derivatives 
also found their place among PSs with the poten-
tial to act against prostate cancer. The in vitro 
evaluation indicated that 7-bis(4-hydroxyphenyl)-
1,6-heptadiene-3,5-dione had a promising pho-
totoxic effect, resulting in the high reduction of 
the LNCaP cell line, at the same time having the 
lowest dark toxicity [41]. New PS delivery mecha-
nisms and nanoparticles, which aim to increase 
the solubility and bioavailability or even provide 
additional properties, i.e., allow for PET and opti-
cal imaging, inhibit enzymes crucial for cellu-
lar redox homeostasis or allow for radiotherapy, 
are being developed to improve PDT treatment 
effi cacy [42–44]. A set of three novel fluorinated 
porphyrinoids (porphyrin, chlorin, and isobacteri-
ochlorin) were synthetised, entrapped in self-as-
sembling polyvinylopyrrolidone (PVP), giving the 
advantage of lower aggregation, thus better per-
severance of photophysical properties of these 

moieties. The formulations were tested against 
neoplastic, androgen-independent human pros-
tate cell line PC-3, with the highest reduction in 
cell viability for the formulation containing iso-
bacteriochlorin derivative [42].

Photodynamic methods 
for bladder cancer

Urothelial carcinoma (UC), or bladder cancer, 
ranks high at fourth place, constituting 6% of the 
estimated new cancer cases in the USA only [45]. 
While a diagnosis of UC mainly relies on recog-
nizing the fi rst symptoms, which might be pain-
less hematuria, dysuria, or urgency, bladder ultra-
sonography or cross-sectional imaging helps 
to identify malignancy. However, according to 
the European Society for Medical Oncology, the 
unequivocal diagnosing techniques are transure-
thral resection, biopsy, and histological evalua-
tion or cystoscopy [46].

A signifi cant improvement when using PS is 
the possibility of performing fluorescent cystos-
copy, which up to 30% more accurately detects 
tumorous lesions in the bladder than a standard 
white light cystoscopy [47]. Commonly used pre-
cursors of PS for this type of PD are 5-aminole-
vulinic acid (ALA) or its hexyl ester (HAL), the 
main advantage being the possibility of locating 
them into the bladder, thus not causing systemic 
phototoxicity. Both of these compounds depend 
on the exact mechanism mentioned earlier. ALA 
or HAL administration results in fluorescent PPIX 
accumulation in the malignant tissue, which pro-
vides a contrasting and phototoxic effect while 
being excited with appropriate light wavelength 
[47]. Another molecule researched for UC PD is 
hypericin, which can emit fluorescence much 
longer (up to 16 h after the administration) [47]. 

Regarding diagnosis, PDT can also be suc-
cessfully used against the UC, providing many 
advantages such as safety, high selectivity, lower 
systemic stress compared to conventional che-
motherapy, and ease of executing the procedure 
[48]. The intravesicular HAL solution was admin-
istered to 17 patients with high-risk or interme-
diate non-muscle-invasive UC. A wide-spectrum 
light source was coupled with a single quartz 
fi bre, and placed in a transurethral irrigation cath-
eter to irradiate the bladder wall. After six months, 



Journal of Medical Science 2023;92(4) 333

52.9% of patients were tumour-free. However, the 
long-lasting effect (21 months after the proce-
dure) of the absence of the tumour was main-
tained only in 2 patients [48]. One of the challeng-
es of the PDT of tumours is hypoxia. 

For this reason, an oxygen generating MnO2 
nanoparticles (oxygen generating agent) were 
synthesised. They were then coupled with human 
serum albumin (HSA) and Chlorin e6 (the PS), 
forming the HSA-MnO2-Ce6 complex, which was 
evaluated in the in vitro and in vivo studies [49]. 
The inclusion of an oxygen-generating compo-
nent in the HSA-MnO2-Ce6 nanoparticles (NPs) 
had a signifi cantly enhanced cytotoxic effect 
while irradiated with the laser, resulting in the 
lowest cell viability compared to the HSA-Ce6 
and HSA-MnO2 with the second not displaying 
photoreactivity. Moreover, the HSA-MnO2-Ce6 
NPs provided excellent tumour-targeting ability 
while not exhibiting apparent accumulation in the 
mice with normal bladder [49].

Photodynamic methods for 
the ophthalmology fi eld

The term macular degeneration refers to the 
age-related variations within this structure. 
Age-related macular degeneration (AMD) occurs 
in two forms: exudative (wet) and atrophic (dry) 
[50]. The dry form occurs signifi cantly more often 
than the wet form and constitutes 80% of these 
types of degeneration [51]. Part of the utter-
most common symptoms of the AMD wet form 
implicates blood stroke enclosed by the choroid, 
which can cause the production of vascular-fi -
brous membranes located beneath the retina. As 
a result, the oxygen supply is obstructed in the 
retina's outer parts, which are situated photore-
ceptors, leading to their degradation and gener-
ating permanent, irreversible retina devastation, 
termed ‘disciform macular degeneration’. The 
cause of the dry-type macular degeneration is 
considered progressing thinning and atrophy of 
the retina close to the macula lutea. The after-ef-
fect of the described pathologies is loss of macu-
lar function and limited vision in the central part. 
Qualifying patients with AMD for PDT treatment 
comprises visual acuity tests with best correc-
tion – stereoscopic examination of the fundus 
with lenses after pupil dilation [52], colour fun-

dus photography, and fluorescein angiography. 
Among the indications for PDT therapy is the 
presence of subfoveal choroidal neovasculariza-
tion developing during AMD, myopia, or histo-
plasmosis [53].

A contraindication for PDT is a serious pig-
ment epithelial detachment and its atrophy or 
fracture. After the procedure is performed, hos-
pitalization is not required and can be complet-
ed in an outpatient clinic. Side effects of macu-
lar degeneration PDT are occasional, and their 
process is mild. In AMD therapy, Verteporfi n is 
applied as a PS as lyophilized powder under the 
trade name VISUDYNE® [54]. Furthermore, oth-
ers report the results of combining PDT with tri-
amcinolone (tc) acetonide injections into the vit-
reous body. Thirteen patients with an exudative 
form of AMD, in whom previous PDT had not giv-
en expected improvement, underwent this pro-
cedure, and they were administered 4 mg tc into 
the vitreous body after 48–72 hours PDT was 
performed. Patients were monitored regarding 
initial side effects in the fi rst and seventh days 
after the procedure and every three months 
afterwards. Improved vision has been noted 
in the case of 76.9 % of treated patients. These 
results have raised hope in patients with ineffec-
tive PDT [55].

Photodynamic methods 
for gynaecology

There are few gynaecological diseases in which 
photodynamic methods can be used. It concerns, 
e.g. lichen sclerosus, leukoplakia vulvae, malig-
nancies (uterine/cervical, endometrial, ovarian) or 
endometrial hyperplasia [56]. The vulvar leukopla-
kia is a non-tumour-like lesion with an underly-
ing chronic inflammatory skin disease of unclear 
aetiology. Postmenopausal and peri-menopaus-
al females are mainly affected (approximately 3%, 
compared to children and men 0.1%-0.7%) with 
vulvar lichen sclerosus (VLS), which often mani-
fests as itching, burning pain, and sexual dys-
function that eventually leads to decreased life 
quality of the patient [57].

Traditional treatment strategies leave a wide 
area to improve on, especially in reversing the 
progression and in the treatment's cosmetic out-
come–lasers used to treat VLS are usually abla-
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tive; thus, they cause scarring and pain during the 
procedure [58]. Current methods focus on allevi-
ating or eliminating symptoms, mainly the pru-
ritus of the vulvar regions, by topical application 
of corticosteroids, hormones, or retinoic acid. 
However, these solutions are not the best-looking 
long-term, especially considering the usage of 
corticosteroids, which may pose a risk of causing 
irregular skin pigmentation or atrophy; thus, sur-
gical intervention is also a part of VLS treatment 
with a focus on atypical hyperplasia. [57] Con-
sequently, it is highly recommended that PDT be 
applied against the VLS. A study on ALA topical 
application on the lesions included 30 patients 
who had failed prior conventional treatment.. 
A gel of 20% ALA concentration was adminis-
tered on the affected skin and left for three hours, 
after which the patient was treated with a 635 nm 
LED light. After a six-month follow-up, patients 
demonstrated signifi cant improvement in the 
diminished pruritus and burning pain. Out of 28 
patients complaining of itching before ALA-PDT, 
25 after the treatment claimed that the symp-
tom disappeared utterly, and the remaining three 
patients were also relieved considerably [57]. 
Another study on the group of 70 patients which 
used ALA-PDT against vulvar leukoplakia was 
performed using Alasens®, as an aqueous solu-
tion of concentration 0.5% topically applied 3–4 
hours before the irradiation with an LED light of 
the 630 nm wavelength [59]. The procedure was 
performed three times at an interval of 24 hours, 
and during the irradiation period, it was evaluat-
ed based on the decrease of fluorescence of the 
lesions. The decreased fluorescence intensity in 
the treated tissue indicates that the accumulated 
PPIX in the cells converts to photo-reduced forms 
of "photoproducts," and the photodynamic effect 
was reached. It shows that the method is effective 
and constitutes a promising alternative to treat 
and prevent malignant transformation of vulvar 
lesions [59]. Another meaningful advantage of the 
PDT is that it can be successfully used against 
uterine endometrial cancer while preserving fer-
tility in young females (under 35) [60]. A group 
of 16 patients with endometrial carcinoma (EC) 
without myometrial invasion were retrospectively 
evaluated on the effi cacy and overall outcome of 
PDT. In all cases, a derivative of hematoporphy-
rin (Photogem®) was used as a PS in the form of 
an intravenous injection of a dose of 2 mg/kg 48 

hours prior to the irradiation with a laser light of 
630 nm. A cylindrical optical diffusion fi bre deliv-
ered the light. The fi bre was inserted in the endo-
cervical canal, or the balloon-type diffuser was 
installed in the endometrial cavity and fi lled with 
a standard saline solution.. Twelve of 16 patients 
initially demonstrated complete remission after 
the treatment; 4 had recurrence. However, the 
PDT was performed again, leaving the fi nal posi-
tive response rate at 68% (11/16). Seven of the 
patients attempted pregnancy, and 4 of them had 
seven successful pregnancies resulting in a total 
of 6 live births [60]. Considering the statistics of 
EC incidence the statistics of EC incidence, it is 
far more common in females of reproductive age 
(1 in 359) from birth to the age of 49. This retro-
spective study gives hope that PDT, among the 
previously mentioned advantages, can also be 
used as a treatment strategy that preserves fer-
tility [45,60].

Photodynamic methods for 
head and neck tumors

Tumours of the head and neck are mainly treated 
surgically. The usage of the PDT in neurosurgery 
was a breakthrough. In tumour surgical proce-
dures, the surrounding tissues endure damage. 
PDT treatment diminished the risk of damage to 
healthy tissue surrounding the lesions. Once the 
therapy is completed, the risk of developing new 
poundings on the periphery of the tumour dimin-
ishes to a minimum [61]. 

The autofluorescence phenomenon can also 
be employed to diagnose neck and head cancers 
[62]. The discussed method reduces the possi-
bility of making a lapse in choosing, for example, 
biopsy sampling locations or misdiagnosis. Cell 
autofluorescence is the result of the UV radiation 
source and endogenous compounds, for exam-
ple, aromatic amino acids (tryptophan, tyrosine, 
phenylalanine) or coenzymes (NADH-nicotin-
amide adenine dinucleotide, NADPH – reduced 
NADH form, FAD – flavin adenine dinucleotide, 
FMN- flavin mononucleotide or else folic acid). 
The most eminent advantage of autofluores-
cence diagnostics has become the prospect of 
lesion imaging, even in patients with severe radi-
ation-induced reactions and in advanced stages 
of a disease or after radiotherapy [63].
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Reported experiments confi rmed the described 
method's usefulness in oral tumour diagnostics. 
Forty-seven oral cancer lesions, fi fty-four pre-
cancerous lesions, and thirty-nine normal oral 
mucosa controls were analyzed, which conduct-
ed white light images and VELscope® (Visually 
Enhanced Lesion Scope; LED Dental Inc., White 
Rock, B.C.) autofluorescence images taken with 
a digital camera. After detection and autofluo-
rescence analysis, the average intensity and het-
erogeneity of the changed areas were calculated. 
The results of the presented method confi rmed 
that it is entirely sensitive and specifi c for detect-
ing cancerous lesions [64]. Among the PSs, ALA 
merits particular attention because it converts 
to PPIX and selectively accumulates in malig-
nant glioma cells. After that, violet-blue light irra-

Figure 1. Summary.

diation of PPIX leads to its excitation, which ulti-
mately leads to the destruction of cancer cells. 
In head and neck surgery, the autofluorescence 
phenomenon is used for intraoperative diagno-
sis to detect remaining glioma cells in bound-
ary surgical areas for radical removal of lesions. 
Based on research, the described technique 
called ALA-PD proves its effi cacy in increasing 
the length of patients outliving after surgery [65]. 
The specifi c location of head and neck cancers 
gives rise to frequent relapses. There has been 
a search for possibly minimally invasive treat-
ment methods [66], and PDT perfectly fulfi ls this 
parameter. The evaluation of the treatment of 
recurrent facial lesions surgical methods and 
radiotherapy indicates limited medication capa-
bilities, a high risk of complications, and statisti-
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cally low patient benefi ts. In such cases, PDT lim-
its the prevalence of adverse and side effects of 
radiotherapy and enhances the prospect of com-
plete recovery [67]. Amidst advantages in favour 
of PDT usage should be mentioned: the possibil-
ity of reprised procedures, local effects of PSs, 
and its selectivity regarding changed tissues 
[68,69]. The major problem is the accumulation of 
PSs in the body. In the event of ALA usage, PPIX 
accumulation occurs due to the overloading of 
cellular metabolisms of porphyrins. Systemically 
administered ALA undergoes quick elimination 
with a terminal half-life of about 1–3 hours [70]. 
Other PSs used in the treatment of head and neck 
tumours are HPD – sodium porfi mer (Photofrin®); 
meta-tetra(hydroxyphenyl) chlorin (Foscan®) [71]; 
boronated porphyrin (BOPP®) [72]; lutetium tex-
aphyrin (Lutex®) [73].

Summary

PDT is considered one of the most intensively 
developing modern treatment methods. Its main 
attributes are low cost, universality, low toxic-
ity, high selectivity, and ease of use. Considering 
the spread of cancerous diseases, PDT develop-
ment could be benefi cial as a complementary 
approach in modern oncology. Despite the sig-
nifi cant successes achieved with photodynam-
ic therapy (PDT) in fi ghting cancer, there is still 
room for improvement in several areas. Further 
development of PDT depends on developing PSs 
characterised by better selectivity and improving 
light sources that will deliver the necessary light 
for therapy to hard-to-reach areas of the human 
body. The development of PDT holds great hope 
for combating tumours and improving our quality 
of life. Figure 1 shows a summary.
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