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Photodynamic therapy (PDT) is a relatively young but rapidly developing method of treatment. Currently,
PDT is widely used in dentistry, dermatology, oncology and other fields of medicine. Cases of successful
treatment of tumors of the head and neck, brain, lungs, pancreas, colon, breast, prostate, bladder, cervix and
skin using PDT are described in literature. In addition, the effectiveness of PDT in the treatment of bacterial
and fungal infections has been repeatedly proved. To date, there are a large number of studies on the use of
PDT in various diseases in adults, but few data on this subject in children. The authors have been searching for
publications in the electronic databases PubMed, Google Scholar and eLibrary by the following keywords:
"PDT", "photodynamic therapy", "pediatrics", "children", "dermatology", "dentistry", "pulmonology", "ophthal-
mology", "oncology". The search was conducted from the moment of the foundation of the corresponding da-
tabase to August 2023. PDT is an innovative method of treating neoplasms and bacterial infections. On the
basis of the data obtained while conducting the study, it can be confirmed that applying PDT allows to reduce
the number of surgical interventions and achieve the best treatment results. All the studies and clinical cases
with the use of PDT in the treatment of various diseases in children, which are presented in this review, dem-
onstrated that the treatment results were better than those with standard therapy. However, certain limita-
tions must be taken into account, these include difficulties in selecting a photosensitizer and its route of ad-
ministration. At present PDT is being actively studied in the pediatric population, but there are still many gaps
that require additional large-scale studies.

Keywords. Photodynamic therapy, PDT, dermatology, pediatrics, children, oncology, ophthalmology, dentistry.

OCymecTBNeH aHAIU3 IUTEPATYPHBIX JJAHHBIX, TTOCBAIIEHHBIX UCTIONB30BAHUIO (DOTOANHAMUYECKON TePa-
iy (OIT) npu paznuuHbIX 3200/€BaHUAX B NeAuaTpudeckort nonyaauuu. T — oTHOCUTENBHO MOJIO-
JIOi1, HO OBICTPO Pa3BUBAIONIMKCA MeTOJ evyeHus. B Hacrosmee spema OIT akTUBHO IPUMEHAETCH B CTO-
MaTOJIOTUH, IEPMATONOTMH, OHKOJIOTUU U JIPYTUX OOMACTAX MEAUIMHBL B JuTEpaType ONMCaHbl CIydan
YCIIEIHOTO JIEYEHUS OIYXOJIEH T'ONIOBbl U IIEY, TOTOBHOIO MO3I4, JIETKUX, OLKENYIOYHON KENE3bl, TON-
CTOH KHIIKY, MOJIOYHOH JKe/e3bl, IPOCTATBL, MOYEBOTO MY3bIPS, MENKU MATKU U KOXU C UCHOJIb30BAHUEM
®JT. KpoMe TOro, HEOZHOKPATHO JOKA3bIBAIACH 3(PPEKTUBHOCTD UCIONb30BaHud PJIT B Tepanuu 6aKTe-
PUAIBHBIX U IPUOKOBBIX MHMEKINHA. Ha cerofHAmHuil 1eHb UMEETCS OOMBIIOE KOMUYECTBO HCCIE/I0BA-
HU, TOCBAIEHHBIX NpuMeHeHuio OAT npy pasnuyHbIX 3300€BAHUAX Y B3POCIbIX, OHAKO JaHHBIE 110
JIETSIM OTPAHIYEHBL. ABTOPAMHU ObUT POBE/IEH MOUCK MyOIUKAIHI B AJEKTPOHHBIX 6a3aX JaHHBIX PubMed,
Google Scholar u ELibrary. ITonck nposoguacs 1o cieylomum kmouesbiM crosam: PDT, photodynamic
therapy, pediatric, children, dermatology, dentistry, pulmonology, ophthalmology, oncology, «®IT»,
«pOTOMHAMUYECKAS TEPAITHSI», «IEUATPUSA», «IETH», IEPMATONOTHSA», «CTOMATONOTHSY, «ITyIbMOHOJO-
TS, «OPTATBMOIOTHS», «OHKOMOTHsI>. [TONCK MPOBOJMICSA BO BPEMEHHOM MHTEPBAJIE C MOMEHTA OCHOBA-
HMS COOTBETCTBYIOMEI 6A3bI JAHHBIX MO aBIYCT 2023 T.

OJT apnseTcs MHHOBAIIMOHHBIM METOJIOM JIEUeHHs HOBOOOPA30BAHMIM 1 GaKTEPUATBHBIX UH(EKIHA, OCHO-
BBIBAICh HA UMEIOMINXCA JaHHBIX, MOKHO YTBEPXKIATD, yTO PJIT 1103BONAET COKPATUTD KOJIUYECTBO XUPYPIU-
YECKUX BMEINIATEIbCTB U IOOUTHCA HAWIYUIINX PE3YIbTATOB J€YeHU. Bce MCCIENOBAHUA U KIMHUYECKUE
cydan ucnonp3osanud GJT B Tepanuy PasnudHbIX 3a00MEBAHUN Y JCTEH, TIPEICTABIEHHbIE B HACTOAIEM
00630pe, IPOAEMOHCTPUPOBAIIY, UTO PE3Y/IBTATHL JICUEHUS OBUIM JIUIIE, YEM TIPU NIPOBEAEHUY CTAHAPTHON
Tepanuy. OJHAKO HEOOXOIUMO YUHUTBIBATh HAIMYME OIPEIETEHHBIX OIPAHUYCHMH, BKIIOUAS TPYAHOCTH C
NOAG0POM (POTOCEHCUOUIN3ATOPA U €T0 TyTH BBeAicHNs. Ha ceropnsmamit ieHp O/IT aKTHBHO M3ydaeTcs B
NEAMATPUYECKOH TOMY/IALMH, OJHAKO OCTAETCS MHOTIO IIPOOEJIOB, KOTOPBIE TPEGYIOT NPOBECHMUSA JIOTOHNI-
TEJIbHBIX MACIITAOHBIX UCC/IEJOBAHHI

Kirouessre cinoBa. oronunammdeckas tepanus, GJIT, 1epMaTonorys, NefuaTpus, IETH, OHKOIOTHS, Od-
TAJIbMOJIOTHS, CTOMATONOT UL,
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INTRODUCTION

Photodynamic therapy (PDT) is a rela-
tively young but rapidly developing method
of treatment [1]. Currently, PDT is widely
used in dentistry, dermatology, oncology and
other fields of medicine [2; 3]. Cases of suc-
cessful treatment of tumors of the head and
neck, brain, lungs, pancreas, colon, breast,
prostate, bladder, cervix and skin using PDT
are described in literature [4—06]. In addition,
the effectiveness of PDT in the treatment of
bacterial and fungal infections has been re-
peatedly proved [7]. To date, there are a large
number of studies on the use of PDT in vari-
ous diseases in adults, but few data on this
subject in children. Thus, the aim of this
study is to analyze the literature data on the
use of PDT for various diseases in the pediat-
ric population.

MATERIALS AND METHODS

The authors have been searching for
publications in the electronic databases
PubMed, Google Scholar and eLibrary by the
following keywords: "PDT", "photodynamic
therapy", "pediatric", "children", "dermatol-
ogy", "dentistry", "pulmonology", "ophthal-
mology", "oncology", «®/IT», «boToauHAMY-
YECKAA TEPANKd», «ICAUATPUA», «[ICTH»,
IEPMATOJIOTUSA>, «CTOMATOJIOTUSY,  «IIy/Ib-
MOHOJIOTUA>, «O(TANIbMONOTHA», «OHKOJIO-
rus>. The search was conducted in the time
interval from the moment the correspond-
ing database was founded until August
2023. The authors independently analyzed
article titles and abstracts, after which the
full text of relevant studies was extracted.
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MECHANISM OF ACTION OF PDT
AND APPLICATION SCOPE

The PDT mechanism is based on the
oxidation of biomolecules under the influ-
ence of light of the appropriate wavelength
due to the preliminary introduction of a so-
called photosensitizer into the irradiated
area. A photosensitizer is a pharmacological
drug capable of selectively accumulating in
pathologically altered tissues. When the area
treated with photosensitizer is locally illu-
minated with laser radiation of a certain
wavelength, the so-called photocytotoxic
effect occurs. This process can proceed ac-
cording to two mechanisms [8; 9].

Type I - light energy is transferred
from excited molecules to biomolecules via
electron / hydrogen transfer upon direct
contact, where it accumulates and causes
specific damage to biomolecules.

Type II - light energy is transferred to
molecular oxygen, which then produces
singlet oxygen, which is extremely reactive
and can damage both cellular proteins and
DNA [8].

In addition to the direct cytotoxic effect
leading to cell apoptosis, there are other de-
structive mechanisms such as occlusion of
blood vessels and the release of lymph and
cytokines [9]. The degree of damage and the
mechanism of action depend on the type of
photosensitizer used, as well as the type of
cells being affected, the concentration of the
photosensitizer itself, and the wavelength of
the light used. To date, the effectiveness of
PDT has been proven and introduced into
clinical practice in the treatment of superficial
lesions [5; 11]. However, in the case of deeper
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lesions, certain difficulties arise associated
with the placement of the photosensitizer
and the limited penetrating ability of the light
wave. Thanks to the rapid development of
technology, fiber optic endoscopes make it
possible to penetrate hard-to-reach places
and directly deliver light with the required
wavelength [12; 13]. Photosensitizers them-
selves are also constantly modified by the ad-
dition of various organ-specific carriers. This
allows the photosensitizer to be delivered to
the target organ after intravenous administra-
tion. At the same time, it has a protective ef-
fect on other organs in the case of potential
pathological effects of PDT on healthy tissues
[14; 15]. Attempts have also been made to in-
troduce photosensitizers that bind to recep-
tors on the surface of cancer cells, such as
estrogen, progesterone, or EGFR [16; 17).

The use of PDT allows patients to avoid
complex surgical procedures. In addition,
PDT has recently begun to be used in den-
tistry, particularly in endodontics, to
achieve an antimicrobial effect [18].

USE OF PDT FOR SKIN DISEASES
IN CHILDREN

The occurrence of skin cancer in child-
hood is rare. However, some genetic syn-
dromes, such as Gorlin syndrome or xero-
derma pigmentosum, may predispose to the
development of skin tumors from childhood.

Basal cell nevus syndrome (BCNS), also
known as Gorlin syndrome, is caused by
mutations in the PTCHI1 gene and is inher-
ited in an autosomal dominant pattern.
BCNS is characterized by multiple basal cell
carcinomas (BCC) in combination with
dental, bone, ophthalmological, and neuro-

logical defects. C. Girard et al. used PDT to
treat Gorlin syndrome in children. The au-
thors showed that the effectiveness of PDT
using 5-aminolevulinic acid (5-ALA) for su-
perficial lesions ranged from 78 to 100 %.
The researchers did not report any signs of
toxicity [19]. AR. Oseroff et al. performed
several sessions of 10 % ALA PDT in chil-
dren using a laser for smaller diameter areas
(2 to 7 ¢cm) and a lamp for larger diameter
areas (up to 16 cm in diameter). Each pa-
tient required four to seven sessions. Pa-
tients reported no new BCCs at PDT sites
during 6 years of examination [20]. The re-
sults of therapy of 33 patients with BCNS in
the age range of 9-79 years were described
by J. Loncaster et al. [21]. The authors used
ALA-PDT and MAL (methylaminolevulinic
acid)-PDT, obtaining different results de-
pending on the thickness of the lesions. The
authors performed ultrasound to assess le-
sion thickness and used topical PDT to treat
only supetficial lesions (<2 mm thick). To
reach deeper lesions, a systemic photosensi-
tizer was administered. At 12 months, local
control rates were 73.0 % for lesions < 1 mm,
40.8 % for lesions 1 to 2 mm, and 59.3 % for
lesions > 2 mm [21]. Patients with Gorlin
syndrome are highly susceptible to DNA
damage from treatments such as ionizing
radiation. However, A.R. Oseroff et al. found
no evidence that ALA-PDT induces or pro-
motes the development of BCC in pediatric
patients [20]. It is important to note that the
effective radiation dose may be reduced due
to the different pigmentation of BCC. Pre-
liminary removal of pigmented BCC may
help to cope with this problem. In a group
of adult patients, A.G. Salvio et al. performed
the removal of 30 pigmented BCCs before
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MAL-PDT and obtained a complete re-
sponse to therapy in 100 % of cases with
no relapses after 24 months of examina-
tion [22]. The suitability of this method
should also be investigated in the pediat-
ric population.

There is a report of a 12-year-old boy
with Bowen's disease who underwent ther-
apy using MAL-PDT. After two PDT sessions,
which were carried out with breaks for
3 weeks, the lesion was completely re-
moved. Nine months after the procedure,
no relapses were observed [23)].

M. Xu et al. conducted a study involving
12 children with pointed condyloma. The chil-
dren underwent PDT therapy using the photo-
sensitizer 5-ALA. Red light with a wavelength
of 635 nm was used as a light source for
20 min. Positive changes were observed after
using PDT. In addition, no relapse of the dis-
ease was observed. The authors showed that
PDT is highly effective for perianal and in-
traanal lesions with minimal side effects [24].

Flat warts (FW) are a superficial viral skin
disease that is extremely common in child-
hood. F. Borgia et al. evaluated the efficacy of
conventional PDT (C-PDT) compared to day-
light PDT (DL-PDT) using 10 % ALA. The au-
thors included 30 patients under 18 years of
age with FW on the face in the study. The pa-
tients were divided equally into two groups:
Group 1 - received C-PDT; Group 2 -
DL-PDT. The therapeutic intervention was
performed three times with a monthly inter-
val. The treatment results were assessed at 4,
8, 12, and 24 weeks. The authors identified
the following criteria for the effectiveness of
the therapy: excellent (reduction in the total
number of FWs by 75-100 %); very good (re-
duction by 74-50%); good (reduction by
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49-25 %); weak (reduction by less than 25 %
or no response). The study found that
DL-PDT in combination with 5-ALA is a safer
and more effective method. Patients reported
better tolerability and absence of pain [25).
Inanother study, the same authors de-
scribed a clinical case of an 8-year-old girl
who received PDT for FW on the eyelids,
nose, and cheeks. t5-ALA was applied topi-
cally as a photosensitizer, and sunlight was
the light source. The method was used
twice, with an interval of one month be-
tween treatments. Six weeks after the last
treatment session, the scars had completely
disappeared without recurrence [26).

The effectiveness of PDT was also dem-
onstrated in the description of a clinical case
of a 6-year-old girl who had a history of mul-
tiple warts on her foot for a year. Physical ex-
amination revealed a subungual papilloma
and multiple hyperkeratotic plaques on the
dorsum of the left foot. Cryotherapy per-
formed 3 months earlier was ineffective;
therefore, PDT was used. After 6 weeks, the
lesions were removed without any side ef-
fects. PDT may be an alternative treatment for
warts, especially in patients who are not re-
sponsive to routine treatment. Regression of
FW is promoted by two main mechanisms:
1) generation of cytotoxic radicals that de-
stroy keratinocytes via apoptosis; 2) stimula-
tion of specific immune responses releasing
various cytokines (IL-14, IL-2 and tumor ne-
crosis factor alpha). In this study, FWs were
removed after only two sessions [27; 28].

A. Ding et al. performed PDT using 5-ALA
as a photosensitizer in six patients diagnosed
with squamous cell carcinoma localized on
the face. The results of the study showed
complete removal of foci within a month of
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therapy [29]. Thus, it can be assumed that
ALA-PDT is highly effective, especially in cases
where other therapy does not show re-
sults [29]. M. Chen et al. demonstrated the
effectiveness of PDT using the example of
a 9-year-old girl with papillary lesions in the
vulva. Just one hour after PDT, tumor cells
began to fragment with pronounced damage
to organelles, and after 4 hours, the authors
noted cell necrosis. The papillary lesion com-
pletely disappeared after one week of PDT.
Electron microscopy showed that PDT mainly
damaged acanthocytes and koilocytes in vi-
rus-infected tissue [30].

Nevus flammeus (port-wine stain) is a
congenital permanent developmental defect
that occurs in 0.1-2 % of newborns. It ap-
pears as a unilateral or bilateral spot of ir-
regular shape, clearly defined, bright pink or
purple color [31]. There have been several
attempts to use PDT in the treatment of ne-
vus flammeus in children. T. Chun-Hua et al.
conducted a retrospective study by evaluat-
ing 439 case histories of children with nevus
flammeus, whose therapy was carried out
using PDT [32]. Hematoporphyrin mono-
methyl ether was used as a photosensitizer,
and a green laser with a wavelength of 532 nm
was used as a light source, which was applied
for approximately 20-25 min. The results of
the study showed that 95 % of patients dem-
onstrated an effective response to the thera-
py. Transient side effects in the form of
edema, purpura and pigmentation were lev-
eled without additional treatment and only
2 % of patients had scars. Y. Huang et al. con-
ducted a similar study, which included 212
patients with a mean age of 13.01 + 12,67
years [33]. The authors found that patients
who received more than three PDT sessions

demonstrated a better response compared to
those who received less than three sessions
(p = 0.003). In general, PDT with hemopor-
phyrin is an effective treatment for nevus
flammeus in children [31-36], but there are
reports of the impossibility of complete re-
moval of lesions located deeper or having a
larger diameter due to limited penetration of
light into the skin [37].

USE OF PDT IN PEDIATRIC DENTISTRY

The scope of PDT application in den-
tistry is extremely broad and includes the
treatment of acute and chronic gingivitis,
alveolitis, and peri-implantitis. In addition,
PDT has begun to be actively used in endo-
dontics for the purpose of antibacterial
treatment of prepared carious cavities and
root canals of teeth [38].

A. Alsaif et al. showed a reduction in the
total number of bacteria by approximately
95 % when PDT affected oral biofilm. The
authors concluded that PDT contributes to
increased clinical efficacy by reducing the
overall treatment time for oral diseases [39].
M. Bargrizan et al. showed that antibacterial
PDT removes planktonic bacteria, plaque,
and oral biofilm [40]. EP. Rosa et al. evalu-
ated the effectiveness of antibacterial PDT in
patients with braces. The authors included
34 patients of both sexes with gingivitis who
had been wearing braces for more than
12 months. Methylene blue was used as a
photosensitizer, and a red laser diode with a
wavelength of 660 nm was used as a light
source. PDT resulted in significant removal
of biofilm, which in turn reduced the extent
of tissue damage [41]. Other authors have
also confirmed that antibacterial PDT, this
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time using chlorine, has a pronounced bac-
tericidal effect on biofilms, making it an ef-
fective treatment for acute and recurrent
oral diseases [42]. LP. Kiselnikova and
Gl Kuznetsova presented the results of
treatment of 81 adolescent children with
chronic gingivitis, who were divided into two
groups: 1st — treatment using photoactivated
antisepsis; 2nd — standard therapy. Patients in
group 1 showed a more pronounced decrease
in the PMA and CPI indices compared to pa-
tients in group 2 [43]. CB. Okamoto et al. as-
sessed the effectiveness of PDT in eliminating
microorganisms from inside the root canals
of the tooth. Methylene blue was used as a
photosensitizer, and the light source was a
laser with a wavelength of 660 nm. The re-
sult of the experiment was the complete
(with 100 % efficiency) removal of bacteria
in the root canals [44]. Similar results regard-
ing the antibacterial treatment of root canals
were obtained by K.G. Karakov et al. [45].

SL. Pinheiro et al. evaluated the effective-
ness of PDT therapy in children with pulp ne-
crosis in primary teeth by quantitatively deter-
mining live bacteria. PDT was performed using
a diode after the introduction of toluidine blue
as a photosensitizer. As a result, a reduction in
the number of microorganisms with an effi-
ciency of 98.37 % was observed. The study con-
cluded that PDT is a therapy that helps reduce
the population of microorganisms in primary
teeth with pulp necrosis [46).

NKS. Mslik and O.H. Alkadhi evaluated
the effectiveness of PDT therapy against
oral candidiasis in children with gingivitis.
The average age of patients was 16 years.
The results of the study showed a statisti-
cally significant decrease in the number of
candida in the oral cavity [47].
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V.C. Ribeiro da Silva et al. studied the ef-
fectiveness of PDT in the treatment of sto-
matitis in children [48]. The study included
29 patients aged 10 months to 18 years, who
were divided into two groups. Patients in the
first group received PDT using 0.01 % me-
thylene blue as a photosensitizer and a red
laser (660 nm) as a light source; patients in
the second group received low-level laser
therapy. In both groups, patients reported a
significant reduction in pain.

One of the main tasks in pediatric den-
tistry is the preservation of baby teeth with
pulpitis caused by caries or traumatic im-
pact. De Sant'Anna presented a clinical case
of post-traumatic pulpitis that developed in
a 5-year-old boy with type I diabetes [49].
The author successfully applied PDT for
root canal disinfection using methylene
blue (50 p / ml) as a photosensitizer. The
advantages of PDT included a reduction in
procedure time, which is extremely impor-
tant when working with children. A.C. Da
Mota et al. also evaluated the effectiveness
of PDT in the treatment of pulpitis in pri-
mary teeth [50]. The study included children
aged 3-0 years with pulpitis.

The authors divided the patients into
two groups: 1st — experimental (PDT);
2nd - control (standard therapy). Methyl-
ene blue at a concentration of 0.005 % was
used as a photosensitizer. The light source
was a laser (660 nm) with an energy of 4 J
and an average power of 100 MW, the ef-
fect was carried out for 40 s. Based on the
results of the study, the authors concluded
that antibacterial PDT is highly effective
against microorganisms, does not cause re-
sistance, and is a comfortable method for
patients, since it does not cause pain.
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R. Fekrazad et al. evaluated the effec-
tiveness of antibacterial PDT in children with
severe caries [51]. The study group consisted
of 22 children with severe caries aged
3-6 years. The oral cavity was treated with
toluidine blue for 1 min and irradiated with
a LED for 150 s. Saliva samples from each
treated child were collected in three stages:
before the examination, 1 hour after the
procedure, and 7 days after the procedure. At
each stage, the authors determined the
amount of Streptococcus mutans. After the
experiment, the authors concluded that the
amount of Streptococcus mutans in saliva
decreased significantly after 1 hour, but 7
days after the treatment, their number re-
turned to the original values. Similar conclu-
sions were presented by LV.G.L. Alves et al,
who confirmed the effectiveness of PDT
against cariogenic microorganisms after se-
lective removal of caries without damaging
composite dental materials [52]. A. Potap-
chuk et al. conducted a study involving
35 children with caries aged 12-15 years
who underwent PDT. The antibacterial effect
was assessed using polymerase chain reac-
tion. The authors found a statistically signifi-
cant reduction in microorganisms such as
Enterococcus faecalis, Veilonella and Can-
dida albicans. After the experiment, it was
established that PDT in the treatment of
dentin caries is a highly effective and patho-
genetically proven method, providing a sig-
nificant reduction in facultative and obligate
types of carious microorganisms [53]. LT. Car-
valho et al. described the effectiveness of an-
tibacterial PDT in a 9-year-old patient with
deep caries of the first molar of the right
lower jaw. Six months after treatment, no
traces of caries were found, which confirmed

the effectiveness of the technique used [54].
PDT is characterized by a high level of com-
fort for pediatric patients, as it has a low level
of noise and vibration, as well as painlessness.

USE OF PDT IN RECURRENT
RESPIRATORY PAPILLOMATOSIS

Recurrent  respiratory — papillomatosis
(RRP) is one of the most challenging prob-
lems among benign tumors of the upper and
lower respiratory tract. Dissemination of the
tumor process and damage to the lung tissue
not only create the possibility of malignancy,
but also complicate the choice of treatment
tactics and in many ways limit surgical op-
tions, necessitating a multidisciplinary ap-
proach [55]. RRP is characterized by a relaps-
ing course, as well as extremely rapid growth
of neoplasms, which can be life-threatening.
In most cases, treatment of RRP requires
complex surgical interventions. PDT can be
used as an adjuvant treatment for RRP. For
example, A. Lieder et al. found that PDT,
both as an independent therapy and in
combination with surgical treatment, brings
therapeutic benefits in children and adults
with RRP [56]. Another example of the use of
PDT in RRP is a clinical study conducted by
MJ. Shikowitz et al. [57], which included
23 patients (children and adults) diagnosed
with RRP. Hydroxyphenyl chlorine was used
as a photosensitizer. The authors demon-
strated that PDT contributed to an impro-
vement in the immune response and prog-
nosis of the disease.

USE OF PDT IN CHILDREN’S OPHTHALMOLOGY

Choroidal neovascularization (CNV) is
a pathological mechanism common to
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many eye diseases. It involves the prolifera-
tion of small vessels originating from the
choroidal capillaries that penetrate through
Bruch's membrane into the space beneath
the retinal pigment epithelium, as well as
into the cells of the retinal pigment epithe-
lium and photoreceptors. Newly formed
vessels are highly fragile and have a tortu-
ous structure. If these vessels are damaged,
blood accumulates in the subretinal space,
causing hemorrhagic retinal detachment,
which ultimately leads to the formation of a
discoid fibrous vascular scar [58]. S. Ozdek
et al. used PDT to treat CNV in four chil-
dren, and clinical efficacy was assessed us-
ing fluorescein angiography and optical co-
herence tomography [59]. All patients re-
sponded well to PDT. The efficiency of
visual acuity improvement was 80 %. Impro-
vement or stabilization of visual acuity was
maintained for an average of 25 months of
observation. The aim of the study by A. Lip-
ski et al. was to determine the therapeutic
potential of PDT using verteporfin in pa-
tients with CNV [60]. The results of the
study demonstrated high efficacy and toler-
ability of PDT in a group of patients with
visual impairment. D. Spsskind et al. assessed
the effectiveness of PDT in the treatment of
exudative limited choroidal hemangioma
[61]. According to the results of the study,
the authors noted an improvement in visual
acuity in all patients. In turn, the average
thickness of the retina was reduced. It has
been proven that PDT is an effective and
safe procedure in the treatment of exuda-
tive choroidal hemangioma. Similar results
were presented by C. YYIdYrym et al. in a
description of a clinical case of a 10-year-
old girl with CNV who lost vision in her
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right eye. The authors used PDT with verte-
porfin. Improvement of visual acuity up to
80 % and resorption of subretinal fluid
were observed after four months of ther-
apy [62]. After one year of observation, no
relapses of the disease were observed. In
turn, in the study of F. Giansanti et al,
which included five patients aged 7-15 years
who were treated with PDT, infiltration
decreased and atrophic changes occurred
in the retinal pigment epithelium. Visual
acuity was stable [63].

Sturge-Weber syndrome is an ence-
phalotrigeminal angiomatosis that is related
to hereditary neurocutaneous syndromes
(phakomatoses). Eye lesions occur in 30-70 %
of cases and are represented by a disruption
in the formation of the capillary wall of the
conjunctiva, episclera and iris, glaucoma, an
increase in the size of the cornea, and chor-
oidal hemangioma [64]. R. Nugent et al. de-
scribed a clinical case of a 6-year-old girl
with Sturge-Weber syndrome who was
treated using PDT. As a result of the therapy,
the exudate completely resolved within
3 months after treatment [65]. M. Mauget-
Fagsse et al. assessed the efficacy and safety
of PDT in combination with verteporfin in
children and young people with subfoveal
choroidal neovascularization [66]. As a result
of PDT, visual acuity improved, vascular an-
astomosis was formed, and no serious side
effects were observed. M.E. Farah et al. evalu-
ated the role of PDT using verteporfin in the
treatment of subfoveal choroidal neovascu-
larization in Vogt-Koyanagi-Harada syn-
drome. A case of a 9-year-old patient was
analyzed in which complete regression of
the lesion within one week after the start of
treatment was observed [67].
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USE OF PDT IN CASE OF MALIGNANT
NEOGLOMS IN CHILDREN

Brain tumors occurring in the pediatric
population have significant differences from
those in adults, which is expressed mainly in
their localization and histopathology. The se-
lection of therapeutic tactics must be carefully
considered, since not all forms of treatment
used in adult patients can be used in children.
To date, there is data on the use of PDT in
childhood oncological diseases both in vitro
and in vivo. M. Schwake et al. evaluated the
antitumor activity of PDT in vitro on four dif-
ferent cell lines of brain tumors that arise in
childhood. The authors used a diode with a
wavelength of 635 nm, the exposure time was
250 s. 5-ALA and protoporphyrin were used
as photosensitizers. The results of the study
showed the destruction of all malignant cells
in the studied lines [68). M.H. Schmidt et al.
conducted a study involving 20 patients with
recurrent malignant brain tumors who were
treated using PDT [69]. Porphyrin was used as
a photosensitizer, while a light-emitting diode
was used as a light source. All treated patients
showed stabilization of tumor growth, which
was assessed using MRI. P.J Lou et al. analyzed
interstitial PDT (injection of the drug directly
into the tissues). Clinical trials have supported
the hypothesis that interstitial PDT provides
pain relief in terminal advanced head and
neck cancer. It is a treatment option that
should be added to those available for com-
plex head and neck cancer syndromes [70].

PDT is an extremely promising method
for adjuvant treatment of oncological dis-
eases. One of the main advantages of PDT is
the low number of side effects, which is es-
pecially important in the treatment of chil-

dren. PDT is increasingly being used in chil-
dren worldwide with satisfactory results.
Expanding research into the use of PDT in
childhood cancers provides an opportunity
to develop an effective adjuvant therapy
method and forms the basis for reducing
the need for surgical interventions. In addi-
tion, PDT opens up prospects for increasing
the survival rate of cancer patients.

DIFFICULTIES IN USING PDT IN CHILDREN

Despite the undeniable advantages de-
scribed above, PDT may have certain limita-
tions when used in children. One of the limi-
tations is the choice of the least toxic photo-
sensitizer, as well as the correct titration of its
dose for each specific case. Because of the
need to administer a photosensitizer prior to
exposure to the light source, the patient may
have varying reactions to a relatively long
waiting period, which can range from a few
minutes to several days. For deep lesions, the
photosensitizer is administered intravenously,
which can be difficult, especially in children.

CONCLUSIONS

PDT is an innovative method for treat-
ing neoplasms and bacterial infections.
Based on the available data, it can be stated
that PDT allows to reduce the number of
surgical interventions and achieve the best
treatment results. All studies and clinical
cases of using PDT in the treatment of vari-
ous diseases in children presented in this
review demonstrated that the treatment
results were better than with standard ther-
apy. However, it is necessary to take into
account the presence of certain limitations,
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including difficulties in selecting a photo-
sensitizer and its route of administration. To
date, PDT is actively studied in the pediatric
population, but there are many gaps that
require additional large-scale studies.

REFERENCES

1. Daniell M.D., Hill J.S. A history of
photodynamic therapy. Aust N Z ] Surg.
1991; 61 (5): 340-348. DOL: 10.1111/j.1445-
2197.1991.tb00230.x

2. Acedo P., Stockert |.C., Cariete M.,
Villanueva A. Two combined photosensitiz-
ers: a goal for more effective photodynamic
therapy of cancer. Cell Death Dis. 2014,
5 (3): 1122. DOL 10.1038/cddis.2014.77

3. Dos Santos A.F., Terra L.F., Waile-
mann R.A., Oliveira T.C., Gomes V.M., Mi-
neiro M.F., Meotti F.C., Bruni-Cardoso A.,
Baptista M.S., Labriola L. Methylene blue
photodynamic therapy induces selective
and massive cell death in human breast
cancer cells. BMC Cancer. 2017; 17 (1):
194. DOL: 10.1186/512885-017-3179-7

4. Bozzini G., Colin P., Betrouni N.,
Nevoux P., Ouzzane A., Puech P., Villers A.,
Mordon §. Photodynamic therapy in urol-
ogy: what can we do now and where are we
heading? Photodiagnosis Photodyn Ther.
2012; 9 (3): 261-273. DOL 10.1016/j.pdpdt.
2012.01.005

5. Civantos F.J., Karakullukcu B., Biel
M., Silver C.E., Rinaldo A., Saba N.F., Takes
R.P., Vander Poorten V., Ferlito A. A Review
of Photodynamic Therapy for Neoplasms of
the Head and Neck. Adv Ther. 2018; 35 (3):
324-340. DOL: 10.1007/512325-018-0659-3

6. Korshunova O.V., Plekbova N.G.
Photodynamic therapy in oncology: present

70

and future. Pacific Medical Journal 2020
(4): 15-19. DOL 10.34215/1609-1175-
2020-4-15-19 (in Russian).

7. Kolarikova M., Hosikova B., Dilen-
ko H., Barton-Tomankova K., Valkova L.,
Bajgar R., Malina L., Kolarova H. Photody-
namic therapy: Innovative approaches for
antibacterial and anticancer treatments.
Med Res Rev. 2023; 43 (4): 717-774. DOL
10.1002/med.21935

8. Bataev S.M., Cilenko K.S., Osipov AN.,
Reshetnikov A.V., Bataev AS., Sosnova S.P.
Fundamentals of photodynamic therapy,
clinical practice and prospects of application
in pediatric surgery. Literature review. Russian
Bulletin of Pediatric Surgery. Anesthesiology
and Resuscitation 2023; 12 (4): 461-472.
DOL: 10.17816/psaic936 (in Russian).

9. Tserkovskiy D.A., Prokopovich E.L.,
Stupak D.S. The main aspects of the use of
photosensitizing agents in photodynamic
therapy. Oncological Journal 2019; 13 (2),
79-99 (in Russian).

10. Kwiatkowski S., Knap B., Przystup-
ki D., Saczko J., Kedzierska E., Knap-Czop K.,
Kotlinska J., Michel O., Kotowski K., Kulbacka .
Photodynamic therapy — mechanisms, photo-
sensitizers and combinations. Biomed Phar-
macother. 2018; 106: 1098-1107. DOL
10.1016/j.biopha.2018.07.049

11. Meulemans |., Delaere P., Vander
Poorten V. Photodynamic therapy in head
and neck cancer: indications, outcomes, and
future prospects. Curr Opin Otolaryngol
Head NeckSurg. 2019; 27 (2): 136-141.
DOL 10.1097/M0O0.0000000000000521

12. Mallidi S., Anbil S., Bulin A.L.,
Obaid G., Ichikawa M., Hasan T. Beyond
the barriers of light penetration: strategies,
perspectives and possibilities for photody-



Perm Medical Journal

2024 volume XLI no. 3

namic therapy. Theranostics. 2016; 6 (13):
2458-2487. DOL: 10.7150/thno.16183

13. Pogue B.W., Elliott |.T., Kanick S.C.,
Davis S.C., Samkoe K.S., Maytin E.V.,
Pereira S.P., Hasan T. Revisiting photody-
namic therapy dosimetry: reductionist &
surrogate approaches to facilitate clinical
success. Phys Med Biol. 2016; 61 (7): 57-89.
DOI: 10.1088/0031-9155/61/7/R57

14. Sazbnev D.I., Andreev A.A., Ostrou-
shko A.P. Photodynamic therapy in surgical
practice. Bulletin of Experimental and Clini-
cal Surgery 2019; 12: 2: 141-146. DOL
10.18499/2070-478X-2019-12-2-141-146
(in Russian).

15. Hodgkinson N., Kruger C.A., Abra-
hamse H. Targeted photodynamic therapy
as potential treatment modality for the eradi-
cation of colon cancer and colon cancer stem
cells. Tumour Biol. 2017; 39 (10): 1010428
317734691. DOL 10.1177/1010428317734691

16. Zbao X., Li M., Sun W., Fan J., Du].,
Peng X. An estrogen receptor targeted ru-
thenium complex as a two-photon photo-
dynamic therapy agent for breast cancer
cells. Chem Commun. 2018; 54: 7038-7041.
DOI: 10.1039/C8CC03780H

17. Stuchinskaya T., Moreno M.,
Cook M.J., Edwards D.R., Russell D.A. Tar-
geted photodynamic therapy of breast can-
cer cells using antibody-phthalocyanine-
gold nanoparticle conjugates. Photochem
Photobiol Sci. 2011; 10 (5): 822-831. DOL
10.1039/ c1pp05014a

18. Abrabamse H., Hamblin M.R. New
photosensitizers for photodynamic ther-
apy. Biochem J. 2016; 473 (4): 347-3064.
DOI: 10.1042/BJ20150942

19. Girard C., Debu A., Bessis D., Bla-
tiere V., Dereure O., Guillot B. Treatment of

Gorlin syndrome (nevoid basal cell carci-
noma syndrome) with methylaminolevuli-
nate photodynamic therapy in seven pa-
tients, including two children: interest of
tumescent anesthesia for pain control in
children. J Eur Acad Dermatol Venereol.
2013; 27 (2): 171-175. DOL 10.1111/j.1468-
3083.2012.04538.x

20. Oseroff AR., Shieb S., Frawley N.P.,
Cheney R., Blumenson L.E., Pivnick E.K., Bell-
nier D.A. Treatment of diffuse basal cell car-
cinomas and basaloid follicular hamartomas
in nevoid basal cell carcinoma syndrome by
wide-area 5-aminolevulinic acid photody-
namic therapy. Arch Dermatol. 2005; 141
(1): 60-67. DOL 10.1001 /archderm.141.1.60

21. Loncaster J., Swindell R., Slevin F.,
Sheridan L., Allan D., Allan E. Efficacy of
photodynamic therapy as a treatment for
Gorlin syndrome-related basal cell carcino-
mas. Clin Oncol (R Coll Radiol). 2009; 21 (6):
502-508. DOL: 10.1016/j.clon.2009.03.004

22. Salvio A.G., Requena M.B., Strin-
gasci M.D., Bagnato V.S. Photodynamic
therapy as a treatment option for multiple
pigmented basal cell carcinoma: Long-term
follow-up results. Photodiagnosis Photodyn
Ther. 2021; 33: 102154. DOL 10.1016/
j-.pdpdt.2020.102154

23. Hyun D.J., Seo S.R., Kim D.H.,
Yoon M.S., Lee H,J. Periungual Bowen's Dis-
ease in a 12-Year-Old Boy Treated with
Photodynamic Therapy. Pediatr Dermatol.
20106; 33 (2): 82-83. DOIL 10.1111/pde.12753

24. Xu M., Lin N., Li |, Jiang L., Zeng K.
Photodynamic therapy as an alternative
therapeutic option for pediatric condyloma
acuminata: A case series. Photodiagnosis
Photodyn Ther. 2018; 24: 179-181. DOL
10.1016/j.pdpdt.2018.09.010

71



LITERATURE REVIEW

25. Borgia F., Giuffrida R., Coppola M.,
Cannavo S.P. Successful photodynamic
therapy in a pediatric patient with difficult
warts. Dermatol Ther. 2020; 33 (3): 13391.
DOIL: 10.1111/dth.13391

26. Borgia F., Coppola M., Giuffrida R.,
Cannavo S.P. Excellent cosmetic result of
daylight photodynamic therapy for facial
flat warts in a child. Photodiagnosis Photo-
dyn Ther. 2019; 26: 27-28. DOL
10.1016/j.pdpdt.2019.02.021

27. Borgia F., Giuffrida R., Coppola M.,
Cannavo S.P. Successful photodynamic
therapy in a pediatric patient with difficult
warts. Dermatol Ther. 2020; 33 (3): €13391.
DOIL: 10.1111/dth.13391

28. Chun-Hua T., Li-Qiang G., Hua W.,
Jion Z., Si-LiN,, Li L., Yi W., Can L., Xiao-Yan L.,
Guang-Hui W. Efficacy and safety of hemo-
porfin photodynamic therapy for port-wine
stains in paediatric patients: A retrospective
study of 439 cases at a single centre. Photo-
diagnosis Photodyn Ther. 2021; 36: 102568.
DOL: 10.1016/j.pdpdt.2021.102568

29. Ding A., Li C., Zbang ]. Topical
5-aminolevulinic acid photodynamic ther-
apy in the treatment of verruca plana: Re-
port of 6 cases. Photodiagnosis Photodyn
Ther. 2021; 35: 102438. DOL 10.1016/
j.pdpdt.2021.102438

30. Chen M., Xie J., Han J. Photody-
namic therapy of condyloma acuminatum in
a child. Pediatr Dermatol. 2010; 27 (5): 542—
544.DOLI: 10.1111/5.1525-1470.2010.01279.x

31. Belysheva T.S., Moiseenko E. Laser
therapy of vascular skin formations in chil-
dren. Sarcomas of bones, soft tissues and skin
tumors 2011; (3): 37-47 (in Russian).

32. Chun-Hua T., Li-Qiang G., Hua W.,
Jian Z., Si-LiN., Li L, Yi W., Can L., Xiao-Yan L.,

72

Guang-Hui W. Efficacy and safety of hemo-
porfin photodynamic therapy for port-wine
stains in paediatric patients: A retrospective
study of 439 cases at a single centre. Photo-
diagnosis Photodyn Ther. 2021; 36: 102568.
DOI: 10.1016/j.pdpdt.2021.102568

33. Huang Y., Yang J., Sun L., Zhang L.,
Bi M. Efficacy of influential factors in he-
moporfin-mediated photodynamic therapy
for facial port-wine stains. ] Dermatol. 2021,
48 (11): 1700-1708. DOL 10.1111/1346-
8138.16094

34. Wang S., Lee LY., Liu §.X. Photody-
namic therapy for port-wine stains in ex-
tremities: Report of 4 cases. Photodiagnosis
Photodyn Ther. 2020, 30: 101781. DOL
10.1016/j.pdpdt.2020.101781

35. Xiao Q., Li Q., Yuan K.H., Cheng B.
Photodynamic therapy of port-wine stains:
long-term efficacy and complication in
Chinese patients. ] Dermatol. 2011; 38
(12): 1146-1152. DOL 10.1111/j.1346-
8138.2011.01292.x

36. Cai H., Yang Q.Q., Ma C., Zou D.X.,
Wang Y.X., Sun P., Ju A.Q., Fang F., Gong §.,
Liu W. Photodynamic therapy in the treatment
of xeroderma pigmentosum: A case report.
Photodiagnosis Photodyn Ther. 2020; 30:
101761. DOL 10.1016/j.pdpdt.2020.101761

37. LiY., Wang X., Liu Y., Tao J. Dermo-
scopy predicts outcome in hemoporfin-me-
diated photodynamic therapy of port-wine
stains: A prospective observational study. ] Am
Acad Dermatol. 2020; 83 (6): 1765-1767. DOL
10.1016/}jaad.2020.03.063

38. Mishutina O.L., Volchenkova G.V.,
Kovaleva N.S., Vasilcova O.A., Fabradova V.A.
Photodynamic therapy in dentistry (litera-
ture review). Smolensk Medical Almanac
2019; (3): 102-111 (in Russian).



Perm Medical Journal

2024 volume XLI no. 3

39. Alsaif A., Tabmassebi ].F., Wood S.R.
Treatment of dental plaque biofilms using
photodynamic therapy: a randomised con-
trolled study. Eur Arch Paediatr Dent. 2021,
22 (5): 791-800. DOL 10.1007/s40368-021-
00637-y

40. Bargrizan M., Fekrazad R., Gou-
darzi N., Goudarzi N. Effects of antibacterial
photodynamic therapy on salivary mutans
streptococci in 5- to 6-year-olds with severe
early childhood caries. Lasers Med Sci. 2019;
34 (3): 433-440. DOL 10.1007/s10103-018-
2650-2652

41. Rosa E.P., Murakami-Malaquias-
Silva F., Schalch T.O., Teixeira D.B., Hor-
liana R.F., Tortamano A., Tortamano LP.,
Buscariolo 1.A., Longo P.L., Negreiros R.M.,
Bussadori S.K., MottaL]., Horliana A.CRT.
Efficacy of photodynamic therapy and pe-
riodontal treatment in patients with gingivi-
tis and fixed orthodontic appliances: Proto-
col of randomized, controlled, double-blind
study. Medicine (Baltimore). 2020; 99 (14):
19429. DOL 10.1097/MD.0000000000019429

42. Luke-Marshall N.R., Hansen L.A.,
Shafirstein G., Campagnari A.A. Antimicro-
bial Photodynamic Therapy with Chlorin e6
Is Bactericidal against Biofilms of the Primary
Human Otopathogens. mSphere. 2020; 5 (4):
€00492-20. DOIL 10.1128/mSphere.00492-20

43. Kiselnikova L.P., Kuznetsova G.I.
Application of photodynamic therapy in the
treatment of gingivitis in childhood. Clinical
dentistry 2016; 2 (78): 4-8 (in Russian).

44. Okamoto C.B., Motia L.J., Prates R A,
da Mota A.C.C., Gong¢alves M.L.L., Hor-
liana A.C.R.T., Mesquita Ferrari R.A., Fer-
nandes K.P.S., Bussadori S.K. Antimicro-
bial Photodynamic Therapy as a Co-adjuvant
in Endodontic Treatment of Deciduous Teeth:

Case Series. Photochem Photobiol. 2018;
94 (4): 760-764. DOIL 10.1111/php.12902

45. Karakov K.G., Hachaturyan E.E.,
Uzdenov M.B., Uzdenova L.H., Hachatu-
ryan AE., Eremenko AV., Usnunc Yu.K.
A modern look at the antibacterial treat-
ment of the root canal using laser photo-
dynamic therapy. Problemy stomatologii
2019; 15 (1): 23-27. DOL: 10.18481/2077-
7566-2018-15-1-23-27 (in Russian).

46. Pinbeiro S.L., Schenka A.A., Neto A.A.,
de Souza C.P., Rodriguez H.M., Ribeiro M.C.
Photodynamic therapy in endodontic treat-
ment of deciduous teeth. Lasers Med Sci.
2009; 24 (4): 521-526. DOL 10.1007/
$10103-008-0562-2

47. Malik N.K.A., Alkadhbi O.H. Effective-
ness of mechanical debridement with and
without antimicrobial photodynamic therapy
against oral yeasts in children with gingivitis
undergoing  fixed orthodontic  therapy.
Photodiagnosis Photodyn Ther. 2020; 31:
101768. DOL 10.1016/j,pdpdt.2020.101768

48. Ribeiro da Silva V.C., da Motta Sil-
veira F.M., Barbosa Monteiro M.G., da
Cruz M.M.D., Caldas [unior AF., Pina
Godoy G. Photodynamic therapy for treat-
ment of oral mucositis: Pilot study with pedi-
atric  patients undergoing chemotherapy.
Photodiagnosis Photodyn Ther. 2018; 21
115-120. DOIL 10.1016/j,pdpdt.2017.11.010

49. de Sant'Anna G. Photodynamic
therapy for the endodontic treatment of a
traumatic primary tooth in a diabetic pe-
diatric patient. ] Dent Res Dent Clin Dent
Prospects. 2014; 8 (1): 56-60. DOL
10.5681/joddd.2014.010

50. da Mota A.C., Gongalves M.L., Bor-
toletto C., Olivan S.R., Salgueiro M., Godoy C.,
Altavista O.M., Pinto M.M., Horliana A.C.,

73



LITERATURE REVIEW

Motta LJ., Bussadori S.K. Evaluation of the
effectiveness of photodynamic therapy for
the endodontic treatment of primary teeth:
study protocol for a randomized controlled
clinical trial. Trials. 2015; 16: 551. DOL
10.1186/513063-015-1086-2

51. Fekrazad R., Seraj B., Chiniforush N.,
Rokouei M., Mousavi N., Ghadimi S. Effect
of antimicrobial photodynamic therapy on
the counts of salivary Streptococcus mu-
tans in children with severe early child-
hood caries. Photodiagnosis Photodyn
Ther. 2017; 18: 319-322. DOL 10.1016/
j.pdpdt.2017.03.007

52. Alves LV.G.L., Curylofo-Zotti F.A,
Borsatto M.C., Salvador S.L.S., Valério R.A.,
Souza-Gabriel A.E., Corona S.A.M. Influence
of antimicrobial photodynamic therapy in
carious lesion. Randomized split-mouth
clinical trial in primary molars. Photodiag-
nosis Photodyn Ther. 2019; 26: 124-130.
DOIL: 10.1016/j.pdpdt.2019.02.018

53. Potapchuk AM., Almashi V.M., Lom-
nitsky LY., Rusyn V.V., Hegedush V. The use
of photodynamic therapy in the treatment of
dental caries in children of contaminated
areas of the ecosystem of the upper tysa re-
gion. Wiad Lek. 2020; 73 (3): 483-488.

54. Carvalbo L.T., Belem F.V., Gongal-
ves L.M., Bussadori S.K., Paschoal M.A.B.
Chemo-mechanical and photodynamic ap-
proach in A deep dental cavity: A case report.
Photodiagnosis Photodyn Ther. 2020; 32:
101954. DOL 10.1016/j.pdpdt.2020.101954

55. Ryabova M.A., Molodcova V.P.
Portnov G.B., Akopov A.L. Recurrent respira-
tory papillomatosis with lung involvement
and malignancy. Pulmonology 2022; 32 (2):
261-269.DOL  10.18093,/0869-0189-2022-
32-2-261-209 (in Russian).

74

50. Lieder A, Khan M.K., Lippert B.M.
Photodynamic therapy for recurrent respi-
ratory papillomatosis. Cochrane Database
Syst Rev. 2014; (6): CD009810. DOL
10.1002/14651858.CD009810.pub?

57. Shikowitz  M.J., Abramson AL,
Steinberg B.M., DeVoti |., Bonagura V.R.
Mullooly V., Nouri M., Ronn AM., Inglis A.,
McClay ], Freeman K. Clinical trial of
photodynamic therapy with meso-tetra
(hydroxyphenyl) chlorin for respiratory
papillomatosis. Arch Otolaryngol Head
Neck Surg. 2005; 131 (2): 99-105. DOL
10.1001 /archotol.131.2.99.

58. loyleva E.E., Belyanina S.I. Treatment
of choroidal neovascularization associated
with optic disc druses. Rossiskaya detskaya
oftalmologiya 2022; 3: 51-57 (in Russian).

59. Ozdek S., Ozmen M.C.,, Tufan HA,
Gurelik G., Hasanreisogly B. Photodynamic
therapy for best disease complicated by chot-
oidal neovascularization in children. ] Pediatr
Ophthalmol Strabismus. 2012; 49 (4): 216-21.
DOI: 10.3928/01913913-20111004-01

00. Lipski A., Bornfeld N., Jurklies B.
Photodynamic therapy with verteporfin in
paediatric and young adult patients: long-
term treatment results of choroidal neovas-
cularisations. Br J Ophthalmol. 2008; 92 (5):
055-660. DOL 10.1136/bjo.2007.134429

O1. Siisskind D., Inboffen W., Gelisken F.,
Volker M. Photodynamic therapy with dou-
ble duration for circumscribed choroidal
haemangioma: functional and anatomical
results based on initial parameters. Clin Exp
Ophthalmol. 2018; 46 (5): 495-501. DOL
10.1111/ce0.13096

02. Yildirim C., Cetin E.N., Yayla K,
Avunduk A.M., Yaylal V. Photodynamic
therapy for unilateral idiopathic peripapil-



Perm Medical Journal

2024 volume XLI no. 3

lary choroidal neovascularization in a child.
Int Ophthalmol. 2011; 31 (4): 333-335.
DOLI: 10.1007/s10792-011-9442-z

03. Giansanti F., Virgili G., Varano M.,
Tedeschi M., Rapizzi E., Giacomelli G.,
Menchini U. Photodynamic therapy for cho-
roidal neovascularization in pediatric pa-
tients. Retina. 2005; 25 (5): 590-696. DOL:
10.1097,/00006982-200507000-00009

04. Olshanskaya A.S., SHnajder N.A.,
Dmitrenko D.V., Kozina E.V., CHeshejko E.Yu.,
ll'enkov §.S., Cuprikova M.E. Damage to the
organ of vision in Sturge-Weber syndrome.
Zabajkalskij medicinskij vesinik 2019; (2):
196-203 (in Russian).

05. Nugent R., Lee L., Kwan A. Photo-
dynamic therapy for diffuse choroidal he-
mangioma in a child with Sturge-Weber
syndrome. ] AAPOS. 2015; 19 (2): 181-183.
DOI: 10.1016/j.jaap0os.2014.10.032

06. Mauget-Fayisse M., Mimoun G., Ruiz-
Moreno |.M., Quaranta-El Maftoubi M., De
Laey | J., Postelmans L., Soubrane G., Defau-
chy M., Leys A Verteporfin photodynamic
therapy for choroidal neovascularization as-
sociated with toxoplasmic retinochoroiditis.
Retina.  2000; 26 (4): 396-403. DOL
10.1097/01.i2¢.0000238552.76412.a¢

67. Farab M.E., Costa R.A., Muccioli C.,
Guia TA., Belfort R.Jr. Photodynamic therapy
with verteporfin for subfoveal choroidal ne-
ovascularization in Vogt-Koyanagi-Harada syn-
drome. Am J Ophthalmol. 2002; 134 (1): 137-
139. DOIL 10.1016/50002-9394(02)01456-3

08. Schwake M., Nemes A., Dondrop J.,
Schroeteler J., Schipmann S., Senner V.,
Stummer W., Ewelt C. In-Vitro Use of 5-ALA
for Photodynamic Therapy in Pediatric
Brain Tumors. Neurosurgery. 2018; 83 (6):
1328-1337. DOL: 10.1093 /neuros/nyy054

09. Schmidt M.H., Meyer G.A., Rei-
chert KW., Cheng J., Krouwer H.G., Ozker K.,
Whelan H.T. Evaluation of photodynamic
therapy near functional brain tissue in pa-
tients with recurrent brain tumors. ] Neu-
rooncol. 2004; 67 (1-2): 201-207. DOL
10.1023/b: neon.0000021804.50002.85

70. Lou PJ., Jdger H.R., Jones L., Theo-
dossy T., Bown S.G., Hopper C. Interstitial
photodynamic therapy as salvage treatment
for recurrent head and neck cancer. Br ]
Cancer. 2004; 91 (3): 441-446. DOL
10.1038/5j.bjc.6601993

71. Yu W., Zbu J., Wang Y., Wang J.,
Fang W., Xia K., Shao J., Wu M., Liu B.,
Liang C., Ye C., Tao H. A review and outlook
in the treatment of osteosarcoma and other
deep tumors with photodynamic therapy:
from basic to deep. Oncotarget. 2017; 8 (24):
39833-39848. DOL: 10.18632 /oncotarget

72. Markichev N.A., Eliseenko V.1, Alek-
seev YUV., Armichev AA. Photodynamic
therapy of basal cell skin cancer with the
use of a photosensitizer of the chlorin se-
ries. Laser medicine 2005; 9 (1): 16-19
(in Russian).

73. Esposito S., Garziano M., Rainone V.,
Trabattoni D., Biasin M., Senatore L., Marchi-
sio P., Rossi M., Principi N., Clerici M. Immu-
nomodulatory activity of pidotimod adminis-
tered with standard antibiotic therapy in chil-
dren hospitalized for community-acquired
pneumonia. J Transl Med. 2015; 13: 288. DOL
10.1186/512967-015-0649-z

74. Nicolo M., Desideri L.F., Vagge A,
Traverso C.E. Current Pharmacological
Treatment Options for Central Serous Cho-
rioretinopathy: A Review. Pharmaceuticals
(Basel). 2020; 13 (10): 264. DOL 10.3390/
ph13100264

75



LITERATURE REVIEW

75. Seitz G., Fuchs J., Schaefer J.F., War-
mann S.W. Molecular imaging and photody-
namic therapy in hepatoblastoma. Front
Biosci (Elite Ed). 2012; 4 (1): 487-492. DOL
10.2741/e394

76. Stefini A., Salzer S., Reich G., Horn H.,
Winkelmann K., Bents H., Rutz U, Frost U.,
von Boetticher A., Rubl U., Specht N., Kron-
miiller K.T. Cognitive-Behavioral and Psycho-
dynamic Therapy in Female Adolescents With
Bulimia Nervosa: A Randomized Controlled
Trial. J] Am Acad Child Adolesc Psychiatry.
2017; 56 (4): 329-335. DOL 10.1016/
jjaac.2017.01.019

Funding. The study was carried out on
the initiative of the authors, without attract-
ing funding,

Conflict of interest. The authors de-
clare no obvious or potential conflicts of
interest related to the content of this article.

Author contributions:

Osipov SA. — development of the con-
cept and design of the study, obtaining and
analyzing data, interpretation of results.

Aliev MA. — development of the study
design, writing the article.

Nurkaeva AS. — data analysis, writing
the article.

Daribaeva N.A. — data acquisition, arti-
cle editing,

Murtazin A.A. — writing the article, ana-
lyzing literature.

Agaeva FL. — interpretation of results,
writing of the article.

Khairullina A.A. - data acquisition and
analysis, article editing,

Shalganova K.S. — interpretation of re-
sults, article editing,

Filippova AA. — data analysis, article
editing,

Iksanova V.V. — data acquisition, article
editing.

Zhidenko M.A. — data acquisition, arti-
cle editing,

Salatov YaS. — data acquisition, article
editing.

All authors contributed equally to the
writing of the article, approved the final
version of the article before its publication,
agreed to carry the responsibility for all as-
pects of the work, including appropriately
reviewing and resolving questions related to
the accuracy or integrity of any part of it.

Received: 01/24/2024
Revised version received: 03/26/2024
Accepted: 05/15/2024

Please cite this article in English as: Osipov S.A, Aliev MAA, Daribaeva N.A, Murtazin AA, Agaeva F.L,
Khairullina A A, Shalganova K.S,, Filippova AA, Iksanova V.V, Zhidenko MA, Salatov YaS. The effectiveness
of photodynamic therapy in pediatric practice. Perm Medical Journal, 2024, vol. 41, no. 3, pp. 60-76. DOL

10.17816/pmj41360-76

76



	Untitled

