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EFFECTIVENESS OF 650 NM RED LASER
PHOTOBIOMODULATION THERAPY TO ACCELERATE
WOUND HEALING POST TOOTH EXTRACTION

Astuti S.D.', Nashichah R.!, Widiyanti P.!, Setiawatie E.M.!, Amir M.S.!, Apsari A.2, Widyastuti?,
Hermanto E.?, Susilo Y.3, Yaqubi A.K.!, Nurdin D.Z.l.", Anuar N.#

'Airlangga University, Surabaya, Indonesia

2Hang Tuah University, Surabaya, Indonesia

3Dr Soetomo University, Surabaya, Indonesia

*Universiti Malaya, Kuala Lumpur, Malaysia, Malaysia

Abstract

After tooth extraction, there can be consequences involving injury to the tissue surrounding the extracted tooth, which may lead to severe
problems such as inflammation and infection. The wound healing process comprises inflammation, proliferation, and remodeling phases.
Photobiomodulation is a therapy form that utilizes the interaction of a light source with tissue. This interaction can activate an increase in Adenosine
Triphosphate (ATP), which subsequently triggers a chain reaction leading to the creation of new blood vessels and an increase in the number of
fibroblasts. This study used a red laser light source with a power of 3.32 £ 0.01 mW, delivering a dose of 3.5 J to patients for extraction indications.
The parameters observed included Interleukin 13 (IL-1p), Prostaglandin E2 (PGE2), Human Beta defensin 2 (HBD2), and Gingival Index (Gl). The
results of testing saliva samples using the enzyme-linked immunosorbent test (ELISA) for the parameters IL-1B, PGE2, and HBD2 show a significant
influence between the control and therapy groups. Meanwhile, Gl revealed a significant influence of therapy on the wound-healing process. Using
the Mann-Whitney U test, on day 1, the p-value was found to be 0.32, indicating no significant difference between the control and therapy groups.
However, on the third day after the therapy was administered, the p-value was obtained as 0.01, signifying a significant difference between the
control and therapy groups. On day 5, a p-value of 0.034 was obtained, signifying a significant difference between the control and therapy groups.
Based on the research results, it can be observed that there is a decrease in the values of IL-1(3, PGE2, HBD2, and GI. This indicates that local immune
cells, including resident macrophages, are activated by pro-inflammatory mediators released in response to injury, and they play an essential role
in accelerating wound healing.

Key words: wound healing, red laser, photobiomodulation, enzyme-linked immunosorbent (ELISA), gingival index (GI).
Contacts: Astuti S.D., e-mail: suryanidyah@fst.unair.ac.id

For citations: Astuti S.D., Nashichah R., Widiyanti P, Setiawatie E.M., Amir M.S., Apsari A., Widyastuti, Hermanto E., Susilo Y., Yaqubi A.K., Nurdin D.Z.I.,
Anuar N. Effectiveness of 650 nm red laser photobiomodulation therapy to accelerate wound healing post tooth extraction, Biomedical Photonics,
2024, vol. 13, no. 1, pp. 4-15. doi: 10.24931/2413-9432-2024-13-1-4-15.

SDDEKTUBHOCTb MPUMEHEHUS NA3EPA C OJIMHOM
BOJIHbI 650 HM )14 YCKOPEHUA 3AXUBJIEHUNSA PAH
NOCJIE YOAJIEHNS 3YBA

S.D. Astuti!, R. Nashichah', P. Widiyanti!, E.M. Setiawatie!, M.S. Amir', A. Apsari?,
Widyastuti?, E. Hermanto?, Y. Susilo3, A.K. Yaqubi', D.Z.I. Nurdin', N. Anuar*
'Airlangga University, Surabaya, Indonesia

?Hang Tuah University, Surabaya, Indonesia

3Dr Soetomo University, Surabaya, Indonesia

“Universiti Malaya, Kuala Lumpur, Malaysia, Malaysia

Pe3lome
MNocne yAaneHua 3y6a MOTyT BO3HUKHYTb OC/IOKHEHWA, CBA3aHHbIe C NOBpeXxaeHnem TKaHEI7I, OKpy»<atoLwmnx y,qaneHan?l 3y6, YTO MOXeT
npuBecTn K Cepbe3HbiM npo6nemaM, TaKUM KaK BOCraJieHune u VIH(I)EKLWIFI. I'Ipouecc 3aXMBJIEHNA pPaHbl BKJOYaeT ¢a3bl BOCnaneHums,
nponudepaunm n pemoaenvposaHua. Dotobromogynauma — 3To popma Tepanum, KOTopas NCMoNb3yeT B3aMOAENCTBYE NCTOYHMKA CBETa
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C TKaHbl0. 3TO B3aVIMOAENCTB/E MOXKET CMOCOOCTBOBaTh BbipaboTke ATD, UTo BMOCNEACTBUM 3aMyCKaeT LenHy peakLmio, MPUBOAALLYIO K
06pa3oBaHN0 HOBbIX KPOBEHOCHbBIX COCYAO0B 1 YBENMYEHUIo KonmyecTBa GrubpobnacTtos. B Halwem nccnefoBaHm Mbl MCMOSIb30Bany flasep
C U3SlyYyeHneM B KpacHOM 0611acTu CnekTpB (MOLHOCTb n3nyyeHus 3,32 + 0,01 mBT, cBeToBasA go3a 3,5 ). B xoae nccnepoBaHma oLeHmBanm
BAVAHME Tepanuu Ha ypoBeHb uHTepnerikuHa 1B (IL-1B), npocTtarnaHguHa E2 (PGE2), 6eta-gedeHcrHa yenoseka 2 (HBD2) u gecHeBom
nHaekc (Gl). ccnepoBaHna NOATBEPAUN 3HAUYNUTENIbHOE BANAYHNE NCCefyeMON Tepanum Ha NpoLecc paHo3axkusneHus. Mo pesynbratam
nccnefoBaHUi TakxKe Habntofdanu cHUKeHne 3HauveHmin IL-13, PGE2, HBD2 n Gl. 3To yKa3blBaeT Ha TO, YTO MECTHble UMMYHHbIE KNeTKM,
BKJ/lOYas pe3nfeHTHble Makpodary, akTVBMPYOTCA MPOBOCMANIUTENIbHBIMU MeAMaTOPaMU, BbICBOGOXKAAaeMbIMU B OTBET Ha TPABMY, U UTpatoT

BaXKHYI0 POJIb B YCKOPEHMNI 3aXKVBIEHUA PaH.

KnioueBble cnoBa: 3axmBneHne paH, KpacHbll nasep, potobromoaynauna, GepMeHTHbIN nMMyHocopbeHT (VMDA), necHeBOM NHAEKC.

KonTakTbi: Astuti S.D., e-mail: suryanidyah@fst.unair.ac.id

[Ana untupoanua: Astuti S.D., Nashichah R., Widiyanti P, Setiawatie E.M., Amir M.S., Apsari A., Widyastuti, Hermanto E., Susilo Y., Yaqubi A.K.,
Nurdin D.Z.l, Anuar N. Effectiveness of 650 nm red laser photobiomodulation therapy to accelerate wound healing post tooth extraction //
Biomedical Photonics. - 2024. - T. 13, N2 1. — C. 4-15. doi: 10.24931/2413-9432-2024-13-1-4-15.

Introduction

Currently, 57% of Indonesians experience dental
and oral health problems such as caries and periodontal
tissue diseases. Periodontal disease is an ailment that
affects the tissue surrounding and supporting the
teeth, including the gingiva, periodontal ligament,
cementum, and alveolar bone [1]. Periodontal disease
occurs in developed and developing countries, affecting
approximately 20-50% of the global population. The
prevalence of periodontal disease in adolescents, adults,
and older individuals makes it a public health problem
[2]. Periodontal disease is a chronic inflammatory
condition of the periodontium, and its advanced form
is characterized by the loss of the periodontal ligament
and the destruction of the surrounding alveolar bone.
It is the leading cause of tooth loss and one of the two
most significant threats to oral health [3].

Indications for teeth requiring extraction include
severe caries, pulp necrosis, severe periodontal disease,
orthodontic reasons, malpositioned teeth, cracked
teeth, pre-prosthetic extraction, impacted teeth,
supernumerary teeth, teeth associated with pathological
lesions, pre-radiation therapy, teeth with jaw fractures,
aesthetic considerations, and economic factors. Dental
caries that involve the pulp tissue and leave only a
tiny amount of healthy tissue make maintenance
impossible. Severe periodontal disease causes bone
resorption, resulting in tooth mobility, and extraction
for orthodontic reasons may be necessary to create
space. Malpositioned teeth can cause trauma to the
surrounding soft tissues, and teeth with severe fractures
may require extraction. Lastly, extractions may be
performed for mouth preparation before prosthodontic
treatment [4]. Tooth extraction, or simply extraction, is
a procedure that involves separating a tooth from the
soft tissue that surrounds it and removing a tooth that
cannot be retained within its socket using forceps or
an elevator. According to survey data, the Indonesian
population’s total number of teeth affected by decay

reached 460 teeth per 100 people (4.6%), and 2.9% of
cases of tooth decay required extraction [1]. In dentistry,
tooth extraction is a procedure that can lead to injury,
causing discomfort for the patient and increasing the risk
of infections and other complications, which can result
in more severe issues. Additionally, tooth extraction can
traumatize blood vessels, initiating a primary hemostasis
process that involves the formation of platelet plugs
(blood clots) at the site of the wound. Platelet plugs
form from interactions between platelets, coagulation
factors, and the blood vessel walls [4]. Acute or chronic
soft tissue injuries represent an abnormal condition
for the patient and necessitate both time and financial
resources for treatment. When tissue is damaged due to
injury, a wound-healing process is initiated [5].

The wound healing process comprises three phases:
the inflammatory phase, the proliferation phase, and the
remodeling phase [6]. These phases are interconnected
and overlap, beginning from when the wound occurs
until healing and wound closure are achieved [7]. When
an injury occurs, the body’s initial response involves
releasing platelets or blood clots, which contain
hemostasis components. These platelet aggregates
release Transforming Growth Factor beta 1 (TGF 31) as
an inflammatory mediator, which activates fibroblasts to
synthesize collagen [8]. Tissue healing following a wound
is a complex process with several stages, influenced by
numerous intrinsic and extrinsic factor [9,10].

The stages of healing are classified into three types:
primary, secondary, and tertiary healing [11]. Various
therapies are employed for wound healing, one of which
is the use of antibiotics. Antibiotics can be pretty effective
in treating infections and help prevent pain associated
with wound-healing, even though the optimal dosage
has not yet been determined. Antibiotics are commonly
used to prevent infection during wound-healing,
including wounds resulting from tooth extraction
surgery. Doxycycline is an antibiotic frequently used
for infections caused by gram-negative and gram-
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positive microorganisms [12]. Since the correct dosage
has not been established, and its use can potentially be
inappropriate for the specific target or even inadvertently
affect other areas due to the location of the wound in the
mouth, alternative forms of treatment are needed to aid
in the wound healing process following tooth extraction.

Non-steroidal anti-inflammatory drugs (NSAIDs)
are commonly used in periodontal disease therapy as
anti-inflammatory drugs. These medications serve to
alleviate pain and prevent the spread of inflammation
by inhibiting the formation of prostaglandins through
the cyclooxygenase (COX) pathway of arachidonic acid
metabolism. However, prolonged use of COX-2 inhibitors
can lead to adverse effects such as stomach ulcers and
hemorrhage [13]. The side effects of non-steroidal anti-
inflammatory drugs can encompass gastrointestinal
disorders, cardiovascular diseases, and impaired kidney
function. In patients with congestive heart failure, the use
of non-steroidal anti-inflammatory drugs can exacerbate
heart failure and pose risks to the gastrointestinal tract,
including bleeding, ulceration, and perforation of the
stomach or intestines, which can potentially be fatal.
These side effects can manifest anytime during usage
without warning symptoms. One issue related to drug
usage is Adverse Drug Reactions (ADR) [14]. ADRs refer
to adverse reactions to drugs that occur during clinical
use. Non-steroidal anti-inflammatory drugs are among
the medications most commonly associated with
patients requiring treatment for ADRs [15]. Drugs that
lead to ADRs are frequently encountered in high-risk
patient populations [16]. Therefore, there is a need for
alternative therapies that have fewer side effects than
using these drugs. Photobiomodulation therapy is one
treatment option associated with fewer side effects than
drug usage [17,18].

Light sources utilized in photodynamic antimicrobial
therapy and photobiomodulation encompass lasers
[19] and LEDs [20,21]. Lasers emit coherent, collimated,
monochromatic light. The effectiveness of laser
therapy is influenced by the wavelength spectrum and
energy density [22]. Laser therapy induces biochemical
reactions in body tissues to facilitate cell repair, enhance
blood circulation, and reduce inflammatory reactions
and swelling. The energy delivered by the laser beam
stimulates damaged cells to produce adenosine
triphosphate (ATP), which is subsequently utilized to
maintain normal cellular functions and promote cell
repair [23].

Lasers at specific wavelengths have been
demonstrated to inhibit the growth of bacteria [24,25]
and biofilms [26-28], which are known to cause wound
infections in vitro. Low-level laser therapy aims to reduce
the toxicity of silver sulfadiazine and promote wound
healing. In his literature, Walsh states that low-level
laser therapy can impact wound healing [29]. Low-level

laser therapy increases fibroblast proliferation, collagen
synthesis, angiogenesis, and epithelialization. The laser
stimulates the activation of the electron transport chain,
ATP synthesis, and a reduction in cellular pH. This, in
turn, triggers a reaction in the cell membrane through
photophysical effects on calcium channels, resulting
in an increased number of macrophages, along with
enhanced fibroblast and lymphocyte cell activity [22,30].

Photobiomodulation (PBM), or low-levellaser therapy,
involves using red light to stimulate healing, alleviate
pain, and reduce inflammation [18]. PBM is a therapeutic
approach that leverages the interaction of a light source
with tissue to trigger an increase in ATP, setting off a chain
reaction that leads to the formation of new blood vessels
and an increase in the number of fibroblasts responsible
for generating a new matrix in injured tissue [31]. The
mechanisms of photobiomodulation employ photons
(light energy) to modulate biological processes.

PBM laser is also referred to as Low-level laser therapy
(LLL), cold laser, therapeutic laser, and soft laser. This
device utilizes laser energy, typically generated by a
semiconductor diode with power levels ranging from
0.1 W to 0.5 W, for wound therapeutic purposes [2].
The primary chromophores involved are cytochrome
c oxidase in mitochondria and calcium ion channels
[32]. Secondary effects from photon absorption include
increased ATP production, short bursts of reactive oxygen
species, elevated nitric oxide levels, and modulation of
calcium levels. Tertiary effects encompass the activation
of various transcription factors, leading to increased cell
survival, enhanced cell proliferation and migration, and
the synthesis of new proteins. There is a biphasic dose-
response relationship in which low light levels stimulate,
while high light levels have an inhibitory effect. It has
been discovered that PBM can induce the production of
Reactive Oxygen Species (ROS) in normal cells. However,
it reduces ROS levels when applied to cells under
oxidative stress or in animal disease models. PBM can
regulate antioxidant defences and decrease oxidative
stress. Research has shown that PBM can activate NF-kB
in normal quiescent cells, but in activated inflammatory
cells, it reduces inflammatory markers [32]. Therefore,
wavelength and dosage are crucial for effectively
accelerating wound healing.

One of the benefits of PBM therapy is its ability to
enhance the healing process of body tissue wounds.
Injured body tissues often undergo a reduction or loss
of their anatomical and functional structure. When
this occurs, the body’s natural mechanisms become
crucial in restoring function and structure as part of the
natural wound-healing process. To expedite the wound
recovery process, a form of stimulation is required to
encourage cells to enter the regeneration stage, and
photobiomodulation therapy can play a significant
role in this regard. As studied by researchers, the use
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of low-power laser light sources in wound therapy has
demonstrated a reduction in pain, a positive impact
on inflammation, and facilitation of the proliferation
and maturation phases, accompanied by an increase in
tensile strength [33].

When lasers are applied to wounds, they induce
changes in the permeability of inflammatory cells,
leading to increased proliferation, including that of
macrophages. As the number of macrophages increases,
the expression of TGF-3 by these macrophages also
increases. Consequently, collagen synthesis is enhanced,
resulting in faster and more effective wound healing [34].
Numerous studies have demonstrated the effectiveness
of PBMinstimulatingwound healing.Researchconducted
by Gupta et al. (2015) involved wound healing therapy
in mice using PBM with a wavelength of 904 nm, which
resulted in accelerated healing, reduced inflammation
(histologically), decreased expression of TNFa and
NF-kB, and increased expression of VEGF, FGFR-1, HSP-
60, HSP-90, HIF-10, and matrix metalloproteinases-2 and
9 compared to the control group [35]. In the research
conducted by Astuti et al. (2021), a red laser light source
with a wavelength and energy of 3,332 £ 0.01 mW
was applied to experimental Wistar rats with wounds
resulting from the removal of their first molar teeth. The
study aimed to examine the effect of this laser therapy
on the wound-healing process. The parameters observed
included lymphocyte cells, fibroblast cells, the formation
of new blood vessels, Interleukin 13 (IL-1B), and collagen
1a (COL-1a). These observations were compared with
two groups of mice that received either 0.1% antiseptic
treatment or antibiotic therapy. The results of the
observations indicate that red laser photobiomodulation
can aid in wound recovery following tooth extraction.
This is evidenced by an increase in the number of
lymphocyte cells and fibroblast cells, the formation
of new blood vessels, the expression of COL-1a, and a
decrease in the expression of IL-1p [2].

PBM was discovered almost 50 years ago by Endre
Mester in Hungary [37]. PBM is often referred to as low-
level laser therapy because the initial devices used were
ruby (694 nm) and HeNe (633 nm). Various wavelengths
in the red spectrum (600-700 nm) and near-infrared (NIR,
770-1200 nm) range have demonstrated positive results.
More recently, blue and green wavelengths have also
been explored, but they encounter significant challenges
with penetration depth. Therefore, the wavelength
highly recommended for reducing pain or wound
healing therapy falls within the red spectral range (600-
700 nm). It is widely accepted that light penetration into
tissue is influenced by its absorption and scattering by
molecules and structures within the tissue. Absorption
and scattering decrease considerably as wavelength
increases, with the maximum NIR penetration depth
being approximately 810 nm [18].

Wound healing therapy continues to be a topic
of ongoing development in the present day. Correct,
effective, and efficient wound management is of utmost
importance. The post-extraction wound healing process
typically takes a significant amount of time, often up to
16 weeks. The extended duration of the natural wound
healing process is primarily due to various disturbances
that can occur. These disturbances can be classified into
local and systemic factors [38]. Local factors encompass
issues such as infection, compromised blood flow, foreign
objects that can interfere with the inflammatory mediator
response, mobility,and the wound's size, type, and location.
On the other hand, systemic factors include considerations
like age, nutritional status, the use of glucocorticoids,
uncontrolled diabetes, and haematological abnormalities.
Considerable efforts have been dedicated to wound
care, focusing on the development of novel therapeutic
approaches and the application of new technologies
for the treatment of both acute and chronic wounds.
The wound-healing process following tooth extraction
requires a significant amount of time. Therefore, this study
aims to investigate the impact of diode laser exposure in
post-operative cases of tooth extraction.

Materials and Methods

In this study, there were 60 subjects: 30 in the
therapy group and 30 in the control group. The therapy
group underwent photobiomodulation therapy using
a 650 nm red laser for 60 seconds, with a radiation dose of
2 J/cm?. This therapy directed perpendicular light onto the
injured area immediately after the extraction procedure.
Photobiomodulation therapy using a 650 nm red laser
was administered on days 1, 3, and 5 following the
extraction procedure. Saliva samples were collected from
the subjects, with approximately 15 ml of saliva collected
from each individual. In contrast, the control group did not
receive photobiomodulation therapy.

Laser source
The laser diode light source used in the study is a
red laser with a wavelength of 650 nm. Characterization
was conducted using a Jasco CT-10 monochromator to
determine the peak wavelength. The power output was
measured at 3.33 £ 0.01 mW using an OMM-6810B-220
V power meter. The measurement distances ranged
from 1 cm to 5 cm, with intervals of 0.5 cm. Diode laser
irradiation was performed with exposure times ranging
from 300 to 500 seconds, with 1-second intervals. | was
characterizing laser exposure temperature involved
directing a laser beam at a thermometer sensor and
recording the temperature for 1 second for 300 seconds.
The irradiation time is determined as follows to calculate
the energy density value [25].
Energy Density (J.cm™) = Intensity (W.cm?) x
X Irradiation Time (s). (M
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Puc. 1. OueHKa JecHeBOro MHaeKca.
Fig. 1. Gingival index score.

Gingival Index (GI) Measurement

Samples were collected from gingival index
examinations conducted on subjects at the Surgery and
Oral Department of RSGM. The baseline data included
dentalindex examinations and the initial saliva collection.
The first evaluation occurred after three days of providing
laser therapy for gingivitis. The second evaluation was
conducted on day five following laser therapy. Gingivitis
was assessed using the Gingival Index (Gl) developed by
LoeandSilness during each evaluation.The Gingival Index
scores and corresponding criteria used to determine the
gingival status were as follows: 0 (normal gingiva), 1
(mild inflammation characterized by slight changes in
colour and mild oedema without bleeding on probing),
2 (moderate inflammation with redness, oedema, and
shininess, accompanied by bleeding upon probing),
and 3 (severe inflammation marked by pronounced
redness and oedema, ulceration with a tendency for
spontaneous bleeding) (Anggraini et al., 2016). All scores
were recorded, including the gingival index scores of the
samples collected before laser therapy (on day 1, day 3,
and day 5). The Gingival Index is depicted in Fig. 1.

Enymed-Linked Immunosorbent assay (ELISA)

Enzyme-Linked Immunosorbent Assay (ELISA) was
performed using Interleukin 13 (IL-1B), Prostaglandin
E2 (PGE2), and Human Beta Defensin 2 (HBD2). ELISA
is a biochemical technique employed to detect the
presence of antibodies or antigens in a sample. ELISA
can test various types of antigens, haptens, or antibodies.
The fundamental principle behind the ELISA technique
relies on a specific interaction between antibodies
and antigens, with enzymes serving as markers. These
enzymes produce a signal indicating an antigen’s
presence if it has reacted with the antibodies. This
reaction necessitates using specific antibodies that bind
to the antigen (Baker et al., 2007). The ELISA technique
is predicated on a specific antigen-antibody reaction
with high sensitivity and specificity, utilizing enzymes
as indicators. The fundamental principle of ELISA
involves analyzing the interaction between antigens and
antibodies, with enzymes serving as reaction markers
(Yusrini, 2005). ELISA's working principle entails forming a
complex between the antigen and antibody, followed by

adding specific substrates and peroxidase enzymes. This
combination results in a colour change in positive results.
ELISA data is typically represented using optical density
(OD) values and logarithmic concentrations to generate a
sigmoidal curve. This curve can be constructed by direct
graphing or by utilizing curve-fitting software in an ELISA
reader, such as MS Excel.

Statistical Analysis

In this research, statistical tests were conducted using
IBM SPSS to determineif there were significant differences
in PGE2, IL-1$3, HBD2, and Gingival Index data results. The
Independent-Sample T-test was utilized to assess the
levels of PGE2, IL-1B, and HBD2, while the Mann-Whitney
U test was employed to evaluate the gingival index value.

Results

Interleukin-1{ (IL-1B) protein testing was conducted
to monitor inflammation during the wound healing
process, both before extraction (day 0) and after
extraction (day three and day five post-wound
occurrence).Ingeneral, the observation resultsindicated
a decrease in the levels of IL-1B. The normality test,
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Puc. 2. [IvHaM1Ka YyPOBHS MHTEpP/IeNKUHA-13 B KOHTPOJIbHOW U
TepaneBTUYECKON rpynnax Ha 1-5 gHu.

Fig. 2. Dynamics of Interleukin-1p3 levels in the control and
therapy groups on days 1 to 5.
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performed using Kolmogorov-Smirnov, demonstrated
that the data exhibited a normal distribution for the
control group (without photobiomodulation therapy)
with a significance level (a) of 0.300, while for the
photobiomodulation therapy group, it was 0.115. Table
1 shows that post-extraction on day 1, day 3, and day
five significantly impacted IL-13 levels (p < 0.05). All
control group subjects exhibited higher IL-1B levels
when compared to the photobiomodulation therapy

group.
Ta6nuya 1

Based on Fig. 2, it is evident that the treatment
group receiving 650 nm wavelength red laser
photobiomodulation therapy exhibited lower levels of
interleukin-1 on day 1, day 3, and day five compared to
the control group.

Prostaglandin E2 (PGE2) protein testing was
conducted to assess inflammation during the wound
healing process on days 1 (pre-extraction) and post-
extraction on days three and 5. Overall, the observation
results indicate a decrease in the levels of PGE2. The results

[nHamunKa ypoBHeW MHTEPNEeNKUHA-[3 B KOHTPOJIbHOM U TepaneBTUYeCcKon rpynnax Ha 1-1, 3-i u 5-in gHu

Table 1

Dynamics of interleukin-1p3 levels in the control and therapeutic groups on days 1, 3 and 5

Fpynna CpepHee

KOHCTgrft’:gl“aﬂ 30 1927.53 68.40

1
Tepa%g;';ic"a” 30 182220 41.38
KOHCTCE’%’:gl”a" 30 1500.13 30.57

3
Tepaﬁg;‘;;“aﬂ 30 1132.10 37.01
KOFgg&?;ra” 30  1177.40 4535

5
TePa?ﬁgg'gsc"a" 30 82073 60.44

Ta6auua 2

CraHpapTHoOe
OTK/IOHEHUne

PesynbtaTbl He3aBucnmoro T-tecta
3akno4yeHne

PesynbTtaTthbl

t=7.22 CraTncTnyeckn [ocToBepHas
pasHuua .

p=0.00 There are different meanings

t=41.99 CTaTUCTNYECKN JOCTOBEPHAA
pasHuua

p=0.00 There are different meanings

152585 CTaTVCTMYECKIN AOCTOBEPHAR
pasHuua

p=0.00 There are different meanings

[OnHamuKa ypoBHei PGE2 B KOHTPOJIbHOM M TepaneBTUYECKOM rpynnax Ha 1-1, 3-1 n 5-i1 gHun

Table 2

Dynamics of PGE2 levels in the control and therapeutic groups ondays 1, 3and 5

Fpynna

CpepHee

CraHaapTHoe
OTK/IOHEeHMe

PesynbraTbl He3aBucumoro T-tecta

KoHTponbHasA 30

Control 26580 1031

1
Tepa?ﬁgg;}‘jc"a" 30 55430 6.96
Kofgm’zgl“a" 30 49359 38.55

2
Tepaﬁgg;sa(aﬂ 30 447.23 21.93
Ko*ggr%’:gl“aﬂ 30 468.07 45.35
’ TepaneBTunyeckas 30 425.97 20.14

Therapy

PesynbTtaTthbl 3aKnouyeHune

t=5.06 CraTUCTUYECKM OCTOBEPHasA
pasHuLla

0=0.00 There are different meanings

t=5.48 CTaTUCTNYECKN AOCTOBEPHas
pasHuLla

p=0.00 There are different meanings

t=9.19 CTaTICTMYeCKM JOCTOBEpHas
pasHuLua

0=0.00 There are different meanings
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of the Kolmogorov-Smirnov normality test showed that
the data exhibited a normal distribution for the control
group (without photobiomodulation therapy) with a
significance level (a) of 0.37, while for the therapy group
(with photobiomodulation therapy), it was 0.32.

As shown in Table 2, the post-extraction procedures
on day 1, day 3, and day 5 had a significant impact on
PGE2 levels (p < 0.05). The control group subjects had
higher PGE2 levels than the photobiomodulation therapy

group.
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Puc. 3. YpoBHu PGE2 B KOHTPO/IbHOW U TepaneBTUYECKOW rpyn-
nax B 1-5 aHun.
Fig. 3. Dynamics of PGE2 levels in the control and therapy groups
on days 1 to 5.

Ta6nuya 3

Based on Fig. 3, it is evident that the treatment
group receiving 650 nm wavelength red laser
photobiomodulation therapy exhibited lower PGE2
levels on day 1, day 3, and day 5 in comparison to the
control group.

Human B defensin 2 (HBD2) is a small protein
consisting of 15-20 residues that play a role in
antimicrobial defence by penetrating microbial cell
membranes and inducing microbial death, similar
to the action of antibiotics. The observation of the
HBD2 protein was conducted to identify indications of
inflammation during the wound healing process on day
1 (pre-extraction) and post-extraction on day three and
day 5. Overall, the observation results indicate a decrease
in the levels of HBD2. The results of the normality test
using Kolmogorov-Smirnov revealed that the data
exhibited typical distribution characteristics for the
control group (without photobiomodulation therapy)
with a significance level (a) of 0.186 and for the therapy
group (with photobiomodulation therapy), it was 0.171.

Table 3 shows that the post-extraction procedures
on day 1, day 3, and day five significantly impacted the
levels of HBD2 (p < 0.05). The control group subjects
exhibited higher HBD2 levels when compared to the
photobiomodulation therapy group.

Based on Fig. 4, it is apparent that the treatment group
receiving650nmwavelengthredlaserphotobiomodulation
therapy displayed lower HBD2 levels on day 1, day 3, and
day five compared to the control group.

The gingival index (Gl) is employed to evaluate gum
inflammation severity. It involves measuring six selected
teeth, serving as index teeth, including the upper right

AvHamuka ypoBHen HBD2 B KOHTPO/IbHOM U TepaneBTUYECKOM rpynnax Ha 1-i, 3-i1 u 5- gHu

Table 3

Dynamics of HBD2 levels in the control and therapeutic groups on days 1, 3 and 5

Fpynna

CpepHee

Ko'ggr?t’:gra" 30 1864.77 10.31

1
Tepa?ﬁgg;;—‘“a" 30 1843.60 6.96
KOHCTCIEm;ra" 30 1817.27 38.55

2
Tepaﬁgg;sd‘a“ 30 1666.90 21.93
KOHCT(I)D&’:'&““ 30 1659.57 45.35
> TepaneBTnyeckas 30 1517.37 20.14

Therapy

CraHgapTHoe
OTKJ/IOHEHUe

Pe3synbTtaTtbl He3aBucumoro T-tecta

PesynbTaTtbl 3akniouyeHue

=22 CTaTncTnyecKkm JOCToBEepHasn
pasHuua
p=0.00 There are different meanings
t=7.22 C
TaTUCTUYECKN AOCTOBEPHAsA
pasHuua
p=0.00 There are different meanings
1=8.28 CTaTucTmyeckn JocToBepHas
pa3Huua
p=0.00 There are different meanings
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Puc. 4. InHamunKa ypoBHst HBD2 B KOHTpONbHOW U TepaneBTUYe-
cKoi rpynnax ¢ 1 no 5 geHb.

Fig. 4. Dynamics of HBD2 levels in the control and therapy
groups on day 1 to day 5.

first molar, upper left first incisor, upper left first premolar,
lower left first molar, lower right first incisor, and lower
right first premolar. Gl assesses gum inflammation
for each tooth in various aspects (facial, mesial, distal,
lingual), assigning a score ranging from 0 to 3 for both
the control and therapy groups. A Non-Parametric Test is
performed since the data takes the form of interval data.

Based on the outcomes of the non-parametric T-Test for
two independent samples utilizing the Mann-Whitney U
method, a p-value of 0.32 was obtained on day 1, indicating

Ta6nuua 4

Puc. 5. [IvHamuKka [JecHeBOro MHAEKca B TepaneBTUYECKOW
rpynne u KOHTPoabHOM rpynne ¢ 1 no 5 geHb.

Fig. 5. Dynamics of Gl in the therapy group and control group on
day 1 to day 5.

no significant difference between the control group and the
therapy group. However, on day three and day 5, a p-value
of less than 0.05 was obtained, signifying a significant
difference between the control and therapy groups.

Based on Fig. 4, it is evident that on day 0 and day
1, the Gl values were identical, indicating no difference
between the control and therapy groups. However,
on day three and day 5, differences in Gl values were
observed. These days, the Gl value in the therapy group
was lower than the Gl value in the control group.

[OvHamMuKa fecHeBOro MHAEKca B KOHTPOJIbHON U TepaneBTUYECKOM rpynnax Ha 1-i, 3-i u 5-i gHu

Table 4

Dynamics of Gingival Index levels in the control and therapeutic groups on days 1, 3 and 5

Fpynna

Pesynbtatbl Tecta MaHHa-YUTHU
CpeaHee

Pe3ynbTtatbl 3aknwuyeHne

KoHTponbHasn
Control = A0
1 p=0.32
TepaneBTnyeckas
Therapy 30 3.00
KoHTponbHas
Control 30 160
3 p=0.01
TepaneBTunyeckas
Therapy 30 1.56
KoHTponbHas 30
Control 0.48
5 p=0.03
TepaneBTnyeckasn
Therapy 30 0.30

HeT cTtatcTMyeCcKn JOCTOBEPHON Pas3HULibl
There is no difference in meaning

CraTucTnyeckn JoCToBEpHan pasHuLa
There are different meanings

CTaTCTUYeCKn BOCTOBEPHaA pasHuLa
There are different meanings

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.13, N2 1/2024



V9]
-
O
l_
(2’4
<
<
<
O,
&
O

Astuti S.D., Nashichah R., Widiyanti P., Setiawatie E.M., Amir M.S., Apsari A.,
Widyastuti, Hermanto E., Susilo Y., Yaqubi A.K., Nurdin D.Z.l., Anuar N.
Effectiveness of 650 nm red laser photobiomodulation therapy to accelerate wound healing post tooth extraction

Discussion

Tooth extraction is performed in response to issues
arising in the oral cavity, such as bacteria, disease, or
trauma, that render tooth retention untenable. Following
tooth extraction, tissue around the extracted tooth
sustains injury. The wound-healing process is the human
body’s defensive reaction to various injuries. This intricate
and dynamic process encompasses inflammation,
proliferation, and remodelling phases, each supported by
mediators playing specific roles. In response to the wound,
the body carries out the physiological function of wound
healing. The healing process encompasses three phases:
the initial, intermediate, and advanced, each characterized
by unique biological processes and cell functions. In the
initial phase, hemostasis occurs, during which blood
vessels severed in the wound undergo vasoconstriction
to halt blood flow. This phase initiates inflammation, clears
damaged tissue, and prevents bacterial infection. Chemical
agents can assist in the wound-healing process. Low-level
laser therapy has long been recognized for stimulating cell
activity, including inflammatory cells, which play a pivotal
role in wound healing [39].

Photobiomodulation is a device that utilizes coherent,
collimated, and monochromatic light energy. It is a light
therapy source that significantly relies on the wavelength
and energy it employs [35]. Photobiomodulation
operates with low wavelengths, energy levels, and doses,
enabling it to deliver therapeutic effects to illuminated
tissues. Characterization conducted in this research
demonstrated that red laser light, with a wavelength of
650 nm, had a measured wavelength and energy of 3.332
+ 0.01 mW. Photon energy is beneficial in augmenting
kinetic energy and activating or deactivating enzymes.
The response of cells and tissues to growth factors can be
observed through various indicators, such as increased
ATP and protein synthesis, alterations in cell membrane
permeability, calcium ion absorption, cell proliferation,
and a series of metabolic changes that ultimately lead to
physiological modifications facilitating tissue repair. The
favourable clinical outcomes of photobiomodulation
(PBM) include anti-inflammatory effects, analgesic
properties, pain suppression, and enhanced healing in
irradiated tissues. Achieving a specific power density
and precise irradiation levels are crucial factors in the
interaction between lasers and tissue. Peplow et al. (2010)
research emphasized the necessity of using low power
levels in photobiomodulation therapy, with dosage
playing a pivotal role in its effectiveness [40].

Laser therapy relies on low-intensity lasers or LED
lights, mainly through photobiomodulation (PBM)
techniques. One of the most intriguing aspects of PBM
is its impact on stem cells and progenitor cells, which
can lead to increased differentiation rates and ultimately
accelerate tissue healing [41]. Numerous studies have
indicated that PBM can enhance stem cell proliferation,

including gingival fibroblasts and dental pulp stem
cells obtained from exfoliated permanent and primary
teeth. The effectiveness of PBM on target tissues is
contingent on various parameters, including the light
source, wavelength, energy density, and duration of
laser exposure. Photobiomodulation (PBM) is a non-
invasive therapy that effectively reduces inflammation
and alleviates pain. It involves the therapeutic use of
coherent, collimated, monochromatic, and polarized
light absorbed by an endogenous chromophore
called cytochrome C. This absorption triggers non-
thermal and non-cytotoxic biological reactions through
photochemical and photophysical events, ultimately
leading to physiological changes.

Low-density energy and specific wavelengths used
in PBM therapy facilitate light penetration into cells
and tissues, resulting in modulatory effects. These
effects include the modulation of inflammation, the
proliferation of endothelial cells stimulated by growth
factors like VEGF, and increased fibroblast proliferation,
which, in turn, enhances collagen synthesis. These events
are considered crucial for the proper progression of the
healing process. The efficiency of PBM in influencing
cellular mechanisms, whether related to proliferation,
energy pathways, electrical signal transduction,
biochemical processes, or immune activity, is directly
dependent on the specific parameters used. These
parameters include electromagnetic wavelength, dose,
light beam area, tissue specificity, time of exposure, and
the type of injury being treated [22].

Interleukin-1 beta (IL-1B) is a pro-inflammatory
cytokine that plays a role in various physiological
processes, including pain, inflammation, and
autoimmune conditions. It is primarily produced by
activated macrophages. IL-13 has several functions,
such as stimulating thymocyte proliferation by inducing
the release of interleukin-2 (IL-2), promoting B cell
maturation and proliferation, and enhancing fibroblast
growth factor activity. Additionally, IL-18 is involved
in the inflammatory response, acts as an endogenous
pyrogen, and can stimulate the release of prostaglandins
and collagenase from synovial cells.

During inflammation, IL-13 levels typically show
a significant increase, unlike IL-1a. Type 1 interleukin
tends to increase and decrease during the inflammatory
process’s proliferation phase. In some instances, a
significant increase in IL-13 and tumour necrosis factor-
alpha (TNF-a) levels may be observed in non-improving
foot wounds, indicating ongoing inflammation. The
release of IL-13 as a pro-inflammatory cytokine is a
natural response during the inflammatory phase of the
wound healing process. It is crucial in the body’s defence
against microorganisms and pathogens. In normal
tissue conditions, the expression of IL-1(3 is generally
low. However, during inflammation, the release of IL-1f3

12
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increases significantly as it contributes to the immune
response and the destruction of pathogensin the affected
area. This study has shown differences in the levels of
IL-1B protein during the wound healing process after
tooth extraction when red laser photobiomodulation
therapy at a wavelength of 650 nm was applied.

Fig. 2 indicates that the reduction in IL-1(3 levels was
more pronounced in the therapy group compared to the
control group. This suggests that photobiomodulation
therapy with red laser light reduced this pro-inflammatory
cytokine’s levels during the healing process. Furthermore,
photobiomodulation has also been associated with
reduced levels of inflammatory cytokines in nerve
injuries, leading to pain reduction and facilitating nerve
regeneration, as evidenced by changes in TNF-q, IL-1[3,
and GAP-43 levels [42].

Prostaglandins play a significant role as inflammatory
mediators, and inhibiting prostaglandin production can
reduce inflammation. In this study, Prostaglandin E2
(PGE2) levels, which indicate inflammation during the
wound healing process, were assessed using enzyme-
linked immunosorbent tests (ELISA). The observations
revealed a general decrease in the levels of PGE2.

The results of the ELISA tests on saliva samples
demonstrated a significant difference between the
control and therapy groups. The Independent-Sample
T-Test results indicated that on day 1, day 3, and day 5,
the red laser photobiomodulation therapy group showed
0<0.05, signifying a significant difference between the
two groups.

This finding is consistent with research conducted
by Lim et al. (2015), who investigated the effects of
lipopolysaccharide (LPS) from Porphyromonas gingivalis
on human gingival fibroblasts (HGF). The study suggests
that red laser photobiomodulation therapy has the
potential to modulate PGE2 levels, contributing to
the reduction of inflammation during the wound
healing process [43]. The study by Lim et al. (2015) used
Photobiomodulation with a wavelength of 650 nm and
applied it to cells exposed to lipopolysaccharide (LPS)
either directly or indirectly (by transferring media from
PBM-treated cells to other cells with LPS). Both direct
and indirect protocols resulted in reductions in various

inflammatory markers, including cyclooxygenase-2
(COX2), prostaglandin E2 (PGE2), granulocyte colony-
stimulating factor (GCSF), regulated on activated normal
T cells expressed and secreted (RANTES), and CXCL11.
These findings suggest that Photobiomodulation with
a 650 nm wavelength has the potential to effectively
reduce inflammation, as indicated by the decreased
levels of these inflammatory markers.

The ELISA test results for Human 3 defensin 2 (HBD2)
parameters indicate a difference in the decrease in HBD2
levels between the control and therapy groups. The
Independent Sample T-Test results on days 1, 3, and 5
showed a significant difference between the two groups,
with p<0.05 in each case. This means the therapy group
exhibited a more significant reduction in HBD2 levels than
the control group. These findings suggest that the red
laser photobiomodulation therapy at a wavelength of 650
nm had a notable impact on reducing HBD2 levels, which
may contribute to its beneficial effects on wound healing.

In this study, gingival inflammation occurs due to
toxins released by bacteria, leading to irritation, redness,
and swelling of the gingiva. The degree of gingival
inflammation can be assessed using the Gingival Index
[46]. The research findings indicated differences in
Gingival Index values during wound healing when
utilizing red laser photobiomodulation therapy at 650nm.
The Mann-Whitney U statistical analysis revealed no
significant difference between the control and therapy
groups on day 1 (p=0.32). However, on the third day, a
significant difference was observed with a p-value of
0.01, and on day 5, a significant difference was also noted
with a p-value of 0.03. These results suggest that the
photobiomodulation therapy group had a lower Gingival
Index value than the control group, indicating a positive
impact on reducing gingival inflammation.

Conclusion

Based on the research results, it is evident that there
is a decrease in the values of IL-13, PGE2, HBD2, and
Gl. This indicates that local immune cells, including
resident macrophages, are activated by proinflammatory
mediators released in response to injury, significantly
accelerating the wound-healing process.
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EFFECTS OF SILVER NANOPARTICLE AND LOW-LEVEL LASER
ON THE IMMUNE RESPONSE AND HEALING OF ALBINO
MICE SKIN WOUNDS

Soltan H.H., Afifi A.,, Mahmoud A., Refaat M., Al Balah O.F.
Cairo University, Cairo, Egypt

Abstract

The structural integrity of the skin, which acts as a barrier to keep harmful external substances out of the body, is compromised by wounds. The
process of wound healing is a multifaceted and ever-changing phenomenon that entails the replacement of bodily tissues or damaged skin. It
has been demonstrated that nanoparticles, especially silver nanoparticles, have anti-microbial and anti-inflammatory qualities that encourage
cell migration and proliferation. Low level laser therapy has the potential to accelerate wound healing by stimulating cell regeneration after
injury, reducing pain, and modulating the immune system. The aim of our study is to evaluate the healing process after treatment with silver
nanoparticle and/or low level laser by measuring the serum levels of some pro-inflammatory cytokines (IL1b, IL6, and TNF-a), wound healing rate
and histological analysis. Wounds were inflicted into 63 adult male albino mice (Mus musculus) and randomly divided into nine groups (7 per
each). Control was left to normal healing. Other groups received a different treatment with laser, silver nanoparticle or both for 21 days. Injured
skin was sampled for histopathological examination. Quantitative determination of TNFa, IL1 beta and IL6 were carried out using the sandwich
enzyme-linked immunosorbent assay (ELISA) twice (day 2 and day 21). One-way and two-way analysis of variance (ANOVA) was used for statistical
analysis. The results showed that the groups treated with silver nanoparticles and / or low-level laser promoted wound healing by reducing pro-
inflammatory cytokines (IL1p, IL6 and TNFa) and showed significantly better wound closure with a significant reduction in wound size. At day 2
histopathological changes were very similar in different groups. When silver nanoparticles were applied, either alone or in combination with laser
exposure, better granulation tissue and fibrosis also necrosis in the canter of the lesion and high score of re-epithelialization with less inflammation
observed gradually till day 21. The results of this study suggested that silver nanoparticles and low-level laser have a wound healing potential, since
topical treatment with silver nanoparticles and low-level leasers has effectively improved the wound healing process.

Key words: wound healing, nanoparticle, silver nanoparticle, low level laser (LLL), pro-inflammatory cytokines, AgNPs, IL6, IL13, TNF- a.
Contacts: Al Balah O.F, e-mail: osama.f.alblah@niles.cu.edu.eg

For citations: Soltan H.H., Afifi A,, Mahmoud A., Refaat M., Al Balah O.F. Effects of silver nanoparticle and low-level laser on the immune response
and healing of albino mice skin wounds, Biomedical Photonics, 2024, vol. 13, no. 1, pp. 16-27. doi: 10.24931/2413-9432-2023-13-1-16-27.

BJIMAHME HAHOYACTULL CEPEBPA U .
HU3KOMNHTEHCMBHOTO JTA3EPA HA UMMYHHbIN OTBET
N 3AXUBITIEHUE KOXXHbIX PAH MbILLUEU-AJIBBUHOCOB

H.H. Soltan, A. Afifi, A. Mahmoud, M. Refaat, O.F. Al Balah
Cairo University, Cairo, Egypt

Peslome
CTpyKTypHaA LLenoCTHOCTb KOXKK, KOTOpan AeNCTBYeT Kak 6apbep, NpenATcTBYOWMIA NPOHNUKHOBEHWIO BPEAHbIX BHELLHWX BELLECTB B Opra-
HV3M, HapyluaeTca paHamu. [poLecc 3aXXMBNeHMA paH BieyeT 3a cobol 3amMeHy TKaHel opraHu3ma U rnoBpexaeHHomn Koxu. bbino npo-
[EMOHCTPVPOBAHO, YTO HaHOYaCTMLIbl, 0COOEHHO HaHOYaCTULbI cepebpa, 06naaaloT aHTUMUKPOOHBIMM 1 MPOTUBOBOCMANUTENbHBLIMUN CBON-
CTBaMV 1 CTUMYSIUPYIOT MUFPaLIo 1 nponndepanuio Knetok. HN3KoMHTEHCMBHAA Na3epHas Tepanua MOXeT YCKOPUTb 3aXKuBJIeHWe paH 3a
CYeT CTUMYNALMW PereHepaLym KJIETOK Nocsie TPaBMbl, yMeHbLUEHUA 60711 U MOAYNALMM UMMYHHOW cucTeMbl. Llenblo Halero nccnefosanus
ABNAETCA OL|eHKa MpoLiecca 3aXXMBNEHNA NOCNe leYeHNA HaHouacTLammn cepebpa n/unm HU3KOMHTEHCMBHBIM JTa3€POM NyTeM 13MepeHUA
CbIBOPOTOYHbIX YPOBHEN HEKOTOPbIX MPOBOCMANMTENbHbIX UMTOKMHOB (IL1b, IL6 1 TNF-a), CKOpOCTW 3aXKMBNEHNA PaH U FMCTONIOrMYECKOrO
aHanu3sa. PaHbl 6biy HaHeceHbl 63 B3pOC/IbIM CamLuam Mbiler-anbbuHocos (Mus musculus). Mbiwy 6binm cnyyainHbiM 06pa3om pasfaeneHbl
Ha AeBATb rpynn no 7 Mbiwein. KoHTponbHasa rpynmnbl 6biia ocTaBieHa 6e3 BO3AeNCTBUA O HOPMabHOrO 3aXmBieHVA. ipyrve rpynmnbl nony-
Yanu Apyroe neyeHvie Na3epoMm, HaHouacTLaMK cepebpa Unn 1 Tem, 1 Apyrum B TeueHune 21 cyT. MoBpexaeHHan Koxa bbina B3ATa A51A
rcTonartosiornyeckoro nccneposarus. KonnuectsenHoe onpepenexmne TNFa, IL1 6eTta 1 IL6 npoBoawn ¢ NOMOLLbIO MMMYHOGEPMEHTHOTO
aHanusa (M®A) paxkabl (2 1 21 cyT). InAa cTaTUCTNYECKOrO aHanm3a NPUMEHANN OAHOMAKTOPHbIV 1 ABYPAKTOPHbIN ANCNEPCUOHHDIV aHanu3
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(ANOVA). Pe3ynbTaTbl moKasanu, YTo B rpynmnax, nojyyaBLlimx BO3AeNCTBME HaHOYaCTULAMN cepebpa /UM HU3KOMHTEHCUMBHBIM J1a3epoMm,
3aXKMBJIEHME PaH COMPOBOXAANIOCh YBEIMYEHNEM YPOBHEN NMPOBOCMANUTENbHbBIX UMTOKUHOB (IL1{3, IL6 1 TNFa). B 3Tux rpynnax 6bi1o noka-
3aHO COKpaLlleHne BpeMeHW 3aKpbiTA paHbl CO 3HAaUUTENbHLIM YMeHbLUEeHeM pa3mepa paHbl. Ha 2-i feHb rmctonaTonornyeckre n3meHe-
HYA GbINV OYEHb MOXOXM B Pa3HbiX rpynnax. Mpy HaHeceHUN HaHoYacTUL, cepebpa, OTAENbHO UV B COYETaHUN C Ta3€PHbBIM BO3LENCTBUEM,
Habnofanocb yckopeHHoe 06pa3oBaHne rpaHyNALMOHHON TKaHN 1 $p1bpo3a, a TakKe HEKPO3 B 0611acTy nopaxeHus. B Tnx rpynnax 6bii
nosyyeH 6onee BbICOKMI 6ann peanutennsaLmy C MEHbLIMM BocraneHuem (8o 21 cyT). Pe3ynbTathl faHHOFO NCC/IEA0BAHUA CBUAETENbCTBYIOT
0 TOM, YTO HaHOYaCTMLbl cepebpa N HU3KOMHTEHCHBHbIV Na3ep 061afaloT PaHO3aXKMBAAOLMM NOTEHLMANIOM, TaK Kak MECTHOE NMPUMEHEHNE
HaHouacTULam cepebpa 1 HA3KOUHTEHCBHOTO NpenapaTtamv SGGEKTVBHO ynyULIMIO NMPOLECC 3aXKMBIEHUS PaH.

KnioueBble cnoBa: 3aK1BJieHne PaHbl, HAHOYaCTULbl, HAHOYaCTUL bl cepe6pa, HU3KOUHTEHCUBHbIN Nlasep, npoBocnannTesibHble UNTOKUHbI,
AgNPs, IL6, IL18, TNF-a.

KonTtaktbi: Al Balah O.F, e-mail: osama.f.alblah@niles.cu.edu.eg
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Introduction

Every year, millions of surgical incisions are caused
during standard medical care [1]. One of the fundamental
goals of clinical care continues to be promoting the
healing of these inadvertent and intentional injuries,
reducing the cosmetic impact on the patient, and
maximizing the restoration of tissue function with
the least number of scars [2]. When an injury occurs,
damaged wound tissue is naturally repaired by a series
of intricate cellular and biomolecular processes that
bring it back to its pre-injury state [3]. The inflammatory
response and related cellular migration, proliferation,
matrix deposition, and tissue remodeling make up the
fundamental biological mechanism of wound healing.
When the healing processes proceed in a well-organized
manner, the wound heals quickly and, in the case of acute
wound healing, leaves little to no visible scars [4].

In healthy individuals, this mechanism functions at its
best; nevertheless, there are many reasons that lead to
poor wound healing, including aging, trauma, surgery,
and acute or chronicillnesses like diabetes mellitus (DM)
[5,6]. According to DeClue and Shornick’s [7] research, the
overproduction of pro-inflammatory cytokines including
TNF-q, IL1B, and IL6 is linked to poor wound healing.

One of the key components of wound healing is
thought to be the inflammatory response. The different
inflammatory mediators are released to control the
wound-healing process. Pro- and anti-inflammatory
cytokinesmaybe producedduringnormalwoundhealing,
and the inflammatory response is more than sufficient.
Encouraging wound healing and tissue regeneration
requires safe in vivo regulation of the inflammatory
response [8]. Deregulation of proinflammatory cytokines,
including TNFa and IL1{3, prolongs the inflammatory
phase and slows healing [8,9].

Interleukin (IL)-10/IL13 have both been promoted
as “master regulators” of the wound healing response
due to the large number of processes each regulates

BIOMEDICAL PHOTONICS T.13, N2 1/2024

after injury or infection [10]. IL1f is released primarily by
monocytes and macrophages as well as by nonimmune
cells, such as fibroblasts and endothelial cells, during cell
injury, infection, invasion, and inflammation [11].

IL6 is produced by neutrophils and monocytes and
has been shown to be important in initiating the healing
response. Its expression is increased after wounding and
tends to persist in older wounds [12].

IL6 levels in wound fluids correlated with wound-
healing rates [13]. TNF-q, at low levels, can promote
wound healing by indirectly stimulating inflammation
and increasing macrophage produced growth factors.
However, at higher levels, especially for prolonged
periods of time, TNF-a has a detrimental effect on healing
[13,14].

NPs are tiny particles having a size range of 1-100 nm.
They have unique properties such as size, shape, large
surface area to volume ratio etc. NPs due to their vast
range of antimicrobial property and rapid effectiveness
with minimal dose are one of the choices of researchers
for wound healing [15]. Conventional wound healing
drugs have limited potential as they cannot penetrate the
cell membrane, which a NP can [16]. Regulatory approval
of Nano pharmaceuticals is slow, as the Food and Drug
Administration (FDA) should approve them [16,17].

Silver is a widely used as antimicrobial agent in
health care products. It has been applied for centuries in
sanitization, health care, and to inhibit bacteria in food,
but it has only been introduced into wound care as an
antibacterial in recent years [18]. The use of silver in the
past has been restrained by the need to produce silver
as a compound; thereby increasing the potential effects.
Nanotechnology has provided a way of producing pure
silver nanoparticles [19]. This system also markedly
increases the rate of silver ion release.

Laser light has the unique properties of
monochromaticity (single wavelength), collimation (runs
in one direction without divergence), and coherence
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(with all waves in phase). These properties allow laser
light to penetrate the skin’s surface non-invasively [20].
Therapeutic lasers are a thermic without significant heat
transfer (<0.65°C); in this way, photon energyis transferred
directly to the target cells and thermal damage is avoided.
Therapeutic lasers use monochromatic light in the 630 to
905 nm range, also known as the «therapeutic window»
[21]. Laser therapy could enhance wound healing process
by stimulating cell regeneration after injury, attenuating
pain, and modulating the immune system [22].

The aim of our study is to evaluate the healing process
after treatment with silver nanoparticle and/or low-
level laser by measuring the serum levels of some Pro-
inflammatory cytokines (IL1 3, IL6, and TNF-a), wound
healing rate and histological analysis.

Materials and Methods

Silver nanoparticles

20% nano colloidal silver nanoparticles were pur-
chased from (Paradise HealthCare)Spherical morpho-
logy with particle size ranged less than 10 nm (i.e.
Aggregates as 200 atoms of Silver) [23].

Moisten infected area with colloidal silver (using
cotton swabs) daily for the treated groups.

Laser treatment Exposure

Selected groups were exposed to diode laser (LSR_
PS_1II # 10042504- Germany) light three times a week, for
up to 21 days, with a radiation power of 650 + 5 nm; emits
180 mW/ cm [2,24], with a 6 ml spot size at 20 cm from
the injured part of the animal for 5 minutes.

Animals

In this study, 63 healthy adult male albino Swiss
mice (Mus musculus) weighing 25 + 5 g were purchased
from the National Research Center (Dokki, Egypt), kept
in standard polypropylene cages and acclimatized one
week before the experimental work. The animals were
housed at the animal house Zoology Department,
Faculty of Science, Cairo University and had free access
to standard pellet feed throughout, according to the
test protocol, and had free access to water for the
entire duration of the test. The animals were kept under
standard conditions: temperature (25 + 2°C), relative
humidity of the environment (55%) and alternating light-
dark cycle (12h/12h).

Animals were divided into nine groups as follows:

Group N: baseline, normal, without injury, three
mice were euthanized at day3 and the others were
euthanized at day 21; Group W day 2: positive control,
injured, untreated (inflammatory phase) and were
euthanized at day 2; Group W day 21: wounded,
untreated, (remodeling phase) and were euthanized at
day 21; Group W + L day 2: wounded treated once with
laser light and were euthanized at day 2; Group W + L
day 21: wounded treated with laser light 3 times a week
for 21 days and then were euthanized; Group W + Silver

day 2: wound treated once with silver nanoparticle
and were euthanized at day 2; Group W + Silver day
21: wounded treated with silver nanoparticle three
times a week for 21 days and then were euthanized;
Group W + L + Silver day 2: wound treated once with
laser, followed by silver nanoparticle and then were
euthanized at day 2; Group W + L + Silver day 21: after
each laser session, the wounded were treated with
silver nanoparticle three times a week for 21 days and
then were euthanized.

Study Design Procedure

Wounds were inflicted on mice. Subsequently,
the relevant groups were treated topically with silver
nanoparticles and / or low-level laser therapy for the
duration of the study (21 days). Positive control was left
to normal healing. Groups designed to allow evaluating
the selected parameter of the study at the inflammation
period (day 2) and the remodeling period (day 21). So,
wounded tissue and blood samples were collected at day
2 and 21 days after wounding, study evaluations such as
healing rate, histopathological examination, cytokine
assay by enzyme-linked immunosorbent assays (ELISA)
were performed to confirm the effectiveness of wound
healing after treatments.

Induction of wound

Before injury, each animal was partially anesthetized
for a few seconds, to facilitate wounding, with an
anesthetic solution of isoflurane (Anahal-Pharco-
Egypt), the dorsal fur of the animals was shaved with an
electric hair clipper and disinfected with 70% ethanol. A
standardized full thickness open excisional wound was
made using a 6 mm diameter, 2 mm deep biopsy punch
(Royaltek, USA) [25,26]. Wound areas were examined on
4th, 7th, 11th ,15th,18th, and 21st day after the injury
and evaluated for the percentage of wound contraction
as the following equation [27]

Percentage of wound contraction =
— Wound area day 1 —Wound areadayn y 1qg
Wound area day 1

Histopathological Procedure

Autopsy pieces of wounded skin were collected for
histopathological examination, samples fixed in 10%
neutral buffered formalin. Washing within tap water then
serial dilutions of alcohol (methyl, ethyl and absolute
ethyl) were used for dehydration. Specimens were cleared
in xylene and embedded in paraffin at 56°C in hot air
oven for 24 h. Paraplast wax (Royaltek, USA) tissue blocks
were prepared for sectioning at 4 thickness by rotatory
microtome. The obtained tissue sections were collected
on glass slides, deparaffinized, stained by hematoxylin
and eosin stain (PHARCO) [28], then examination was
done through the Olympus-USA BX43 light microscope
and photographed using the Cellsens dimensions
software linked to Olympus DP27 camera USA.
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Blood Sampling and Cytokine Assay

Samples were collected from the bleeding orbital
venous plexus after short anesthesia by Isoflurane
solution, Once the required blood volume was drawn the
serum was stored at -80°C then the animal was sacrificed
by cervical dislocation. Quantitative determination
of TNF-q, IL13 and IL6 levels was carried out with the
sandwich enzyme- linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions, optical
density was measured at 450 nm using on Plate Reader
(DAS-Italy), diagnostic kits for IL1B, IL6 and TNFa were
purchased from Glory Science Co., Ltd-China.

Statistical analysis

All statistical analysis was executed using Statistical
Package of the Social Sciences (IIBM-SPCS, version 26).
Two ways analysis of variance (ANOVA) was applied to
study the effect of silver nanoparticles and/or LLL on
wounds and their interaction on the levels of the studied
parameters (inflammatory cytokines IL13, TNFa, IL6;
wounds healing rate; histopathological examination and
blood count) at day 2 and day 21. The post comparison
test was used to detect the significant difference for
the studied parameters among the wounded groups at
definite time intervals. Data were represented as mean
(M) + standard error (SE). Significant difference was

considered at p<0.05.

Ethical Statement

The experimental protocol was approved by
the Institutional Animal Care and Use Committee

(IACUC), Faculty of Sciences, Cairo University (Egypt)
(CU/I/F/88/19). All experimental procedures were
performed in accordance with international guidelines
for the care and use of laboratory animals performed in
accordance with the recommendations of the current
edition of the Guide for the care and use of laboratory
animals, 8th edition, 2011, USA.

Results

A low level of inflammation is necessary for faster
wound healing, butits high level is destructive and delays
it — this is the main objective of our study and that’s how
we built our methods and selected analysis to evaluate
how much we achieved that.

Sixty-three healthy male adult albino mice; divided
into nine groups (7 per each group) all except the normal
group being circularly wounded at its dorsal as mentioned
previously; one group left to normal healing and the others
received a topical treatment with low level laser, silver
nanoparticles, or both along the experimental period.

Wound healing monitoring, inflammatory cytokines
assay and histological analysis all were considered as
parameter to conclude the best effect of our treatments.
Groups were designed to evaluate the selected
parameters during the inflammation, maturation and
remodelling phase.

Silver nanoparticles and LLL promote healing process

The re-epithelialization and closure of wounds were
observed and measured regularly for 21 days in order
to evaluate the progress of healing rate of all groups
until the wounds were closed completely. The healing
rate were calculated using the equation mentioned
previously [36] (Fig. 1).

Wound closure was significantly improved within the
injured mice treated with silver, LLL or both compared
with the untreated group (normal healing), in untreated
mice the wound closure was more severely affected than
in treated mice since the wound closure percentage
reached 12.74% at day 4 and increased to 28.5% at day 7
till 90.41% at day 21 after injury. In mice treated with LLL,
the wound closure percentage reached 18.4% at day 4
afterinjury and increased to 40.4% at day 7 reached 94.4%
at day21 after injury, group treated with silver only is more
better as it reached 20.85 at day 4 increased to 45.6% at
day?7 and finally 98.8 at the end of experiment (day 21).
The combined group gave the better healing percentage
value as it reached 25.8% at day 4 increased to 55.2% at
day7 then only at day18 completely healed 100%.

Next, statistical analysis by LSD indicated that the
treatment with either silver nanoparticles or LLL induced
a significant increase (p < 0.01; LSD) in wound closure
percent at days 7 and 14 while both treatments together
induced a significant increase (p < 0.01; LSD) at days 4,
7 and 18 after injury. Two way ANOVA revealed that
the effect between groups was significant (p < 0.001)
on wound closure percent throughout the experiment;
comparison of the means in different groups at different
times with Two way ANOVA Duncan Multiple Range Test
(DMRT) showed at Table 1.

CpepHee * cTaHgapTHasA olwmnbKa (SE) Ha ocHOBe aHa-
nun3a ANOVA; KOnrMyecTBO XUBOTHbIX B KaXKAOW rpynne —
7; cpegHve 3HaYeHVA B OQHOW 1 TOW »Ke CTPOKE, NCMOJb-
3yloLLMe OAVH U TOT Xe HaACTPOYHbIN CUMBOA (CMMBOJbI),
CyLlecTBEHHO He oTnmyarTca (p < 0,05) no gaHHbIM
Duncan Multiple Range Test (DMRT).

120

100

4 7 11 15 18 21

«=¢=\\Vound only (normal healing) Wound + Laser «=g==\Nound + Silver ==@== Wound + Laser+Silver

Puc. 1. [luHaMMKa yMeHbLUeHUs nioLwaamn paHbl (% OT UCXO4HOIO)
BO BCEX OMbITHbIX FPynnax B TeyeHne 21 AHA nocne HaHeceHus
paHbl.

Fig. 1. The rate of wound contraction (% of initial wound area) in all
experimental groups for 21 days post wounding.

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.13, N2 1/2024

19



V9]
-
O
}_
(2’4
<
<
Z4
O,
&
O

Soltan H.H., Afifi A., Mahmoud A., Refaat M., Al Balah O.F.

Effects of silver nanoparticle and low-level laser on the imnmune response and healing of albino mice skin wounds

Mean =+ standard error (SE) based on ANOVA analysis;
number of animals in each group is seven; the means
in the same row which share the same superscript
symbol(s) are not significantly different (p < 0.05)
according to Duncan Multiple Range Test (DMRT).
More over, we compared the appearance of healed
wounds by digital photographs. We found that woundsin
the Silver and LLL group showed the most resemblance
to normal skin, with less hypertrophic scarring and
nearly normal hair growth on the wound surface. The
worst cosmetic appearance was observed in the normal
healing group (Fig. 2). Healed wounds from the treated
groups resembled looks as normal skin, with a thin
epidermis and normal hair follicles. In contrast, untreated
group showed thickened epidermis and no evidence of
hair growth.

Histopathology results

Day2

A surgical wound examination was performed in all
experimental groups. Wound healing was very similar
in all groups at day 2 after induction. The wound clefts
were filled with necrotic tissue, abundant inflammatory
cells, mainly neutrophils, edema, and hemorrhage. The
wound surface was covered by a serocellular crust. The
wound injury score was examined in all groups. No
significant difference was found between the different
groups with respect to any of the evaluated criteria;
re-epithelialization, granulation tissue, inflammation,
and angiogenesis (Fig. 3).

Ta6nuua 1

Day 21
Variation in wound healing process was found in

various test groups after 21 days. The W Day 21 group
showed severe histopathological changes compared to
other treated groups. In most individuals, persistence
of the necrotic scab without epidermal remodeling
was observed, accompanied by transmigration of large
numbers of neutrophils. In the wound space, a poor
organization of the filler granulation tissue was found,
mixed with a strong infiltration of inflammatory cells and
a poor angiogenesis process.

In group L Day 21, signs of re-epithelialization were
found at the edge of the wound, which was characterized
by hyperplasia of stratified squamous epithelial cells and
partially extended to the wound surface. In the newly
formed granulation tissue, less inflammation was found
with better angiogenesis process compared to W Day 21.

Perfect wound healing was found in the Silver Day
21 and L + Silver Day 21 groups. Complete epidermal
coverage was observed in most of the sections examined;
some individuals in the L + Silver Day 21 group showed
re-epithelialization under the persistent serocellular
crust. Organized fibro-vascular tissue occupied the
wound clefts of the latter two groups, which were rich
in collagen bundles and numerous newly formed blood
capillaries.

The wound injury score showed a significant decrease
in all parameters in the W Day 21 group compared to
other experimental groups. L + Silver Day 21 group gave
the highest significance observed in all the evaluation

AHanNM3 CKOPOCTU 3aXKUBJIEHUS 06PA6OTaHHbIX U HEOOPaGOoTaHHbIX paH

Table 1
Treated and non-treated wounds healing rate analysis

Fpynnbi

Bpems HaGnoaeHus, cyT

Ce v e e e [ a]

PaHa

Wounded 12.74°

28.55%

PaHa + HN3KOMHTEHCUBHbIN
nase
Wounded + Low Level laser

18.14™ 40.42

PaHa + cepebpo

|
Wounded +Silver 45.60

20.85™

PaHa + HN3KOWHTEHCUBHbIN
nasep + cepebpo
Wounded + Low Level laser
+Silver

25.87" 55.12'

45.95' 60.279 75.42¢ 90.14°
59.85" 76.85° 89¢ 94.42%®
68.1429 83.65¢ 93.48° 98.85%°
79.094¢ 93.17¢ 100.00% 100.00°

CpepHee + cTaHAapTHaA owwmbKa (SE) Ha ocHose aHanm3a ANOVA; KoNMYeCTBO XKUBOTHbIX B KaXA0W rpyrnne — 7; CpefHMe 3HaYeHUA B OfHON 1 TON
e CTPOKe, UCMOSb3YIoLLME OAUH U TOT XKe HAACTPOUHbI CUMBO (CMBOJIbI), CYLLLECTBEHHO He oTnmnyatoTcs (p < 0,05) no gaHHbIM Duncan Multiple

Range Test (DMRT).

Mean + standard error (SE) based on ANOVA analysis; number of animals in each group is seven; the means in the same row which share the same
superscript symbol(s) are not significantly different (p < 0.05) according to Duncan Multiple Range Test (DMRT).)
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Wounded only Wounded+Laser Wounded+SiIver Wounded+Laser+Silver
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Puc. 2. Ludposblie poTorpadpumn nccevyeHHbIX paH BCex IKCNepMMeHTabHbIX rpynn
Fig. 2. Digital photographs of excision wounds of all experimental groups
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Puc. 3. Mukpodotorpadum y4acTKOB paHbl Ha 2-e CyT nocsne onepauuu (BO BCEX OMNbITHbIX Fpynnax oTMe4Yyanocb UHTEHCMBHOE OCTpoe
BOCnaneHue, 3anoJiHaloLee paHeBylo LWefb 3KCCYAaTOM U HEKPOTUYECKUMU KopoydKamu; (Cr) kopouka, (Ed) otek u (l) BocnaneHue).
[padurku noKkasbiBalOT rMCTONATONOrMYECKME NapaMeTpbl OLLEHKU 3aXKMBNIEHUS paHbl Yepe3 48 u.

Fig. 3. Photomicrograph of wounded areas at day 2 post-surgery (all experimental groups displayed intense acute inflammation filling the
wound gap with exudates and necrotic crusts covering; (Cr) crust, (Ed) edema, and (I) inflammation. Charts showing histopathological
parameters of wound healing evaluation at 48 hours.
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parameters high level of e-epithelialization, granulation
tissue and angiogenesis with less inflammation score
(Fig. 4).

W Day 21 and L Day 21 groups exhibit inappropriate
wound healing without epidermal covering. Silver Day
21 and L + Silver Day 21 groups showing compete
epidermal growth and reduce the inflammation of the
filling fibrovascular tissue.

Inflammatory Cytokines Assay

The data were entered, coded and analysed using the
Statistical Package for the Social Science (IBM-SPSS,v.26).
The experimental data were expressed as the mean +
standard error of the mean (SEM) using the ANOVA test,
followed by a post-comparison test to determine which
group had the best effect.

Serum TNF a

Tumor necrosis factor alpha (TNFa) levels increased
significantly more in the Wounded group compared
to the normal group (p <0.0001), TNFa levels in the
laser group and silver group had significantly lower
concentrations than the injured group (positive control)

at day 2 (p <0.0002), while the combined group (L+
Silver) had the lowest significant concentration at day
2. Over time, the TNFa level decreased in all groups,
reaching the trough level on day 21, and the combined
group also had the highest significance compared to the
injured group(untreated); The downregulation of the
cytokine level during the experiment period showed at
(Table 2).

Serum IL6

Table 3 displays the downregulation of interleukin
6 (IL6) level of during the inflammation stage and
remodeling stage; levels increased significantly more
in the Wounded group compared to the normal group
(p <0.0001), while IL6 levels in the laser group and silver
group had significantly lower concentrations than the
injured group (positive control) at day 2, while the
combined group (L + Silver) had the lowest significant
concentration at the same time (inflammation stage).
Over time, the IL6 level decreased in all groups, Moreover
the combined group also had the highest significance
compared to the untreated group.

W Day2
W21days

W + L Day2
L21days
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Puc. 3. MukpodoTorpadus ysacTKoB paHbl Ha 21-e cyT nocne onepauuu. (E) AnugepmanbHblii cnoi, (G) rpaHynsiuMoOHHas TKaHb, (1) Boc-
nanexue, (N) Hekpo3. [padrKu NoKasbiBalOT NapaMeTpbl OLEHKW 3aXKUB/IEHUS paHbl Ha 21-e CcyT.

Fig. 4. Photomicrograph of wounded areas of different group at Day21 post-surgery. (E) Epidermal layer, (G) granulation tissue,
(I) inflammation, (N) necrosis. Charts showing parameters of wound healing evaluation at day 21.
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SerumIL1 3
Table 4 indicates that interleukin 13 (IL1B) levels

increased significantly more in the Wounded group
compared to the normal group (p <0.001), while ILT
levelsinthelasergroup andsilver group had significantly
lower concentrations than the injured group (positive
control at day 2, while the combined group (L+ Silver)
had the lowest significant concentration at day 2. Over
time, the IL1 B level decreased in all groups, reaching
the trough level on day 21, and the combined group
also had the highest significance compared to the
injured group.

Ta6nmua 2

YposHu TNFo (Nr/m) B CbIBOPOTKE KPOBU
Table 2

Serum levels of TNFo (pg/ml)

lpynna 6e3
BO3ENCTBUSA
Normal

293.9+1242 293.9+1242

PaHa

Wounded 713.4 £14.39%%**

486.9 £15.27

PaHa +
HU3KOUHTEHCMBHDbIN
nasep
Wounded + Low
Level laser

581.2 £31.84*** 420.9+£12.01

522.9+
26.62+++

PaHa + cepebpo
Wounded + Silver 389.1£23.44 ns
PaHa +
HU3KOVHTEHCMBHbI
nasep + cepebpo
Wounded + Low
Level laser + Silver

413.4+17.34 ** 300.6 £21.7 ns

p value <0.0001 ##i#t# <0.0001 ++++

F 25.85 19.13

Discussion

The natural process of wound healing entails a series
of complicated cellular and biomolecular processes that
restore damaged wound tissue into its original state
when injury occurred [29]. During an injury, a blood clot
isformed due to the damage in capillary and followed by
the early phase of the inflammation, immune response
to injury/wound or infection causes inflammation [31],
infections related to various wounds, elevate medical
expenditures and put a strain on health-care systems
due to prolonged hospital admissions, treatment
failures, infection persistence, and delayed wound

Ta6nauua 3

YpoBHU IL6 (nr/mn) B CbIBOPOTKE KPOBU
Table 3

Serum levels of IL6 (pg/ml)

lpynna 6e3
BO34eNCTBUA
Normal

51.09+ 2.296 51.09+ 2.296

PaHa

Wounded 303.1 +£18.32 ****

91.81 +4.571 ns

PaHa +
HU3KOUHTEHCUBHDbIN
nasep
Wounded + Low
Level laser

203.1£18.32***  71.22+3.267 ns

PaHa + cepebpo

Wounded + Silver 160.8+11.98*

66.27 +2.482 ns

PaHa +
HU3KOUHTEHCUBHbIN
nasep + cepebpo
Wounded + Low
Level laser + Silver

1283+ 16.34* 56.7+2.134 ns

p value <0.0001 #### 0.001 +++

F 19.58 35.85

CpefiHee + cTaHfjapTHaA olM6Ka.

#i###: [locToBepHasa pasHMUa Mexay BCemu rpynnamu Ha 2-e cyT
p <0,0001.

++++: [locToBepHasa pasHuLa mMexay BceMu rpynnamu Ha 21-e cyT
p <0,0001.

**x%. [locTOBepHas pasHuMua no cpaBHeHuto ¢ rpynnon N npwu
p <0,0001.

**¥: locToBepHas pasHuua no cpasHeHumto c rpynnoii N npm p < 0,0002.
+++: JlocToBepHasa pasHuua Mo cpaBHeHuo ¢ rpynnon N npwu
p < 0,0005.

**: locToBepHas pa3HuLa No cpaBHeHuto ¢ rpynnoit N npu p < 0,0027.
ns: HegoctoBepHas pa3sHuLa no cpaBHeHuto ¢ rpynnon N.

Means + standard error.

####: Significant difference between all groups at day 2 p < 0.0001.
++++: Significant difference between all groups at day 21 p < 0.0001.
****: Significant difference in comparison with N group at p < 0.0001.

***. Significant difference in comparison with N group at p < 0.0002.
+++: Significant difference in comparison with N group at p < 0.0005.
**: Significant difference in comparison with N group at p < 0.0027.
ns: Non-Significant difference in comparison with N group.
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CpepHee + cTaHAapTHaA olumobKa.

###: [lJocToBepHaa pasHuUa MexAy BCemMu rpynnamm Ha 2-e cyT
p <0,0001.

+++: [locToBepHaA pasHuUa mexgy BCcemMu rpynnamm Ha 21-e cyT
p <0,0001.

**x¥%. [locTOBepHasA pa3HMua Mo cpaBHeHuo ¢ rpynno N npwu
p <0,0001.

**: locToBepHas pasHuua no cpaBHeHuio ¢ rpynnor N npu p < 0,0052.
*: [locToBepHan pa3HuLa no cpasHeHuto ¢ rpynnon N npum p < 0,0256.
ns: HepoctoBepHas pasHuLa No cpaBHeHMto ¢ rpynnon N.

Means =+ standard error.

###: Significant difference between all groups at day 2 p < 0.0001.
+++: Significant difference between all groups at day 21 p < 0.0001.
***¥: Significant difference in comparison with N group at p < 0.0001.
**: Significant difference in comparison with N group at p < 0.0052.
*: Significant difference in comparison with N group at p < 0.0256.
ns: Non-Significant difference in comparison with N group.
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Ta6nuua 4

YpoBHuU IL1[ (Nr/mn) B CbIBOPOTKE KPOBU
Table 4

Serum levels of IL1f3 (pg/ml)

lpynna 6e3
BO3JeNCTBUA
Normal

70.96+ 4.937 70.96+ 4.937

PaHa

Wounded 170£25.29%**

65.77+4.9

PaHa +
HU3KOUHTEHCUBHbIN
nasep
Wounded + Low
Level laser

141.9+21.28 % 62.22+3.2

PaHa + cepebpo

Wounded + Silver 102.5+£22.76

59.91+6.269

PaHa +
HU3KOVHTEHCUBHbI
nasep + cepebpo
Wounded + Low
Level laser + Silver

80.92+20.45 52.34+3.9941

p value 0.04# > 0.05

F 2.936 142

CpepHee + cTaHAapPTHaA oLMbKa.

***: locToBepHas pasHuua no cpasHeHuto ¢ rpynnoii N npu p < 0,001.
*: [locToBepHasa pa3HuLa no cpasHerunto ¢ rpynnow N npu p < 0,012.

#: [locToBepHas pa3HuLa B CpaBHeHWM 6e3 rpynn Ha 2-e cyT npu p < 0,4.
ns: HepoctoBepHas pasHuLa No cpasHeHuto ¢ rpynnon N.

Means + standard error.

**#: Significant difference in comparison with N group at p < 0.001.

**: Significant difference in comparison with N group at p < 0.012.

#: Significant difference in comparison within groups at day 2 at p < 0.04.
ns: Non-Significant difference in comparison with N group.

healing, which often leads to amputation and increased
death [32].

The wound healing process involves multiple cellular
and extracellular pathways through overlapping phases,
namely hemostasis/inflammatory phase, proliferative
phase, and remodelling phase [33]. The goal of the
process is to restore tissue integrity and functions.
Damaged blood vessels constrict during a vascular
inflammatory response, and coagulation is brought
on by thrombocytes congregating in a fibrin network.
The wound then heals as a result of angiogenesis and
re-epithelialization that take place during the proliferative
stage. The remodelling phase involves reorganization,
degradation, resynthesis of the extracellular matrix, and
remodelling of the granulation tissue in order to achieve
the maximum tensile strength [23].

Wound healing is strictly regulated by a number of
cytokines and growth factors circulated at the wound
site [34]. Decreased collagen deposition and growth
factor production in wounds due to elevated levels of

pro-inflammatory cytokines postpone wound healing
[35]. Accelerating healing with minimal scars is the goal
of most wound healing research [36].

Based on the experimental findings of the current
study, the topical treatment application of silver
nanoparticles, LLL alone or in combination gives great
effect prevention of infections, decrease inflammation,
complete healing and minimal scarring, moreover
comparison of the rate of wound contraction among
normal healing group (control) and other treated groups
specially combined one, histological evaluation and
other analysis which selected to monitor the progress
showed a drastic difference in the healing pattern. The
drastic decrease in wound contraction in control animals
clearly indicated the need of therapeutic aid which could
speed up the wound-healing process. Hence, in the
current report, we aspired to understand the concept
behind impaired wound healing in albino mice, and to
come up with a therapeutic plan to accelerate healing in
these persistent wounds using LLL and silver.

In the present study wound healing observed by
morphological examination and photographed, wound
closure in all wounded groups was measured every three
days after injury till day 21, healing rate calculated [27]
and give evidence that treated mice with AgNPs and/ or
LLL as compared to the normal healing mice enhanced
wound healing to reach 100% and 93%, respectively.
Similar to our observation, Amini and his colleagues
(2023) [37] have found that Ag-hydrogel nanocomposite
groups consistently closed faster than control groups,
and the original wound area in groups treated with
Ag was significantly smaller at weeks 1, 2, and 3 post-
wounding, and they confirming that Ag nanocomposite
treatments accelerate the wound healing process.

AgNPs accelerate wound contraction and aid in the
healing process by promoting fibroblast migration and
stimulating fibroblast differentiation into myoblasts,
as demonstrated by Tyavambiza et al. (2021) [38]. Also,
due to the anti-inflammatory properties of AgNPs,
the topical application of AgNPs in the wound area
reduces the release of cytokines and lymphocytes, and
reduces mast cell infiltration, which then promotes
wound healing with minimal scarring [39]. Similarly, in
other researches, AgNPs accelerated the rate of wound
healing by activating the proliferation and migration of
keratinocytes. Moreover, they aided in the differentiation
of fibroblasts into myofibroblasts, which accordingly
promoted wound contraction and speeded up the
healing of severe wounds [38,40].

In terms of healing, the elucidation of pro-
inflammatory and anti-inflammatory pathways is
important for the development of strategies to defend
regenerative tissue from damage caused by imbalances
in cytokines, oxidants, antioxidants within the wound.
Information about specific subsets of inflammatory
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cell lineages and the cytokine network orchestrating
inflammation associated with tissue repair has increased
[40]- According to our data the treatment of wounded
mice with silver and/or LLL produced a significant
decrease of the elevate TNF-a, IL6 and IL1B levels as
compared to the corresponding wounded controls,
untreated group gave the highest significance and the
highest level of the cytokine as compared to the normal
levels- which illustrate the severe inflammation in the
normal healing - after that cytokine level decrease to
be near normal values, better values seen at the group
treated with silver and LLL together.

Similar observations were obtained by Frankova and
his colleagues (2016) [41], who made an in vitro study by
topical application of AgNPs in mice with burn wounds
which results in decreasing counts of neutrophils and low
levels of IL6, accompanied by an increase in the levels of
IL10, TGF- B, vascular endothelial growth factor (VEGF),
and interferon (IFN)- y. They also have reported that
AgNPs decreased the release of some pro-inflammatory
cytokines and growth factors from normal human
epidermal keratinocytes (NHEKs) and normal human
dermal fibroblasts after 24 h at all the studied AgNPs
concentrations (0.25, 2.5, and 25 pg/mL).

AT the present investigation the expression of TNF-
a, IL6 and IL18B in the laser group was seen in day 2 and
decreased gradually till day 21.This may be due to the
role of LLL on the surface epithelium cells (keratinocytes)
to produce the pro-inflammatory cytokines which is
needed in the acute inflammation during wound healing
and also in a faster closure of the wound surface [42], after
that the levels decreased gradually may occurred due to
LLL anti-inflammatory effects which directly related to
reduction of pro-inflammatory cytokines, as well as the
amount of chemical mediators. The results indicate that
LLL induces an inflammatory reaction that may modulate
transcription factors linked to mRNA expression pro-
inflammatory cytokines. These data are corroborated
by previous studies which suggested that laser therapy

can reduce the production of inflammatory mediators
and events that contribute to balance the inflammation
process [43].

The reason for the effective acceleration of wound
healing using LLL was that the absorption of laser
with specific wavelength by target tissue may result in
the enhancement of fibroblast. proliferation and the
promotion of collagen metabolism and granulation tissue
formation also improvement of mechanical parameters
and histopathological changes [42] which supported
by present data. The major studies have suggested that
either elements in the mitochondrial cytochrome system
or endogenous porphyrins in the cells are the energy-
absorbing chromophores in LLL [43,44]. It is important
here to mention that photoenergy of 650nm wavelength
at the given parameters possibly induced the fibroblasts
to secrete the growth factors that probably acted in an
autocrine manner to increase their rate of mitosis and or
reduce cell death [44]. The response of low energy laser
on cells may be dose dependent as well as wavelength
dependent [44]. Therefore, correct energy density with
an appropriate wavelength which can be easily and safely
absorbed by the targeted tissues is strongly suggested.

Conclusion

Our results mandate the conclusion that the topical
application of silver nanoparticles in combination with
LLL following wounding had salutary effect on wound-
healing progression, possibly through the decreasing
of the inflammatory cytokines, activation of wound
fibroblasts and elevation of collagen synthesis which
accelerates wound healing rate. Testing the same optimal
dose with the same power, center wavelength, laser spot
size and duration, but with different doses of silver for
its tissue regenerative potential is highly recommended.
Although these results are very promising, more
experimental studies for better understanding of silver
and laser-assisted enhanced tissue regeneration are
recommended.
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Abstract

Photodynamic therapy is an effective method for treating superficial forms of malignant neoplasms, characterized by a minimal risk of damage to
normal tissues. In this study, we presented our experience of treating cancer of the oral mucosa using photodynamic therapy, and analyzed the
immediate and long-term results of treatment. 38 patients with squamous cell carcinoma of oral cavity mucosa, with a depth of invasion no more
than 7 mm, were included in the study. All patients underwent photodynamic therapy with chlorine e6 based photosensitizer. Photosensitizers
were administered intravenously 3 hours before irradiation, at a dosage of 1 mg/kg of the patient’s weight. Photodynamic therapy was performed
with the following parameters: P - 1.0 W, Ps — 0.31 W/cm?, E — 300 J/cm? The area of one irradiation field ranged 1.0-2.0 cm?. Treatment effect was
evaluated by RECIST 1.1. Overall survival, cancer-specific survival, and disease-free survival were calculated using Kaplan-Meier curves. Evaluation
of adverse events was made by CTCAE 5.0 criteria. At 35 (92.1%) out of 38 cases, complete regression was observed after photodynamic therapy.
Among them in 3 out of 35 patients relapse was diagnosed in 11.5 to 43.2 months. The total number of patients who didn’t respond to treatment
was 6 (15.8%). Follow-up period was 4.2-87.3 months. (mean 42.9). 34 (89.5%) out of 38 patients are alive, 1 (2.6%) died from progression, and three
died from other causes. The 5-year overall survival rate was 82.1%, cancer-specific survival rate was 97.0%, and disease-free survival rate was 81.1%.
Among the factors significantly (p < 0.05) influencing relapse-free survival: depth of invasion < 5 mm (p - 0.013) and the presence of leukoplakia (p
-0.007). When assessing cancer-specific survival, factors worsening the prognosis were: age >70 years (p — 0.034) and the presence of leukoplakia
(p - 0.007). Photodynamic therapy is an alternative treatment method of oral cancer superficial lesions, in case of proper assessment of primary
lesion and in case of possibility of full irradiation of the tumor. Moreover, after using photodynamic therapy, the underlying connective-muscular
structures are preserved, which promotes rapid healing with minimal scarring, the functions of the affected organ remain intact, and cosmetic
defects do not form.

Key words: photodynamic therapy, squamous cell carcinoma of the oral cavity, leukoplakia, prognosis factors for oral cancer, survival rate for oral
cancer.
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MHWMOW um. N.A. Tepuera — dpunman PIEY «HMULL paanonormms Munsapasa Poccuy,
Mocksa, Poccus

SOBHUHCKUIM MHCTUTYT aTOMHOM sHepreTvkn — dunvan PTAQY sbicwero obpa3osaHms
HAIY «<MUNDW», OBHuHck, Poccus

ADIAQY BO «Poceurickuit yrmsepcuteT apyx6bsl Hapopos», Mockea, Poccus

SPIBY «<HMUML paguonorun> Munsgpasa Poccuu, Oburck, Poccus

QoToarHammuyeckas Tepanus ABNAETCA 3GPEKTUBHbIM METOLOM JIeUYEHUs MOBEPXHOCTHLIX GOPM 3/10KaUeCTBEHHbIX HOBOOOPA30BaHMIA,
XapaKTepu13yOLMMCA MAHUMANbHBbIM PUCKOM MOBPEXAEeHUA HOPMasibHbIX TKaHel. B JlaHHOM nccnefoBaHyv Mbl MPeCTaBUAN OMNbIT leUeHUs
paka cim3mncTon 060104KM NOMOCTY PTa NPY NoMoLLM GOTOANHAMUYECKO Tepanui, MPOaHaANM3MPOBaIN HEMOCPEACTBEHHbIE U OTAANIEHHbIE
pe3synbTaTbl neyeHus. B rpynny 6biny BKIoUeHbl 38 NaLMEHTOB C MIIOCKOKIETOYHBIM PakoM CIIM3UCTON 060IOUYKM MONOCTY pTa C My6uHoM
MHBa3uUn He 6onee 7 Mm. Bcem naumeHTam BbinoniHeHa oToanHammnyeckas Tepanus ¢ oToceHCbMNM3aTopom Ha OCHOBE XJTIopuHa e6. PoTo-
ceHcmbunmsaTop BBOAWIV BHYTPUBEHHO 3a 3 Y o 06nyyeHus, B Ao3npoBKe 1 Mr/Kr Beca nauyueHTa. Mapametpbl 061yyYeHWA: MAOTHOCTb
MOLLHOCTY Ha BbIXoAe BoslokHa — 1,0 BT, nioTHocTb mowHoctu — 0,31 BT/cv?, cBeToBas go3a — 300 [Ix/cm?. Mnowaab ofgHOro nons obnyue-
Hus cocTaBnsana 1,0 — 2,0 cv? 3ddeKT oT neyeHns oueHnsanu no cucteme RECIST 1.1. O6Lwas BbIXKMBAeMOCTb, KaHLEP-CneunduiHan Bbu-
BAaEMOCTb 1 6e3peLnanBHas BbIXXMBAEMOCTb Obl onpegeneHbl Npy nomoLm Kprebix KannaH-Manepa. OueHKa HeXkenaTesibHbIX ABEHNUN
npowusBefeHa no Kputepuam CTCAE 5.0. Y 35 (92,1%) n3 38 naumeHTOB MosyyeHa MosiHaA perpeccus onyxoneBoro ovara nocne OAT, n3
HUX peunavB 3aboneBaHyA BbisiBeH y 3 13 35 naumeHToB B cpoku ot 11,5 go 43,2 mec. ObLlee KONMYECTBO NaLMEHTOB, HE OTBETUBLUMX Ha
neyeHne, coctaBmno 6 (15,8%) yenosek. O6WMIA Neproa HabnloaeHNA NauneHToB cocTaBun 4,2-87,3 mec (B cpeHem 42,9 mec). 34 (89,5%) 13
38 naumeHToB XuBbI, 1 (2,6%) ymep OT MporpeccrpoBaHyis 3abosieBaHUsA, TPOe Normbnv No ApyrumM NpuyrHaMm. 5-NeTHU nokKasaTenb obLueit
BbIXKVMBAaeMOCTV cocTaBumn 82,1%, KaHuep-cneymduyiHom Bbixknsaemoctu — 97,0%, 6e3pelmanBHasn BblXXMBaemMoCTb cocTaBuna — 81,1%. Cpeau
$aKkTOpOB AOCTOBEPHO (p < 0,05) BAMAIOLLIMX Ha 6e3peLnanBHYI0 BbIXMBAEMOCTb: Fy6MHa MHBa3nu < 5 mm (p 0,013) 1 Hanuure nenKonnakum
(p 0,007). MNMpw oLeHKe KaHLep-cneurndUuIHON BbKMBAEMOCTY haKTopamMu, yXyaLaloLWwmumMm NporHos, ctanu: Bospact >70 neT (p 0,034) n Hanw-
yne nerikonnakum (p 0,007). DoTognHaMmmyeckas Tepanms ABIAETCA afbTePHATVBHbIM METOAOM JIeUEHNS MOBEPXHOCTHbIX OYaroB paka noso-
CTV pTa, NPV afeKBaTHOW OLieHKe PacnpOCTPaHEHHOCTY NEPBUYHOTO oYara 1 BO3MOXXHOCTM MOSIHOLEHHOrO 06nyyeHnsa onyxonu. Mpw aTom
nocne npumeHeHna OAT coxpaHATCA Nofsiexalyme COefUHUTENBHO-MbILEYHbIE CTPYKTYPbI, YTO CMOCOOCTBYET ObICTPOMY 3aXKUBNEHUIO C
MUHVManbHbIM PY6LIOBbIM MPOLIECCOM, OCTAIOTCA COXPAHHBIMU QYHKLMY MOPAKEHHOTO OpraHa 1 He GopPMUPYIOTCA KocMeTndecKme gedeKTbl.

ORIGINAL ARTICLES

KnioueBble cnoBa: GoTognHaMmyecKas Tepanis, MIOCKOKIIETOUHbIN paK MOIOCTM PTa, NENKOMIaKMs, pakTopbl MPOrHO3a paka nosiocTu pTa,
BbIKMBAEMOCTb MPY PaKe MoaocTy pra.

KoHTakTbi: [MaHaceinkuH t0.A., e-mail: deus2@bk.ru
Ana untupoBaHma: lNaHacenkuH O.A., KanuHyc B.H., ®unoHenko E.B., lMonbkuH B.B., CespiokoB O®.E., CmupHoBa M.A. Vcaes [.A.,

MBaHoB C.A., KanpuvH A.[l. PesynbTaTbl neuyeHuns 60MbHbIX pakom MOIOCTY pTa NPy NoMoLLy GOoTogUHAMUYECKON Tepanuu ¢ GoToceHcMbunmnsa-
TOPOM Ha OCHOBE XJiopuHa €6 // Biomedical Photonics. - 2024. - T. 13, N2 1. — C. 28-38. doi: 10.24931/2413-9432-2024-13-1-28-38.

Introduction of the tumor usually requires the administration of

Currently, the main method of treatment of oral
squamous cell cancer (SCC) is surgery [1]. Surgical
treatment allows adequate staging of the cancer process
and identification of prognostically unfavorable factors
requiring adjuvant treatment [2]. However, even in initial
oral cavity SCC (T1-T2), a reconstructive-plastic stage is
performed in 86%. According to a meta-analysis, in the
surgical treatment of oral cavity SCC, small defects are
replaced with local flaps in 45% of cases. If necessary,
in 41%, microsurgical free flap transplantation is used
[3]. Such extensive surgical interventions undoubtedly
increase surgical trauma and rehabilitation time. The
quality of speech, the act of swallowing deteriorates, and
the cosmetic result is not always satisfactory, which in
turn reduces the quality of life [4-6].

An alternative to surgical treatment of oral SCC is
chemoradiation therapy in a stand-alone option [7].
The difficulties of radiation treatment of oral cavity SCC
are associated with the fact that radiation eradication

total doses exceeding the tolerance of the surrounding
normal tissues. This leads to adverse events such as
mucositis, osteomyelitis, dysgeusia, hyposalivation, and
radioinduced oncopathologies [8].

Photodynamic therapy (PDT) can be used as an
independent technique for radical treatment of oral
cavity SCC (T1-T2) with comparable antitumor results
with conventional treatment methods. Many adverse
events associated with surgical and chemoradiotherapy
treatment are minimized or absent [9-13]. In a
retrospective meta-analysis comparing the results of
treatment of oral cavity SCC with surgery and PDT, the
oncologic results were comparable, but in the PDT group
there was a significant improvement in the quality of
life [11]. The use of PDT is especially relevant in severe,
somatically-challenged patients for whom other
treatment methods are contraindicated. It is possible to
achieve complete resorption of the primary focus and
treatment of combined pathology of the oral mucosa -
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leukoplakia [14]. The use of PDT does not limit the further
use of traditional methods, such as surgical treatment,
chemoradiation therapy or immunotherapy [15].

Photosensitizers (PS) based on the active substance
chlorine6 arelicensed and actively usedin the treatment of
precancerous diseases, oncopathology of skinand mucous
membranes [16, 17]. Chlorin e6 activation is achieved by
local exposure to light radiation with a wavelength of 660-
670 nm. This induces intracellular cytotoxic effects, such as
the formation of free oxygen radicals, the effects of cellular
hypoxia, and systemic immune response. The effective
light penetration depth of PDT is approximately 10 mm
[18]. This limits the use of PDT as a radical treatment for
oral cancer with a depth of invasion (DI) of the primary
focus greater than 5-7 mm [19, 20].

Numerousadvantages of PDT, suchas minimal toxicity of
surrounding healthy tissues due to selective accumulation
of PSin the tumor; absence of limiting doses of PS and light
exposure and, as a consequence, the possibility of multiple
repetition of the procedure; convenience of application in
case of multiple lesions and better cosmetic results due to
preservation of collagen fibers structure, which contributes
to the formation of normotrophic scars; and the possibility
of combination with other methods, make the PDT a
valuable option [21, 22].

In a meta-analysis of 43 clinical trials of PDT for oral
cancer, complete regression was observed in 94.4% and
the 5-year survival rate was 84.2%[11]. Also,a comparison
of surgical treatment and PDT in the initial stages of oral
cancer (T1-T2) showed no significant superiority of either
technique. The PDT group included 126 patients with T1
and 30 patients with T2 oral SCC, while the surgical group
included 58 patients with T1 and 33 patients with T2,
respectively. The complete tumor response to treatment,
atT1 was 86% and 76% for PDT and surgery, respectively.
At T2, it was 63% for PDT and 78% for surgery [9].

In another systematic meta-analysis including 900
patients with head and neck SCC, complete response to
PDT was found in 741 cases (82%). Jiao Lin et al. argue
that PDT is an effective technique for the treatment of
superficial foci of head and neck SCC, but point out the
need for optimization of treatment regimens and further
studies to evaluate the efficacy of PDT [23].

In this clinical study, we present our own results of
PDT use in T1-T2 stages of oral cavity SCC.

Materials and Methods

The prospective study included 38 patients who
came to the A. Tsyb Medical Radiological Research
Centre (MRRC) - the branch of the FSBI“National Medical
Research Radiological Centre” (NMRRC) of the Ministry
of Health of the Russian Federation from May 2016 to
September 2023 for oral cavity SCC. All patients were
diagnosed with primary oral cavity SCC (T1-T2). The main
inclusion criterion was a depth of invasion (DI) of less

with chlorine e6 photosensitizer with long-term follow up

than 7 mm. The DI of the primary focus was determined
by ultrasound, CT and MRI (Fig. 1). Exclusion criteria were:
tumor invasion depth more than 7 mm, presence of
regional or distant metastases, technical impossibility to
include all necessary tissue volume in the irradiation field
due to anatomical features of the affected area.

There were 21 (55.3%) men and 17 (44.7%) women in
the group, aged 37 to 83 (average 61) years at the time
of treatment. Localization of the tumor process: lateral
surface of the tongue - 16 (42.1%), floor of the oral cavity
- 11 (28.9%), lip mucosa - 5 (13.2%), cheek — 3 (7.9%),
alveolar process — 2 (5.3%), retromolar space — 1 (5.3%).
The depth of invasion of the primary focus ranged from
0 (in situ cancer) to 7 mm (mean 3.4 mm), among them
T1 - 28 (73.7%) tumors, of which 5 (13.2%) were cancer
in situ and T2 - 10 (26.3%) cases. The depth of invasion
was <Omm in 5 (13.2%) cases, 1-5 mm in 26 (68.4%) cases
and 5-7 mmin 7 (18.4%) cases. Visible tumor sizes ranged
from 2x3 to 35x15 mm, with the total tumor area ranging
from 0.06 to 5.25 cm?.

Characteristics of the primary focus was the following:
superficial form - 24 (63,2%), ulcerated form — 4 (10,5%)
cases, exophytic focus - 7 (15,8%), endophytic focus - 4
(10,5%) (Fig. 2). In 5 (13.2%) patients cancer developed
on the background of leukoplakia (Fig. 3). General
characteristics of the patients are presented in Table 1.

None of the patients were diagnosed with regional
(cNO) and distant metastasis (cM0) according to clinical
and instrumental examination. Staging was performed
according to the UICC TNM system of 8th edition [24].

This clinical trial was approved by the local ethical
committee of A. Tsyb MRRC (Ethical Committee Meeting
Minutes No. 294 dated 11.07.2018). All patients signed
informed voluntary consent.

Two chlorin e6-based preparations — photolon and
photoran - were used as PSs, and were administered by
intravenous drip at a dose of 1.0 mg/kg 3 h before PDT.

MPHL UM AD. L EPIQS 12/04/2023 131651

TIS0.2 MID.7

+ Pacer 1.05cm
Pacct 0.306 cm

Puc. 1. Y3 oTo6paxkeHune onyxonu a3blka ¢ onpeaesieHem
rny6uHbl UHBa3WW.
Fig. 1. US of tongue cancer with depth of invasion.
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TaGnuua 1 Irradiation was performed in a darkened room using a
KnuHuyeckue XapaKTeEpPUCTUKU NaLlUeHTOB

Table 1 remote laser device “Latus-2" (wavelength 662 nm) with wn
able . . . . oL
Patient’s clinical characteristics flexible quartz light guides (Fig. 4). —
" @
osinyecTBo -
XapakTepucrtuka nalHeNTOB (%] IC—Z
<
Mon: —
Gender: <
My»xckoi 21 (55,3%) Z
Male —
KeHckumin 17 (44,7%) (D
Female o
Bo3spacr: O
Age:
30-59 13 (34,2%)
60-69 17 (44,7%)
70-79 6 (15,8%)
80-89 2 (5,3%)

Jlokanusauua onyxonu:
Tumor localization

A3bIK (6OKOBasA MOBEPXHOCTH) 16 (42,1%)
Tongue (lateral surface)
[lHo nonoctu pTa 11 (28,9%)
Floor of the mouth
0,
EAHMBMCTIa.ﬂ ry6bi 5(13,2%) Puc. 2. Tunbl o4aroB: a — MOBEPXHOCTHbIN; b — A3BEHHbIN;
u_[lé;gus Ips 3(7,9%) C — 3K30QUTHbIN; d — SHAODUTHbIN.
Cheek 1270 Fig. 2. Types of lesions: a — superficial; b — ulcerative;
AnbBeonApHbIN OTPOCTOK 2 (5,3%) ¢ - exophytic; d — endophytic.

Alveolar ridge
PetpomonsapHoe npoctpaHcto 1 (2,6%)
Retromolar region

T Kateropus

T stage
T1 28 (73,7%)
T2 10 (26,3%)

[ny6riHa nHBasnmn

Depth of invasion

<0 (onyxonb He onpepenAeTcaA) 5(13,2%)
<0 (tumor not detected)

>Tmm <5mm 26 (68,4%)

>5mm <7mm 7 (18,4%)

Mnowagb onyxonu:

Tumor area:

<lcm? 25 (65,8%) Puc. 3. [1N0CKOKNEeTO4YHbIW paK NoNoCTU pTa Ha GpoHe
1-2cm? 8 (21,1%) NeNKonnakuu.

22 cm? 5(13,2%) Fig. 3. Squamous cell carcinoma of oral cavity with leukoplakia.
Tun onyxonu:

Tumor type:

loBepxHOCTHaA 24 (63,2%)

Superficial

fA3BeHHas 4(10,5%)

Ulcerative

Sk300nTHaA 6 (15,8%)

Exophytic

SHpoduTHanA 4(10,5%)

Endophytic

DoHoBOE 3ab0oneBaHue:

Background disease:

Jlenkonnakusa 6 (15,8%)

Leukoplakia Puc. 4. ICTOYHUK NasepHoro uany4yeHus annapar «Jlatyc-2»
OrtcyTcTByeT 33 (84,2%) (662 HMm).

Absent Fig. 4. Source of laser irradiation «Latus-2» (662 nm).
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The irradiation field included an area 5-10 mm away
from the visible edges of the tumor mass. Surrounding
tissues were covered with dark light-tight material to
protect from damage to healthy tissues during PDT
session (Fig. 5).

PDT parameters: power at the fiber output — 1.0 W,
power density — 0.31 W/cm?, light dose - 300 J/cm?. The
area of one irradiation field was 1.0 - 2.0 cm?. In case
of a large tumor focus size or presence of concomitant
pathology in the form of leukoplakia, irradiation with
two or more fields was performed in order to include all
necessary tissues in the irradiation volume.

PDT was performed under local or general anesthesia
if it was necessary to perform surgical interventions on
the pathways of regional lymph drainage (biopsy of a
sentinel lymph node or prophylactic lymphadenectomy).

Within 36 h after PS injection patients avoided direct
sunlight and were in a darkened room (under the light
not more than 1000 lux). A follow-up after the PDT in the
clinic was from 3 to 7 days.

Adverse events were evaluated according to the
CTCAE 5.0 criteria. Evaluation for adverse events
was performed during the first 5 days after PDT and
subsequently, during follow-up examinations at 4 weeks,
3,6, 12 months and then once a year.

The first clinical and instrumental examination was
performed 4 weeks after PDT with evaluation of the
immediate response. In case of suspicion of residual
tumor presence, biopsy was performed. Thereafter,
patients underwent routine examination at 3, 6, and 12
months, respectively, and once a year thereafter.

The immediate response to treatment was evaluated
as follows: complete response (CR) - complete regression
oftumorfocus, partial response (PR) — presence of residual
tumor tissue in the PDT zone, disease progression (DP)
- tumor enlargement after treatment. The distant result
was evaluated in terms of more than 3 months with
previously achieved CR on treatment. The distant result

Puc. 5. OnyxoneBblii o4yar Ha HUXXHEN ryée U 3alUTHbIA 3KpaH
ONns 340POBbIX TKAHEWN.
Fig. 5. Tumor lesion of lower limb with protective screen.

with chlorine e6 photosensitizer with long-term follow up

included: local recurrence (LR) - recurrence in the area of
primary focus, regional recurrence (RR) - metastases to
lymph nodes of the neck, distant metastases (DM).

Overall survival (0S), cancer-specific survival (CSS),
and recurrence-free survival (RFS) were determined
using Kaplan-Meier curves. Both progression by
primary focus and progression by locoregional and
distant metastases were considered in the analysis of
RFS. Log-rank analysis was also performed to identify
prognostically unfavorable factors. The analysis included:
sex, age, tumor localization, tumor size, tumor type, and
presence of background disease. Statistical significance
was determined at p <0.05.

Results

Effectiveness of PDT

Initial signs of necrosis after PDT were observed
immediately after the procedure, in the form of
demarcation of the treatment zone due to vascular stasis.
On 3-6 days after PDT a necrotic scab was formed, which
was independently rejected on 10-15 days. Further,
independent wound healing was observed within 1
month (Fig. 6).

At the first follow-up examination, 3 months later,
35 (92.1%) of the 38 patients had CR, and three patients
had PR (7.9%). During the follow-up period, 3 of the 35
patients who had previously reported immediate CR
had a recurrence between 11.5 and 43.2 months after
treatment. In one case, the recurrence was both in the
primary site and metastasis to regional lymph nodes,

Puc. 6. KnnHuyeckue u3MeHeHuss B 30He npoBefaeHua OAT:
a — yepe3 10 muH nocne ®AT; b — 5 cyt nocne ®AT; ¢ — 20 cyT
nocne ®AT; d — 3 mec nocne OAT.

Fig. 6. Clinical changings in PDT zone: a — 10 min after PDT; b —
5t day after PDT; ¢ — 20" day after PDT; d — 3 months after PDT.
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in another case the recurrence was only in the primary
site, and in the third patient only regional recurrence was
detected. Thus, the total number of patients who did not
respond to treatment was 6 (15.8%). All 6 patients who did
not respond to treatment underwent surgical treatment
followed by adjuvant chemoradiation therapy. The total
patient follow-up period was 4.2-87.3 months (mean 42.9
months), during this period 34 (89.5%) of 38 patients were
alive, 1 (2.6%) died of disease progression, and three died
of causes unrelated to oral cancer (Table 2).

At 5 years after treatment, the overall survival rate
(OS) was 82.1%, the cancer-specific survival rate (CSS)
was 97.0%, and the disease-free survival rate (DFS) rate
was - 81.1% (Fig. 7).

We used log-rank analysis of such clinical and
demographic factors as sex, age, focus location, T
category, DI of the primary tumor, tumor area and type,

Ta6nmua 2

Pesynbratbl NevyeHus metogom ®AT
Table 2

Results of treatment by PDT

KonuuyectBO
nayuneHToB (%)

KnunHunueckan

XapaKTepucTtmka

HenocpepncTBeHHbIN oTBET
Ha NleyeHue:

Immediate response to treat-
ment:

MonHbii oTBeT (MO)

Full response (FR)
YactnyHbin oteet (YO)
Partial response (PR)
Mporpeccus 3a6oneanua (M3) 0
Disease progression (PD)

35(92,1%)
3(7,9%)

OTpaneHHble pesynbraThl:
Long-term results:

JlokanbHbi peungus (JIP) 2 (5,3%)
Local recurrence (LR)
PernoHapHbIn peuyaus (PP) 2 (5,3%)

Regional recurrence (RR)
OTtpaneHHble meTacTasbl (OM) 0
Distant metastases (DM)

MpuYnHbI CMEPTHOCTY:
Causes of mortality:
CmepTb OT nporpeccmmn
Death by progression
Opyrue npuunHbl
Other reasons

1(2,6%)
3(7,9%)

JleueHne HermonHoro oTBeTa/
peuvavBa:

Treatment of incomplete
response/relapse:

Xvpyprua (nepBUYHBbI oyar)
Surgery (primary site)
Xvpyprua (lwenHaa gnccekumsa)
Surgery (neck dissection)
JlyueBas Tepanusa

Radiation therapy
MannuatrBHas XxuMmoTepanusa
Palliative chemotherapy

5 (13,2%)
2 (5,3%)
6 (15,8%)
1(2,6%)

KpnBbie BbikuBaHma

- Survival curves BuIKHBaEMOCTS!
Survival:
-FEPB
DFS
s
~KCB
g3 C88
:
it 08
g3 os
B
%
04
g
-]
g
g
0p
00 200 w000 000 000 000

Mecaus!

Months

Puc. 7. Kpusble KannaH-Mawnepa no aHanu3y o6Luiein BbhKuBae-
mocTtu (OB), 6e3peunamBHoin BbixkuBaemocTu (BPB) u KaHuep-
cneuuduyHom BbixkusaemocTtu (KCB).

Fig. 7. Kaplan-Mayer curves in overall survival (OS) rate analysis,
disease-free survival rate (DSS) u cancer-specific survival rate
(CSS).

and the presence of leukoplakia to identify reliable
prognostic factors in terms of OS, CSS, and DFS.

Statistical analysis revealed no significant (p < 0.05)
difference in overall survival according to any clinical and
demographic characteristics.

However, a significant difference was detected when
analyzing cancer-specific survival for patients over 70
years of age. The 5-year CSS for patients over 70 years
of age was 87.5%, versus 100% for those under 70 years
of age (p 0.034). Another significant prognostic factor
for worsening CSS was the presence of leukoplakia. The
5-year cancer-specific survival rates were 83.3% in the
presence and 100% in the absence of leukoplakia (p
0.007).

In the analysis of disease recurrence, the presence
of leukoplakia and depth of invasion were significant
factors for prognosis. Thus, the recurrence-free survival
rate was 57.1% for invasion depths greater than 5 mm
versus 90.3% for invasion depths of 0 to 5 mm (p 0.013).
The 5-year recurrence-free survival rate was 100%
in patients with cancer in situ, in whom no invasive
growth was detected according to the examination data
(invasion depth 0 mm).

The second factor of recurrence was the presence
of leukoplakia. In the presence of leukoplakia, 50% of
patients developed recurrence after treatment, in its
absence - the risk of recurrence was 90.6% (p 0.007)
(Fig. 8-11). The summary data on DFS are summarized
in Table 3.

Adverse events

The most common early adverse event was pain in
the PDT area. This adverse event was observed in 35 out
of 38 patients (92,1%) with various degrees of severity.
The majority (25 out of 35) had insignificant soreness
(grade 1), which did not affect daily activity and did
not require drug correction. Seven of 35 patients had
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KaHuep-crenn(pudHan BLIKABAEMOCTE
Cancer-specific survival
10 BospacT
Age
—me70
270

p - 0.034

HaxorneHHoe Bk pkmMBaHie
Accumulated survival

0,00 20,00 40,00 60,00 60,00 100,00

Mecans:
Months

Ee3peLMAMBHAR BEDKWBAEMOCTE
i Disease-free survival Fry6uHa uHBasmm:
Depth of invasion:
15 MM
08 105 Mm
2%
F-2]
§ Eos
25
B
04
28
i
5 p-0.013
02
L
0g0 2000 4000 6000 0,00 10000
Mecane!
Months

Puc. 8. KpuBble KannaH-Maiepa no oueHke Bo3pacTHOro ¢ak-
Topa Ha KaHuep-cneuudUyHyo BbKMBAEMOCTb.

Fig. 8. Kaplan-Mayer curves in evaluation of age factor, affecting
to cancer-specific survival.

Puc. 10. Kpueble KannaHu-Maiiepa no oueHke daktopa rnyGuHbl
MHBa3UM Ha 6e3peLManBHYIO BbI)KUBAEMOCTb.

Fig. 10. Kaplan-Mayer curves in evaluation of depth of invasion,
affecting to disease-free survival rate.

Kanmep-Crenmirnas BEIKIBICMOCTS
Cancer-specific survival

10 Nedkonnakvs
Leukoplakia

—Mga
es

ler
no

HakonneHHoe BbpxMBaHVe
Accumulated survival
5

p - 0.007

000 2000 40,00 60,00 60,00 100,00

Mecansr
Months

[ e —————
Disease-free survival

TNeiikonnakus
Leukoplakia

_Mga
yes

et
no

HaionneHHoe BboKBaH1e
Accumulated Survival

p - 0.007

000 20,00 40,00 60,00 80,00 100,00

Mecauet
Months

Puc. 9. Kpusbie Kannan-Maiiepa no oueHke ¢akrtopa Hanuuve
NleMKonaakum Ha KaHuep-crneunduyHyto BbXXMBaeMoCTb.

Fig. 9. Kaplan-Mayer curves in evaluation of leukoplakia present,
affecting to cancer-specific survival.

moderate pain (grade 2), which was managed with non-
steroidal anti-inflammatory drugs. Severe pain (grade 3)
was noted in 3 cases, requiring the use of narcotic drugs.
This adverse event started on the 1-2 day after PDT and
was resolved on the 6-10 day.

Another undesirable phenomenon was local edema
of oral mucosa in the PDT area, observed in 50% of
cases, in 19 out of 38 patients. Mainly (in 11 out of 19
patients) the edema was insignificant (grade 1), not
affecting the functionality of the organ and did not
require medication correction. In 8 out of 19 cases the
edema was moderate (grade 2). Glucocorticosteroid
administration in the postoperative period was required
to restore the nutritional function and to stop the threat
of respiratory failure through the upper respiratory tract.
This phenomenon started on the 1st day after PDT and
resolved on the 5th-6th day (Table 4).

In the treatment of mucosal cancer of the alveolar
outgrowthin the area of PDT, bare bone site was observed in
the area of PDT, with independent epithelization observed
at 3-6 months after PDT. There were no other adverse
events, including phototoxicity associated with PDT.

Puc. 11. Kpueble KannaH-Maliepa no oueHKu Hanuuume nenkonna-
KWW Ha 6e3peLanBHYI0 BbDKMBAEMOCTb.

Fig. 11. Kaplan-Mayer curves in evaluation of leukoplakia present,
affecting to disease-free survival rate.

Ta6nuua 4

HexxenatenbHble aBneHus nocne GAT
Table 4

Adverse events after PDT

HeXxenartenbHble
ABNEHUA

KonnuyectBo nauneHToB

Bbonwu B o6nactu OAT: 35(92,1%)

Pain in the PDT area:

Grade 1 25 (65,8%)
Grade 2 7 (18,4%)
Grade 3 3(7,9%)
OTeK CIM3MCTON NOMOCTU 19 (50%)
pra:
Swelling of the oral mucosa: 11 (28,9%)
Grade 1 8(21,1%)
Grade 2

Discussion

Our study on the use of PDT with chlorine-type PCs
in T1-T2 stages of oral cancer showed good functional
and aesthetic results of treatment, without mucosal scar
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Ta6nuya 3

AHanus 6e3peunanBHON BbIXKUBAEMOCTH, B 3aBUCUMOCTU OT KIMHUYECKUX XapaKTEPUCTUK
Table 3

Analysis of disease-free survival according to clinical characteristics

1-neTHAA 2-neTHAA P 3HaummocTb
6e3peungnBHasn 6e3peungnBHasn (norapudmunuecknin
BbDKNBaeMoOCTb BbI’)KNBAaeMOCTb TecT)

XapakTepucruka

[Mon:
Gender:
My>kckom
Male
MeHckun
Female

BospacrT:
Age:
<70

>70

Jlokanu3sayms onyxonu:
Tumor localization

A3bIK (bOKOBaA NOBEPXHOCTD)
Tongue (lateral surface)

[l1Ho nonocTtum pTa

Floor of the mouth
Cnusuncras rybol

Mucous lips

LLleka

Cheek

AnbBeONAPHbIN OTPOCTOK
Alveolar ridge
PeTpomonapHoe npocTpaHCTBO
Retromolar space

T kateropus:
T stage:

T1

T2

Iny6viHa nHBasuu:

Depth of invasion:

<0 (onyxonb He onpependAeTca)
<0 (tumor not detected)
1-5mm

5-7 mm

[nowapb onyxonu:
Tumor area:

<2 cm?

>2 cm?

Tun onyxonu:
Tumor type:
[NoBepxHocTHasn
Superficial
fA3BeHHan
Ulcerative
Sk300uTHaA
Exophytic
SHpobUTHas
Endophytic

(®oHoBoe 3aboneBaHue:
Background disease:
Jlenkonnakusa
Leukoplakia
OrcyTcTByeT

Absent
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90,45 (19/21)
84,6 (11/13)

92,6 (25/27)
71,4 (5/7)

84,6 (11/13)
81,8 (9/11)
100 (5/5)
100 (2/2)
100 (2/2)
100 (1/1)

91,7 (22/24)
80 (8/10)

100 (4/4)

91,7 (22/24)
66,7 (4/6)

89,7 (26/29)
80 (4/5)

100 (21/21)
66,7 (4/6)
66,7 (2/3)
75 (3/4)

60 (3/5)
93,1 (27/29)

85,7 (18/21)
81,8 (9/11)

88,9 (24/27)
60,1 (3/5)

84,6 (11/13)
72,7 (8/11)
100 (5/5)
100 (1/1)
100 (2/2)
0(0/1)

91,3 (21/23)
66,7 (6/9)

100 (3/3)

91,3 (21/23)
50 (3/6)

85,2 (23/27)
80 (4/5)

94,7 (18/19)
66,7 (4/6)
66,7 (2/3)
75 (3/4)

40 (2/5)
92,6 (25/27)

0.757

0.274

0.332

0.184

0.038

0.887

0.329

0.007
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formation (Fig. 6C). Presumably this result is due to the
preservation of tissue matrix components (collagen and
elastin), while cellular vascular elements are damaged by
PDT. It is believed that preservation of tissue architecture
provides the best conditions for normal tissue regeneration
and leads to superior healing with less scar formation [25, 26].
Of 38 patients with stage T1-T2 of oral mucosal cancer,
complete response to the treatment was obtained in
35 (92.1%) cases up to 3 months after treatment. The
obtained 5-year overall and cancer-specific survival rates
were 82.1% and 97.0%, respectively, which is a reasonably
good result. Such treatment results are comparable
to those of PDT treatment with other PSs (complete
response rate of 88.2%), surgery (5-year overall survival
rate of 69.7-93.8%), and radiation therapy (5-year overall
survival rate of 51.5-84.0%) [10, 27, 28]. Gluckman [29]
and Biel [30] reported local recurrence in 16-36% after
achieving a complete response in oral cancer for which
PDT was performed. In our study, 2 out of 35 patients who
achieved a complete response to treatment developed
local recurrence. The risk of developing local recurrence
was 5.7% after complete response. The overall 5-year
recurrence-free survival rate was 81.1%.
Wealsoinvestigated various clinical and demographic
characteristics to identify unfavorable prognostic factors
for recurrence. PDT is usually used for relatively small
tumor foci. In our study, we primarily relied on the depth
of tumor invasion rather than the area of the primary
focus. Thus, the study included patients with superficial,
relatively large (up to 5.3 cm?) tumor foci, but with a
shallow depth of invasion (up to 7 mm). At the same time,
the data analysis did not show a statistically significant
difference in the development of recurrence depending
on the area of the primary focus. Thus, one patient in the
distant period developed a relapse (at 43.2 months) in
the area adjacent to the site of previously performed PDT.
Thus, recurrence can develop regardless of the size of
the primary focus. In such cases differential diagnostics
between the primary tumor recurrence and the
development of synchronous oncopathology of the oral
cavity is difficult. Such a fact is explained by the so-called
“malignization field” theory described by Slaughter

with chlorine e6 photosensitizer with long-term follow up

in 1953 [31]. This theory assumes that squamous cell
cancer does not arise from an isolated cell, but rather as
a tendency towards anaplastic processes involving many
cells simultaneously. This theory is partly supported by
the fact that in our study one of the proven prognostic
factors for recurrence was the presence of leukoplakia
as a facultative precancerous lesion characterized by
cellular dysplasia (Table 3) [32]. Nevertheless, PDT may
be the treatment of choice for multifocal, superficial
tumors because it can be repeated as often as necessary
without loss of normal tissue functionality and without
accumulation of toxic effects. In addition, conventional
treatment remains as an option [26, 33, 34].

PDT has a high selectivity of PS accumulation in
tumor tissues, which leads to minimal damage to
healthy tissues. According to most researchers [35-37],
the selectivity of PS accumulation in tumors with respect
to healthy tissue can range from 2:1 to 15:1. In the cell,
PSs mainly accumulate in mitochondria and lysosomes
[38]. Minimal accumulation in the cell nucleus avoids the
development of genetically therapy-resistant cells [39].

Since the 8th revision of TNM [24], it is the depth of
invasion rather than the size of the primary focus that
has become the determining factor in assessing the
incidence and prognosis of oral cancer. In our study, it
was also statistically significantly shown that the risk of
recurrence increased with invasion depth greater than
5 mm. This fact is explained by the physical properties
of PDT laser radiation, the penetrating ability of which is
limited [40].

Conclusion

This study has shown that PDT with PS of chlorine
series is an alternative method of treatment of superficial
foci of oral cavity cancer in case of adequate assessment
of the primary focus prevalence and possibility of
full-fledged tumor irradiation. In this case, after PDT
application, the underlying connective-muscular
structures are preserved, which contributes to rapid
healing with minimal scarring, the functions of the
affected organ remain intact, and no cosmetic defects
are formed.
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PHOTODYNAMIC THERAPY OF LEUKOPLAKIA
OF THE ORAL MUCOSA: EXPERIENCE OF USING
THE METHOD IN 223 PATIENTS

Artsemyeva T.P,, Tzerkovsky D.A.
N.N. Alexandrov National Cancer Center of Belarus, Lesnoy, Republic of Belarus

Abstract

The aim of this study was to analyze the immediate and long-term results of using photodynamic therapy (PDT) in patients with leukoplakia of the
oral mucosa. The retrospective study included 223 patients with morphologically verified leukoplakia of the oral mucosa. Patients received treat-
ment at the hyperthermia and photodynamic therapy department from 2013 to 2023. The average age was 51.9+8.9 years. Clinically, 211 patients
(94.6%) had a flat form of the disease, 12 patients (5.4%) had a verrucous form. The photosensitizer (PS), based on chlorin e6, was administered
intravenously once in doses of 1.7 to 2.5 mg/kg body weight. Irradiation of pathologically changed lesions was carried out 2-2.5 hours after the
end of its infusion, using a semiconductor laser device “UPL PDT’, with a wavelength A=665+5 nm. The laser radiation dose density varied from
25 to 100 J/cm?, the power density from 0.07 to 0.32 W/cm?, the duration of one irradiation field - from 2 to 13.5 minutes, depending on its linear
dimensions. The severity of adverse reactions was assessed on days 1-30 after treatment using the CTCAE 4.03 scale. The immediate results of treat-
ment were assessed up to 3 months after PDT, with morphological confirmation of the response to treatment. No serious adverse reactions were
observed during PS infusion and irradiation. No symptoms of dermal phototoxicity were reported. During control examinations, up to 3 months
after irradiation in patients with flat and verrucous forms, the frequency of complete regressions was 97.1% (n=205) and 58.3% (n=6) cases, partial
regressions - 2,9% (n=7) and 25% (n=3) of cases, respectively. Objective response rates were observed at 100% and 83.3%, respectively. The period
of observation of patients varies from 3 to 120 months. (average 66 months). The frequency of disease relapses during this period was 9%. Patients
with partial regression and identified relapse were treated with repeated PDT sessions. PDT is a well-tolerated and effective treatment method for
patients with leukoplakia of the oral mucosa, which has significant advantages over traditional methods of treating this precancerous pathology.
These include minimal toxicity to the normal tissues surrounding the pathological foci due to the selective accumulation of PS in leukoplakia tis-
sues, a slight risk of serious adverse reactions, the possibility of an outpatient session, the possibility of repeated treatment over a large area of
damage and good cosmetic results).

Key words: photodynamic therapy, photolon, patients, leukoplakia of the oral mucosa, precancer.
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DOTOOMHAMMYECKAS TEPAMUSA JIEMKONNAKMMA
CJITM3NCTOM MOJIOCTA PTA: ONMbIT NPMMEHEHMS
METOOA'Y 223 NMALUMEHTOB

T.M. Aptembeeq, [1.A. Llepkosckui
PecnyBaukaHCKMit HAYYHO-NPAKTUHECKMIA LIEHTP OHKOMOTMMU M MEAMLMHCKOM
pagnonormn um. H.H. Anekcanaposa, ar. JlecHoi, Pecnybnmka benapyck

Pesiome
Llenblo HacToAwwero nccnefoBaHnaA 6bI10 M3yUYeHVe HEMOCPeACTBEHHbIX U OTAANEHHbIX Pe3yNbTaToB NPYMeHeHVA MeTofa GpoToguHammnye-
ckoi Tepanum (OAT) y naymeHTOB C neiiKonnakven cnmnsncton obonouky nonoctu pra (COP). B peTpocneKTriBHOE NcCiefoBaHMe BKITIOUYEHO
223 naumeHTta ¢ mopdoniornyeckn BepudprumnpoBaHHO NenKonnakmnen caMsncTon 060M04KM NonocT pra. MayneHTbl noayyanu neyeHve
Ha 6a3e oTgeneHua runepTepmmm 1 GoTogmHammuyeckor Tepanum B nepuog ¢ 2013 r. no 2023 r. CpeHuUin Bo3pacTt coctasun 51,9+8,9 roga.
KnuHnyeckn y 211 nauymeHToB (94,6%) 6bina nnockas popma 3abonesaHus, y 12 naumeHTos (5,4%) — BeppyKkosHas. B kauecTBe poToceHcu-
6unusartopa (OC) ncnonb3osasncs npenapaT GOTONOH, Ha OCHOBE X/IOPUHA €6, KOTOPbIV BBOAWICA OQHOKPATHO BHYTPUBEHHO B J03ax oT 1,7
[0 2,5 Mr/Kr maccol Tenia. ObnyyeHre naTonormyecky M3MeHeHHbIX O4aroB OCYLLECTBAANOCh Yepes 2-2,5 Y Nocie OKOHYaHWA ero nHdy3un,
C MOMOLLbIO MONYNPOBOAHMKOBOTO NlazepHoro yctpoiictaa <YM OAT» ¢ A=665+5 HM. [TNOTHOCTb [O3bl Ta3€PHOTO U3JTyYeHNA BapbypoBana
oT 25 Ao 100 [/cM?, NNOTHOCTb MOLHOCTY oT 0,07 A0 0,32 BT/cM?, NpOA0IXKITENbHOCTb OAHOrO NoiA 061y4YeHUs — oT 2 A0 13,5 MUH B 3aBU-
CUMOCTV OT €ro JINHeWHbIX pa3mepoB. CTeneHb BbipaXKEHHOCTU HeXenaTenbHbIX peakuuii oleHnBany Ha 1-30 cyT nocsie fieYeHmns Mo LKane
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CTCAE 4.03. HenocpepfcTBeHHble pe3ysbTaTbl JIeYeH/A OLeHMBaNuChb B Cpoku Ao 3 mec nocsie OAT, c mopdonornyecknm noaTBepKaeHeM
oTBeTa Ha neyeHmne. CepbesHblx HexenaTenbHblX peakuynin npu nHey3mmn OC 1 0bnayyeHnn He otMeyeHo. CUMNTOMOB KOXKHOI GOTOTOKCHY-
HOCTV He 6bII0 3aPerncTPYPOBaHO. Mpy KOHTPONbHbBIX 06CIEA0BAHUAX, B CPOKM A0 3 MeC nocsie o6JlyyeHns y NaLMeHTOB C MIOCKON 1 BEp-
pYKO3HOW PpopmamMm YacToTa MOJIHbIX perpeccuii coctasuna 97,1% (n=205) n 58,3% (n=6), yacTuUHbIX perpeccuin — 2,9% (n=7) n 25% (n=3)
COOTBETCTBEHHO. YacToTa 06beKTUBHbIX OTBETOB Habntoganack B 100% 1 83,3% cryyaeB cooTBeTCTBEHHO. [leproa HabnoaeH A 3a nauyeH-
Tamu BapbupyeT oT 3 go 120 mec (B cpeaHem 66 Mec). YacToTa peLnanBoB 3ab0eBaHyA 3a ykasaHHbli nepriof coctasuna 9%. MauuneHTsl ¢
YaCTUYHOW perpeccren 1 BbiIABIEHHbIM PeLMANBOM NonyYany neyeHne B o6beme noBTopHbIX Kypcos OAT. OAT ABnAeTca XOpoLo nepeHo-
CUMBIM 1 39PPEeKTUBHBIM METOLOM JieUeHNA NaLumeHToB ¢ nenkonnakuein COP n obnagaeTt BecomMmbiMy NperMyLLecTBaMU nepes TPaanLMoH-
HbIMW MeTOAaMM NleYeHNa AaHHON NMPeAoNyXoieBoi NaTtonornn. K TakoBbiM MOXHO OTHECTV MUHMMAJTbHYIO TOKCUYHOCTb AA OKPY»KatoLwyx
naTonornyeckne ovyarm HoOpManbHbIX TKaHEW, HE3HAUMTENbHbIA PUCK BO3HUKHOBEHMWA CEPbE3HbIX HeXenaTesbHbIX peakuuii, BO3MOXHOCTb
ambynaTopHOro NPoBefeHNA NeyeHns, BO3MOXKHOCTb MHOFOKPaTHOIO NPOBEAEHNA NeveHnsa Npy 60bLUION MO MOPaXeHNA 1 XopoLune

V9]
-
O
l_
(2’4
<
<
<
O,
&
O

KOCMeTn4yecKkmne pesynbraTbl.

KnioueBble cnoBa: (I)OTO,I]I/IHaMVI"IeCKaﬂ Tepanusa, ¢OTOJ‘IOH, nauuneHTbl, NeiKonnakuma cIN3MCTON NONOCTM PTa, Npeapak.

KoHTtakrbi: LiepkoBckuii [1.A., tzerkovsky@mail.ru.

Ana uyutuposaHua: Aptembesa T.M1., Lepkosckuin [1.A. DoToarHammnyeckasa Tepanua NenKonnakmny CIn3mMcTon NoaoCcTi pTa: OnbiT MPUMeHe-
HVA MeToda y 223 nauneHToB // Biomedical Photonics. - 2024. - T. 13, N2 1. — C. 39-46. doi: 10.24931/2413-9432-2024-13-1-39-46.

Introduction

In recent years, there has been a steady increase in
the incidence of patients with precancerous diseases of
various locations. One of the most common nosological
forms of this pathology is leukoplakia, which is a chronic
lesion of the mucous membranes, characterized by
varying degrees of keratinization of the integumentary
epithelium. Particular attention is paid to leukoplakia
of the oral mucosa. According to S. Zhang et al,
who analyzed 69 studies conducted in 28 countries,
including a total of 1,263,028 potentially healthy people,
leukoplakia in these locations was detected on average
in 1.39% of cases (from 0.12% to 33. 33%) [1]. According
to Y. Huang et al., the incidence of leukoplakia of the oral
mucosa in the world is 4.1% [2].

This disease can be caused by exogenous and
endogenous factors. Exogenous factors include smoking,
eating spicy or sour foods, excessively hot food. alcoholic
beverages; chronic mechanical damage to the oral cavity,
etc. Endogenous factors include gastrointestinal diseases;
hypovitaminosis A; diseases associated with metabolic
disorders; chronic inflammatory processes in the oral cavity;
neurodystrophic changes in mucous membranes [3].

According to A.L. Mashkilleison’s classification, a
distinction is made between flat, verrucous, erosive-
ulcerative, mild leukoplakia and Tappeiner’s leukoplakia
(nicotine stomatitis), which have different malignancy
potentials. According to H.M. Chen et al., the frequency
of malignancy of the flat form varies from 1% to 7%, while
for the verrucous form this figure increases significantly
and averages 18-47% [4]. Based on an analysis of data
on 16,604 patients, J. M. Aguirre-Urizar et al. report that
this indicator, depending on the form of the disease,
decreases from 1.1% to 40.8% [5].

Treatment of the oral mucosa leukoplakia depends
on the clinical form of the disease, area of damage and a

number of other reasons [6]. Thus, for a flat form, mainly
conservative treatment is used, leading to regression of
pathological foci. In this case, the termination of irritating
factors is a prerequisite. Local treatment includes
sanitation of the oral cavity, reasonable and competent
provision of dental care. It is recommended to prescribe
multivitamin complexes of vitamins A and E in the form
of solutions taken orally and application. At the same
time, the incidence of incurable diseases remains high,
which requires the search for new treatment approaches
based on fundamentally different mechanisms of action
on pathological foci of leukoplakia.

One of the most relevant and effective methods of
treating patients with precancerous diseases of the oral
cavity is photodynamic therapy (PDT), which is a method
of local activation of a special drug, a photosensitizer (PS),
selectively accumulated in pathologically altered tissue,
with visible red light. Subsequently, in the presence of
tissue oxygen, photochemical reactions are initiated
with the formation of reactive oxygen species (singlet
oxygen, superoxide anion, etc.), initiating oxidative
stress syndrome in tissues that have accumulated PS,
and their subsequent death through apoptosis, necrosis,
autophagy and paraptosis depending on a number of
factors [9, 10, 11]. In the case of PS accumulation in the
endothelium of blood vessels, subsequent exposure
to laser radiation leads to the formation of blood clots,
vasoconstriction, vascular stasis and, consequently,
the development of ischemic necrosis [12, 13]. An
important role in tissue photodamage is played by the
activation of the immune system, which manifests itself
in the infiltration of pathologically altered tissues by
neutrophils and macrophages in response to irradiation
and is accompanied by the release of cytokines and
inflammatory mediators. Activation of T lymphocytes
leads to the destruction of the remaining pathologically
altered cells [12, 13].
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In recent years, the world has gained experience in
using PDT with application and injection forms of various
PS (5-aminolevulinicacid (5-ALA), chlorins, etc.) for patients
with leukoplakia SOP. The results of both pilot studies
on small samples of patients and systematic reviews of
the literature involving hundreds of patients have been
published. The use of PDT shows good tolerability, fairly
high rates of complete regressions (from 22.58% to 100%)
with a relapse rate (from 0% to 60%) [14, 15, 16].

All of the above makes further research in the field
of application of laser technologies in the treatment of
precancerous diseases of the oral mucosa relevant and
promising.

The purpose of this research was to study the
tolerability and effectiveness of the PDT method with
chlorine PS photolon for patients with leukoplakia of the
oral mucosa.

Materials and Methods

Patients

The retrospective study included 223 patients with a
morphologically verified diagnosis of «Leukoplakia of the
oral mucosa», who received treatment at the department
of hyperthermia and photodynamic therapy (N.N.
Alexandrov National Cancer Center pf Belarus, Republic of
Belarus) from 2013 to 2023. According to clinical forms, the
flat form predominated - 211 (94.6%) patients; verrucous
form - 12 (5.4%) patients. Men made up 151 observations
(67.7%) of the total cohort, women - 72 (32.3%). Age
ranged from 28 to 76 years, average — 51.9+8.9 years.

The criteria for inclusion of patients in the study were:

* age 18 or more;

* clinically and morphologically verified diagnosis of
«leukoplakia»;

¢ informed consent of the patient to undergo
treatment using the PDT method.

Exclusion criteria were:

» morphologically verified cancer of the oral cavity;

s presence of contraindications for intravenous
administration of PS;

* absence of severe concomitant pathology of the
cardiovascular system, liver and kidneys in the stage
of decompensation;

* patient’s refusal to undergo PDT treatment.

The diagnosis was established on the basis of clinical
and instrumental examination and morphological
verification. When verifying the process, cytological or
histological examination of pathologically altered tissues
was used.

Ethical aspects

The study was designed in accordance with the
Declaration of Helsinki (1975, revised 64" WMA General
Assembly, Fortaleza, Brazil, 2013). All patients were
informed about the PDT method used by the PS, possible
adverse reactions, the need to adhere to the light regime

in the first 3-4 days after treatment, the timing of follow-up
visits for recovery, alternative treatment options, and gave
written consent to the use of this treatment method.

Taking into account the fact that the treatment
of patients with leukoplakia of the oral mucosa is not
included in the National standards for the treatment of
this pathology in the Republic of Belarus and in section
4.1 «Indications for use» of the General characteristics
of the drug photolon (Order of the Ministry of Health
of the Republic of Belarus dated November 28, 2022 Ne
1659), inclusion of patients in this study was carried out
on the basis of the Instructions for Use «Photodynamic
(fluorescent) diagnosis and therapy of cancer and
precancerous diseases of the mucous membrane of
the oropharyngeal zone» (Developer institution — N.N.
Alexandrov National Cancer Center of Belarus, authors:
Istomin Yu.P, Chalov V.N,, Yaskevich L.S., Neiman O.l.),
approved by the Ministry of Health of the Republic of
Belarus, dated December 23,2011, N2 112-1111).

Photosensitizer

In the study, chlorin e6 was used as a pharmaceutical
substance produced (RUE «Belmedpreparaty», Republic
of Belarus, registration certificate N° 16/11/886 dated
November 8, 2016), which is a complex of trisodium salt of
chlorine e6 with povidone with a K-value of 17. The drug
diluted in 200 ml of 0.9% sodium chloride solution and
administered intravenously over 30 minutes at a dosage
of 1.7 to 2.5 mg/kg body weight, in a darkened room.

Photodynamic therapy

Before and after every PDT session, the radiation
power at the output of the light guide was controlled
using a production device («Solar», Republic of Belarus).
The PDT session was carried out 2-2.5 hours after the
end of the PS infusion using a semiconductor laser
device «UPL PDT», produced («Lemt BelOMO», Republic
of Belarus) with A = 665+5 nm. To supply radiation, a
fiber-optic light guide with a lens diffuser for external
irradiation was used. The laser radiation dose density
varied from 25 to 100 J/cm?, the laser radiation power
density varied from 0.07 to 0.32 W/cm?, and the duration
of one irradiation field varied from 2 to 13.5 minutes,
depending on its linear dimensions. The number of
irradiation sessions ranged from 1 to 6 depending on the
area of pathological foci.

Depending on the location, area and clinical form of
the disease, two types of radiation were used: in the first
case, if the size of the pathological focus did not exceed
1 c¢m, the distal end of the light guide was brought into
direct contact with the surface of the oral cavity; in the
second case, if the size of the pathological lesion exceeded
1 c¢m, the radiation was applied remotely, perpendicular
to its surface, and, if necessary, the entire surface of
the formation was irradiated with several fields. The
irradiation zone included pathologically altered tissues
and an area of visually normal tissues at a distance of at
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least 3-5 mm from the border of the pathology. Screening
of surrounding intact tissue was not performed [17]. For
pain relief, 15-20 minutes before the start of treatment, all
patients were intramuscularly injected with ketorolac (4
ml); in some cases, local anesthesia was performed with
lidocaine 2% in the form of a spray - 2-5 ml [3, 18].

Tolerability of treatment

The frequency and severity of adverse events when
using PDT were assessed within 1-30 days after treatment
using the CTCAE scale (version 4.03, dated 2010).

Treatment effectiveness

Control examinations were carried out after 7 days; 1,
3 and 6 months after treatment. The immediate results
of treatment of patients with leukoplakia of the oral
mucosa were assessed based on WHO criteria [3]:

» complete regression (CR) - complete disappearance
of all manifestations of the disease, established
both visually and by palpation and confirmed by
negative results of a morphological study within
1-3 months after treatment;

¢ partial regression (PR) - a decrease in the
pathological focus (or formations) by 50% or
more, or when, in the clinically complete absence
of pathology, tumor cells are revealed during a
morphological study;

¢ tumor reduction by less than 50% or no change in
tumor size was regarded as no effect (NE).

Results

No serious adverse reactions (anaphylactic shock,
bronchospasm, drop in blood pressure, etc.) correspon-
ding to CTCAE (grades llI-IV) associated with PS
infusion were recorded. There were also no symptoms
of cutaneous phototoxicity (skin itching, hyperemia,
conjunctivitis). In isolated cases, in the early post-
procedural period (1-5 days after the administration of
PS and the PDT session) a low-grade fever (+37.0-37.7°C)

Ta6nuya 1

was noted, which corresponds to CTCAE (grades I-ll). On
days 1-3 after treatment, the formation of photo-induced
hemorrhagic necrosis with exudation and swelling
of surrounding tissues, followed by the formation of
fibrinous deposits, was noted at the irradiation site. In a
number of observations, patients experienced swelling
of the soft tissues of the face of varying severity, which
disappeared on its own after 1-5 days.

Within 2-8 days after treatment, patients noted
moderate pain in the affected area, which was well
relieved by the administration of non-narcotic analgesics
and sedatives (CTCAE, grade I-I).

During control examinations up to 3 months after
irradiation, the frequency of complete regressions in the
general cohort of patients was 95.4% of observations
(213 patients), partial regressions - 3.4% of observations
(8 patients). An objective response rate of 98.8% was
observed. In 1.2% of observations (2 patients), there was
no effect on the treatment.

The distribution of PDT effects depending on the
clinical form of the disease is presented in Table 1.

The period of observation of patients varies from 3
to 120 months (average 66 months). The frequency of
disease relapses during this period was 9%.

Patients with partial regression and identified relapse
of the disease were treated with repeated PDT sessions.

In connection with the development of necrosis of
irradiated tissues, in order to prevent purulent-septic
complications, it is necessary to constantly treat the
COP with solutions of antiseptic drugs (furacilin, anti-
inflammatory herbal preparations, etc.). Starting from
3-4 days after the PDT session, patients underwent
applications with solcoseryl, Metrogyl Denta gel, and
sea buckthorn oil in order to stimulate regenerative
processes. Final epithelization of wound defects
occurred, on average, 3-6 weeks after photoirradiation.
In the overwhelming majority of observations, good

AddpekTuBHOCTL DT C XNOPUHOM €6 Y 6OJIbHBIX C PA3/IMYHBbIMU KIIMHUYECKUMU HdOpMaMm IENKOMNIAaKUN CIIN3UCTON

0060/104KM NOJIOCTU pTa
Table 1

Efficacy of PDT with chlorin €6 in patients with various clinical forms of leukoplakia of the oral mucosa

KnuHunyeckan
dbopma neiikonnakun

MonHasA perpeccus,
YNCIo NaLeHToB
n %

[nockas 205 97,1 6
Flat
Beppyko3Has 7 58,3 3
Verrucous

YacTtnuHasa
perpeccus, Yucnao
nauneHToB n %

O6DbeKTUBHDbIN
oTBeT¥, uncno
nauymneHToB n %

OTcyTcTBME
addekKTa, uncno
naumneHToB n %

2,9 0 0 211 100

25 2 16,7 10 83,3

*OObEKTUBHDI OTBET BKJIKOYAET NOJIHbIE 1 YaCTUYHbIE perpeccun 3abonesaHmns
*Objective response includes complete and partial regression of the disease
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cosmetic results were achieved: the wound surface was
epithelialized with minimal formation of scar tissue.

The results obtained in the study are illustrated by the
following clinical examples (Fig. 1, 2, 3, 4 and 5).

Discussion

Leukoplakia of the oral mucosa is a precancerous
disease, the treatment of which directly depends on
a number of factors: the clinical form of the disease,
the area and extent of pathologically altered tissues,
the nature of previous treatment. In the treatment of a
flat form, a conservative approach is relevant, namely,
sanitation of the oral cavity, rational and competent
provision of dental care. It is recommended to prescribe
multivitamin complexes of vitamins A and E in the form
of solutions taken orally and application. In the case of
verrucous and erosive-ulcerative forms, surgical tactics
predominate: pathologically altered foci are removed

a b 4 c

Puc. 3. Jlefikonnakus Weku, nnockas ¢opma

a — coctosiHue po OAT;

b — nokanbHbIN cTaTyc Yepes 3 cyT nocne ®AT (3IKCNO3ULMOHHAnA
nosa — 100 [Ix/cm?);

C — NIOKaNbHbIN cTaTyc Yepe3 3 mec nocne GAT (gocTurHyta non-
Has perpeccus)

Fig. 3. Leukoplakia cheeks, flat shape

a — state before PDT;

b - local status 3 days after PDT (exposure dose — 100 J/cm?);

¢ — local status 3 months after PDT (full regression achieved).

Puc. 1. Jleiikonnakus markoro He6a, nnockas ¢opma

a — cocTtoaHue ao OAT;

b — nokanbHbIN cTaTyc Yepes 7 cyt nocne ®AT (3KCNO3ULMOHHAA
nosa - 100 )x/cm?);

C — NoKanbHbIN cTaTtyc Yepe3 3 mec nocne AT (aocTurHyta non-
Has perpeccus).

Fig. 1. Leukoplakia of the soft palate, flat form

a — state before PDT;

b - local status 7 days after PDT (exposure dose — 100 J/cm?);

¢ - local status 3 months after PDT (complete regression
achieved).

a b c

Puc. 4. Jlefikonnakua Markoro He6a, njiockas ¢opma

a — coctosiHue po OAT;

b — nokanbHbIN cTaTyc Yepes 7 cyT nocne ®AT (3IKCNO3ULMOHHAnA
nosa — 100 [Ix/cm?);

C — NNOKanbHbIN cTaTyc Yepe3 3 mec nocne ®AT (AOCTUrHYTa YacTHy-
Hasi perpeccusi; NauMeHT NpoaosIKaeT ieyeHme metogom OAT).
Fig. 4. Leukoplakia of the soft palate, flat form

a — state before PDT;

b - local status 7 days after PDT (exposure dose — 100 J/cm?);

¢ - local status 3 months after PDT (partial regression has been
achieved; the patient continues treatment with PDT).

Puc. 2. Jlefikonnakusa Tena a3blka, BeppyKko3Has ¢opma

a — coctoaHue ao OAT;

b — nokanbHbIN cTaTyc Yepes 7 cyt nocne OAT (3KCNO3ULMOHHAsA
nosa - 100 )k/cm?);

C — JIoKaNbHbI cTaTyc Yepe3 3 mec nocne 3 ceaHcoB AT (aoctur-
HyTa NojiHas perpeccus)

Fig. 2. Leukoplakia of the body of the tongue, verrucous form

a - state before PDT;

b - local status 7 days after PDT (exposure dose — 100 J/cm?);

¢ - local status 3 months after 3 PDT sessions (full regression
achieved).

BIOMEDICAL PHOTONICS T.13, N2 1/2024

Puc. 5. Jleiikonnakus s3blKa, niockasa ¢gopma

a — coctosiHue po OAT;

b — nokanbHbIN cTaTyc Yepes 5 cyt nocne ®AT (3KCNO3ULMOHHAnA
nosa — 100 [Ix/cm?);

C — NIOKaNbHbIN cTaTyc Yepe3 3 mec nocne GAT (gocTurHyta non-
Has perpeccus).

Fig. 5. Leukoplakia of the tongue, flat shape

a — state before PDT;

b - local status 5 days after PDT (exposure dose — 100 J/cm?);

¢ — local status 3 months after PDT (complete regression achieved).
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using laser Nd:YAG or CO, ablation of tissues affected
by leukoplakia. Despite the variety of ways to treat
this disease, the incidence of recurrence of the disease
remains high. For example, in a study by J.M. White et
al. (1998) in a comparative aspect, the long-term results
of the use of Nd:YAG and CO2 in the treatment of 39
patients with oral leukoplakia were studied. According
to the authors, the recurrence rate of the disease with
the use of these therapeutic options was 27% and 24%,
respectively [19]. W. Gushiken de Campos et al. (2022)
presented the results of the use of CO, laser therapy in
37 patients with oral leukoplakia, who had an average
follow-up period of 38.2 months in 35.1% of cases with
a recurrence of the disease [20]. The presumed reasons
for the high percentage of recurrences in patients with
this pathology using conservative approaches, surgical
tactics and laser methods are exclusively mechanical
impact on leukoplakia, multiple nature of the lesion
and possible presence of clinically undetectable foci
of the disease. All of the above requires the search for
new approaches to treatment based on fundamentally
different mechanisms of influence on pathological foci of
leukoplakia of the oral mucosa.

One of these methods is the PDT method, which has
proven to be a well-tolerated and effective option for the
therapeutic treatment of precancerous diseases of the
oral mucosa. The effectiveness of the method directly
depends on the clinical form of the disease, the nature
of the lesion (single or multiple foci), previous treatment,
etc. In our retrospective study based on the analysis of
the treatment results of 223 patients with primary oral
mucosal leukoplakia, the frequency of complete and
partial regressions for flat and verrucose forms was
97.1% and 58.3%, as well as 2.9% and 25%, respectively.
The recurrence rate of the disease for the follow-up
period from 3 to 120 months was 9%. In our opinion,
the different efficacy of PDT in patients with flat and
verrucous forms of leukoplakia is associated with both
the peculiarities of PS accumulation in pathologically
altered tissues (a high concentration of the drug in the
flat form) and, potentially, a more pronounced exophytic
component in the verrucous form, which does not
allow laser radiation to penetrate sufficiently to the
entire depth of the focus leukoplakia. Thus, the depth of
penetration of laser radiation with A=660+5 nm, specific
for chlorin e6, into biological tissues is on average 7 mm.

Inrecentyears, the world has accumulated experience
in the use of PDT with application and injection forms of
various PS (5-ALA, chlorines, etc.) in several thousand
patients with leukoplakia of the oral mucosa. Various
teams of authors from large research centers and clinics
in Europe, Southeast Asia, and the USA have published
both the results of pilot studies on small samples of
patients and systematic literature reviews involving
hundreds of patients. In the publications presented

below, a lower percentage of objective responses to
treatment with PDT was primarily associated with the use
of application forms of PS (5-ALA), the local application
of which to pathological foci did not allow achieving a
higher concentration of PS compared to intravenous
administration, which affected the effectiveness of PDT.
It is also worth mentioning the fact that the distribution
of PS, as a rule, is not homogeneous during application
due to the anatomical features of the structure of the
oral mucosa. This is due to the presence of crypts, folds,
various vascularization, keratinization of the epithelium
or its absence. And, of course, an important aspect is
A=630 nm, which makes it possible to activate 5-ALA,
which has accumulated in pathologically altered tissues.
In this case, active photodynamic exposure is possible to
a depth of 1 to 1.5-2 mm, which significantly reduces the
therapeutic possibilities of PDT with this PS.

In the case of photofrin Il or its analogues (A=629-635
nm), this indicator is, on average, 2-3 mm. These PS are
used for PDT for oral mucosal leukoplakia in injectable
forms. Nevertheless, it is the insignificant depth of
effective photodynamic impact that leads, in some cases,
to anincrease in the frequency of local recurrences of the
disease and partial regressions.

Selected results of the use of PDT in the treatment of
precancerous diseases of the oral mucosa with various PS,
published as part of systematic reviews of the literature,
are presented in Table 2.

As the results of numerous foreign studies show, the
PDT method is an effective option for organ-preserving
treatment of patients with leukoplakia of the oral mucosa,
which is confirmed by a fairly high frequency of objective
responses (according to various data, from 22.58% to
100%) to the treatment[14,15,16,21, 22]. However, despite
the optimistic immediate the frequency of registered
recurrences of the disease remains high (up to 60%), which
requires the search for new and further optimization of
existing treatment regimens for this category of patients
using the most effective PDT parameters. For this purpose,
it is advisable to conduct multicenter randomized clinical
trials on large samples of patients.

Conclusion

It is a well-known fact that the main advantages of
PDT in comparison with traditional methods of treatment
of precancerous diseases of the oral mucosa are minimal
toxicity to normal tissues surrounding pathological foci
due to the selective accumulation of PS in the tissues of
leukoplakia, a low risk of serious adverse reactions, the
possibility of an outpatient session, the possibility of
repeated treatment in case of large area of lesion, good
cosmetic results [23, 24]. These positive aspects of PDT
make it possible not only to ensure the effective use of
the method, but also to significantly improve the quality
of life of the treated patients.
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Ta6nuua 2
3dpdekTuBHOCTD DAT y 60NbHBIX C NpeApaKkoBbiMU 3a601€BaHUAMU CIIM3UCTON 060I04YKU NONOCTU pTa

w
Table 2 LLl
The effectiveness of PDT in patients with precancerous diseases of the oral mucosa d
ABTOpBDI, Yucno KnuHnueckne MapameTpbli YactoTa YacrtoTa =
roa, nccnepno- AnarHosbl oaT Mnp, 4P peunan- o
CcTpaHa, BaHuN, n 03, % BOB, % <
CCbnKa umcno B
nauueHToB
<
Z
O
Vohra F,, 13 Jleikonnakus, 5-AJIK, A\=585-660 HM 27-100 >36 o
2015, SpUTPONNAKNSA, X/TOPUH €6, 0,1-0,15 Bt/cm? 5-50 O
CLUA, 5-147 SpUTPO-NenKonnakums, docKaH, 1-16,5 MUH. 0-25
[14] BEeppyKO3HadA doTodpuH I A=585-660 nm 27-100 >36
Vohra F, 13 runepniasus 5-ALA, 0.1-0.15 W/cm? 5-50
2015, Leukoplakia, chlorine €6, 1-16.5 min. 0-25
USA, erythroplakia, foscan,
[14] 5-147 erythro-leukoplakia, photofrin I
verrucous hyperplasia
Gondivkar 26 Jlenkonnakus, 5-AJIK, A=585-652 HM 22,58-100 -
S.M., 2018, SpUTPONNaKns, XJIOPWH €6, 0,05-0,5 BT/cm? 4-66
NHawna, 2-147 3pUTPO-NenKonnakums, ¢doTocaH, 1-143 MUH. 0-38,7
[15] BEpPpPYKO3Has remato-nopdupmnH,  A=585-652nm  22.58-100 -
Gondivkar 26 Ancnnasus doTodppuH II 0.05-0.5 W/cm? 4-66
S.M., 2018, Leukoplakia, 5-ALA, 1-143 min. 0-38.7
India, erythroplakia, chlorine €6,
[15] 2-147 erythro-leukoplakia, photosan,
verrucous dysplasia hemato-porphirin,
photofrin Il
LiY., 16 Jlerikonnakus, 5-AJ1K, A\=420-660 HM 32,9 0-60
2019, Oncnnasua METUIEHOBBIN 0,1-0,15 Bt/cm? 43,2
Kutan, 352 Leukoplakia, CUHUN, 1-16,5 MuH. -
[16] dysplasia XJIOPVIH €6 A=420-660 nm 329 0-60
LiY., 16 5-ALA, 0.1-0.15 W/cm? 43.2
2019, methylene blue, 1-16.5 min. -
China, chlorine e6
[16] 352

*OC - poToceHcmbunuzatop, OAT - poToanHammnyeckasa Tepanus, MP — nonHaa perpeccus, YP - vactnuHasa perpeccus, O3 - oTcyTCTBUE

addekTa

*PS - photosensitizer, PDT — photodynamic therapy, CR — complete regression, PR - partial regression, NR — no response

As aresult, summarizing our own data, demonstrating
that the method is well tolerated (no serious adverse
reactions of lll-IV degree and minimal risk of developing
stage I-ll reactions according to the CTCAE classification),
a high frequency of objective responses to the treatment
(100% for the flat form and 83.3% for the verrucous

form) and a low risk of disease recurrence (9%), PDT with
chlorin e6 can be recommended as a highly effective
alternative standard methods of treatment of patients
with leukoplakia of the oral mucosa, as well as a way to
prevent the development of malignant neoplasms of
this localization.
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Abstract

Photodynamic therapy (PDT) has shown promise as a modality for the treatment of cervical cancer caused by the human papillomavirus (HPV).
This review provides a comprehensive examination of the role of PDT in overcoming the challenges presented by conventional treatments for
cervical cancer. Beginning with an overview of the relationship between cervical cancer and HPV infection, the review introduces the principles of
PDT, its mechanism of action, and its potential as an innovative treatment strategy. The review highlights preclinical studies in animal models that
demonstrate the efficacy of PDT in targeting HPV-infected cervical cells and provide mechanistic insights into its cytotoxic effects. We reviewed
clinical studies and case reports highlighting the potential of PDT as an alternative or adjunctive treatment option. Challenges and limitations,
including depth of light penetration, photosensitizer specificity, and standardization of protocols, will be discussed in the context of potential side
effects and comparison with conventional treatments. Future directions include ongoing research, combination therapies with immunotherapy
or targeted agents, advances in photosensitizer development, and personalized approaches. The advancement of PDT promises to change the
landscape of HPV-associated cervical cancer treatment by providing a targeted, personalized, and minimally invasive approach.
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OOTOOAMHAMUYECK AA TEPATNA B JIEMEHUA
BMN4-ACCOUMNPOBAHHOIO PAKA LLUEMKN MATKU:
MEXAHU3MbI, MPOBJIEMbI U MEPCIEKTUBbI HA
bYOYLUEE
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Pesiome
DoToanHamunyeckasn Tepanua (OAT) 3apekomeHAoBana ceba Kak MHOroobelawLmin METOA NTeYeHNA paka LIENKN MaTKy, BbI3BaHHOTO BUPY-
com manvnombl Yenoseka (BIMY). B atom 0630pe BcecTopoHHe paccmatpusaetca ponb OAT B npeoponeHnn npobnem, CBA3aHHbIX C Tpa-
AULMOHHBIMU METOAAMU NleYeHUA paka LIenkn MaTkn. HaunHasa ¢ o63opa B3aMMOCBA3N MeXAYy PakoMm ek matku u BMY-nHdekuven, B
0630pe npeacTasneHbl NpuHLUUNbI OAT, MEXaHU3M ee JeNCTBMA 1 ee NOTEHLMaN B KaUecTBe MHHOBALIMOHHOW CTpaTerum neyeHns. B o63ope
OCBelLLeHbl AOKIIMHNYECKMe UCCNeOBaHNA Ha XKUBOTHbIX MOAENAX, KOTOpble AeMOHCTPUPYIOT 3¢pdeKTBHOCTL OMT B OTHOLWEHNMN KNEeTOK
LenKN MaTKK, MHGULMpoBaHHbIX BIMY 1 paloT npeAcTaBieHrie 0 MexaHM3Max ee LUTOTOKCMYEeCKoro AeincTBuaA. Mbl paccMoTpeny KnmHuue-
CKVE NCCIeA0BaHMA 1 OTYETHI O Cyyasx, B KOTOPbIX MoAyepKmBaetca noteHunan OAT Kak anbTepHaTMBHOTO UV AOMOJTHATENILHOTO METOAA
neyeHus. Mpobnembl 1 OrpaHNYEHNA, BKITIOUas FyOrHY MPOHUKHOBEHUA CBETA, CNeLndrnUHOCTb GOTOCEHCMOUNN3aTOPOB U CTaHAAPTU3aLMI0
NpOTOKOJI0B, OyAyT 06CyK/AaTbCA B KOHTEKCTE MOTEeHLMaIbHbIX MOGOUHbIX SPPEKTOB 1 CPaBHEHUA C TPAAULMOHHBIMI MeTofamm NleveHus.
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Bynywue HanpaBneHna BKOYalOT TeKylme ncciefoBaHnA, KOMOMHNPOBaHHYIO Tepanuio C UMMyHOTepanuein Uan TapreTHbiMy npenapa-
TaMu, JOCTVXKEHNA B Pa3paboTke pOTOCEHCUOMIN3ATOPOB 1 MEPCOHANM3MPOBaHHbIe Noaxoapl. Pazsutne OAT obellaeT U3MEHWTL MOAXOA K
JleYeHuio paKa LWenKn MaTKu, accoLmpoBaHHoro ¢ BMY, 3a cuet obecneyeHus LiefieHanpaBieHHOro, NePCOHAIM3UPOBAHHOTO Y MUHMMAbHO

MHBA3UBHOrO NoAXoAa.

KnioueBble cnoBa: pak LWeriku MaTKy, BUPYC NanuniomMbl Yenoseka (BMNY), dotogmHamumueckas tepanus (OAT), KoMOMHMpPOBaHHas Tepanus,
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Ccbinka gna untupoBaHusa: LllaxHasapos H.A., 3uHuenko C.B., Kncnkosa C.J., PussaHoB A.A., Cmaunosa C., lNetyxoB K.A. CanmaraH6e-
ToBa K.XK. DoToanHammyeckas Tepanus B neyeHun BrNY-accoummpoBaHHOro paka ek MaTKI: MeXaHU3Mbl, NpobiemMbl 1 NEPCNEKTVBbI Ha
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Introduction

Cervical cancer remains a major global health problem
and is the fourth most common cancer in women
worldwide [T, 2, 3, 4]. The central role of persistent human
papillomavirus (HPV) in the development of cervical
cancer is now well established [5, 6]. HPV, especially high-
risk genotypes such as HPV-16 and HPV-18, contribute to
the malignant transformation of cervical epithelial cells,
so there is an urgent need for innovative and effective
treatment strategies [7, 8]. Among these strategies,
photodynamic therapy (PDT) is a promising approach [9].

Originally developed at the beginning of the 20th
century, PDT has evolved into a new, minimally invasive
treatment method in various medical disciplines. PDT
involves the introduction of a photosensitizing agent
that accumulates primarily in malignant tissue, followed
by local activation by light of a specific wavelength [10,
11]. This activation leads to reactive oxygen species
(ROS) forming, which causes cytotoxic effects that attack
and destroy malignant cells [12, 13]. The non-invasive
nature of PDT, selective tissue targeting, and potentially
minimal systemic toxicity make it an attractive approach
for diseases such as cancer. Some authors have
questioned the radical nature of PDT in cancer, pointing
to the impossibility of penetrating a beam of light at a
distance (up to 1 cm) with a progressive loss of radiant
power [14, 15]. In contrast, Chizenga E.P. et al. have
asserted the widespread introduction of PDT for non-
invasive and minimally invasive cancers of the cervix and
cervical canal [16].

The purpose of this review is to provide a
comprehensive assessment of the existing preclinical
studies and clinical trials that have studied the use of PDT
for cervical cancer associated with HPV, which may allow
researchers and clinicians to determine its appropriate
role in the treatment of this pathology and its place
in the arsenal of therapeutic effects. By summarizing
the available evidence, this review aims to clarify PDT’s
efficacy, safety profile, and potential benefits compared
to traditional treatments. In addition, the mechanical
aspects underlying the effects of PDT on HPV-infected

cervical cells are considered, shedding light on its
immunomodulatory effects and potential synergies with
new immunotherapy methods.

In conclusion, this review aims to contribute to the
evolving landscape of cervical cancer treatment by
highlighting the untapped potential of PDT. By exploring
the mechanisms, clinical outcomes, challenges,
and future directions, we aim to provide clinicians,
researchers, and policymakers with a comprehensive
understanding of the role of PDT in the fight against HPV-
associated cervical cancer and stimulate further research
to optimize its therapeutic potential.

HPV-Associated cervical cancer:
pathogenesis and current treatment
approaches

The human papillomavirus (HPV) is a diverse group
of DNA viruses, of which many genotypes are known
to infect the genital mucosa [17, 18]. While most HPV
infections are transient and benign, persistent infection
with high-risk HPV genotypes such as HPV-16 and HPV-18
plays a central role in the development and progression
of cervical cancer [19]. These oncogenic strains encode
the viral oncoproteins E6 and E7, which inactivate the
tumor suppressor proteins p53 and pRB, respectively,
disrupting normal cell cycle regulation and promoting
cell transformation [20, 21, 22].

The pathogenesis of HPV-associated cervical cancer
is a multistep process involving the interaction of viral
and host factors. Integration of the virus into the host
genome leads to dysplastic changes in the cells of the
cervical epithelium [23, 24]. Persistent infection promotes
progression from low-grade cervical intraepithelial
neoplasia (CIN) to highly differentiated CIN and finally
to invasive carcinoma. Activation of oncogenic signaling
pathways and evasion ofimmune surveillance contribute
to tumor growth and metastasis [25].

Modern approaches to treatment of cervical cancer

1. Surgery: Surgery remains the cornerstone of
cervical cancer treatment. Depending on the stage
of the tumor, surgical options include hysterectomy,
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radical hysterectomy, and lymphadenectomy. While
surgical removal of the tumor and surrounding tissue
can be curative in the early stages of the disease, it may
not be sufficient in advanced stages with lymph node
involvement or metastasis [26, 27].

2. Radiation therapy: Radiation therapy, often in
combination with chemotherapy, is frequently used for
locally advanced cervical cancer. External beam radiation
and brachytherapy effectively target the tumor site
and attempt to destroy the cancer cells while sparing
nearby healthy tissue. The combination of radiation
and concurrent chemotherapy improves outcomes by
increasing the sensitivity of tumor cells to radiation-
induced damage [27, 28].

3. Chemotherapy: Chemotherapy plays a critical role
in the primary treatment of locally advanced cancer and
in the adjuvant treatment of cervical cancer. Platinum-
based therapies, such as cisplatin, are often used to
increase the efficacy of radiotherapy. In addition,
systemic chemotherapy can be used for metastatic or
recurrent disease [29].

Although these treatment approaches are successful,
they are not without limitations. Surgery is associated
with the risk of postoperative complications, and
radiation therapy can lead to long-term side effects such
as rectovaginal fistula, obliteration of the cervical canal
with a hematometer, and radiation castration [10, 30].
Chemotherapy is not very effective when used once
and is associated with systemic toxicity [31]. In addition,
factors such as tumor heterogeneity, resistance, and
patient characteristics (age, comorbidities, etc.) may limit
the therapeutic efficacy of these approaches.

Against the background of these problems,
investigating innovative treatment strategies such as
PDT becomes an urgent necessity. The selective effect
of PDT, the possibility of reducing side effects, and the
potential synergy with existing treatments are promising
for improving the treatment of HPV-associated cervical
cancer. By overcoming the limitations of existing
treatments and offering new intervention options, PDT
can help improve patient outcomes and quality of life.

Photodynamic Therapy (PDT):
mechanism and principles

PDT is a state-of-the-art therapeutic approach that
uses the power of light and photosensitizers to destroy
malignant cells specifically [12]. The basic principle of
PDT is the unique interaction of three key components:
a photosensitizer, specific wavelengths of light, and
molecular oxygen. When these components come
together, they trigger a cascade of events that culminate
in the selective destruction of tumor cells while sparing
the surrounding healthy tissue [1, 12].

Photosensitizers play a central role in the
efficacy of PDT. These molecules are usually non-

toxic compounds that, when activated by light
of specific wavelengths, transition from a ground
state to an excited state with higher energy [32].
Photosensitizers can be divided into different classes,
such as porphyrins, phthalocyanines, and chlorins,
each with unique spectral properties. The choice
of photosensitizer is critical because it determines
the wavelengths of light that must be used for
optimal activation [33]. The type of photosensitizer
is controversial because laser devices are tied to the
chemical structure, which depends on the absorption
spectrum [12]. In Russia and China, chlorine and
the red diode laser with 662 nm have traditionally
dominated [12]. In Europe, porphyrins are used as
photosensitizers, but it is impossible to evaluate their
efficacy due to methodological differences [13, 14].

Light sources activate photosensitizers that
emit wavelengths corresponding to the selected
photosensitizer’s absorption spectra. As a rule, lasers or
light-emitting diodes (LEDs) are used [1]. The wavelength
and light intensity are carefully selected according to the
optimal absorption properties of the photosensitizer.
This controlled activation initiates the energy transfer
process, causing the photosensitizer to return to its
ground state and simultaneously releasing energy in the
form of reactive oxygen species (ROS) [12].

When the light is activated, the photosensitizers
interact in their excited state with molecular oxygen in
the surrounding tissues [16, 33]. This interaction leads
to ROS, especially singlet oxygen ('0,), highly reactive
and cytotoxic molecules [34]. These ROS trigger
oxidative stress by damaging cellular components
such as lipids, proteins, and DNA. In tumor cells,
impaired antioxidant defense mechanisms make them
more susceptible to ROS-mediated damage, leading
to cell death by apoptosis, necrosis, or autophagy [35,
36, 37, 38].

One of the remarkable features of PDT is its
selectivity: the photosensitizer accumulates primarily
in the tumor tissue due to its increased permeability
and retention. This enables targeted destruction of
cancer cells with minimal damage to normal tissue, thus
reducing systemic toxicity and side effects associated
with the treatment. PDT's dual mechanism of action,
which involves direct damage to the cells and activation
of the immune system, further enhances its potential as
an effective therapeutic method [10].

The extraordinary precision of the molecular
interactions of PDT and the synergistic effect of light,
photosensitizer, and oxygen opens up excellent
prospects for treating HPV-associated cervical cancer.
By exploiting innate biochemical differences between
normal and malignant cells, PDT offers an innovative
strategy that meets the requirements for personalized,
minimally invasive treatments in oncology [9].
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Preclinical studies on PDT
for HPV-associated cervical cancer

Before introducing a therapeutic approach into
clinical practice, thorough preclinical studies must assess
safety, efficacy, and understanding of mechanisms. In the
context of PDT for HPV-associated cervical cancer, animal
models have served as a tool to evaluate the potential
of this treatment modality. These models, often using
rodents such as mice or rabbits, provide researchers with
a controlled environment to simulate various aspects of
human cervical cancer and to study the effects of PDT in
a controlled and systematic manner [39, 40].

Preclinical studies in animal models have consistently
demonstrated the efficacy of PDT in HPV-infected cervical
cells. These studies usually involve inoculation of animals
with HPV-positive cervical tumor cells and subsequent
treatment with photosensitizers and light exposure [41].
The selectivity of PDT is apparent, as the photosensitizer
accumulates mainly in the tumor tissue due to its
inherent properties, leading to the destruction of the
malignant cells when activated by light. In subsequent
genetic studies on these animals, no HPV DNA could be
detected after 3, 6, and 12 months [22, 23, 24].

These studies often include the evaluation of tumor
regression, tumor size reduction, and tumor growth
inhibition. In addition, they provide information on the
effects of treatment on various biological parameters,
such as impairment of vascular function in the tumors,
immune responses, and potential tumor recurrence.
Such information is invaluable for understanding the
broader impact of PDT in the context of HPV-associated
cervical cancer [16, 42, 33].

Preclinical studies confirm the efficacy of PDT and
provide a mechanistic understanding of how this
treatment method exerts its effects. These studies focus
on the molecular and cellular mechanisms underlying
the cytotoxic effects of the reactive oxygen species (ROS)
generated during PDT [34, 36, 12].

Mechanistic studies frequently show that ROS-
induced oxidative stress triggers cellular responses,
including DNA damage, activation of apoptotic signaling
pathways, and modulation of immunomodulatory
signals. In addition, the effect of PDT on the tumor
microenvironment, such as tumor vascularization and
immune cell infiltration, contributes to the overall
development of the treatment [35, 36, 37, 38].

In addition, animal models allow researchers to study
parameters critical for the optimization of PDT, such as
the ideal dose of photosensitizer, light intensity, and the
interval between photosensitizer administration and
light exposure. These parameters significantly impact
treatment outcomes, and preclinical studies have helped
establish recommendations for proper calibration [41].

In summary, preclinical studies in animal models
serve as a link between basic research and the clinical

application of PDT for HPV-associated cervical cancer.
These studies not only confirm the efficacy of PDT in
targeting HPV-infected cervical cells but also provide a
deeper understanding of the mechanisms underlying
this treatment. The information obtained from animal
models is used in the design of clinical trials and serves
as a guide to make PDT a safe and effective therapeutic
option for patients [34, 35].

Clinical studies and case reports

The transition from preclinical research to clinical
practice is an essential step in evaluating the potential
of PDT as a treatment for HPV-associated cervical cancer.

The first attempts to use PDT to treat precancerous
lesions and early cervical cancer were made in the early
1980s [1]. This attempt was made regardless of whether the
women were infected with HPV. Once the etiologic role of
the virus in the development of intraepithelial neoplasia
and cervical cancer had been confirmed [28, 23, 24], the
focus shifted to the highly oncogenic HPV 16 and 18 PDT.

Clinical trials provide information on PDT'’s safety,
efficacy, and tolerability under real-life conditions. These
studies have several objectives, including evaluating
treatment outcomes, optimizing PDT protocols, and
comparing PDT with traditional treatment approaches
[12,13].

Clinical trials have shown promising treatment
outcomes and response rates in patients with HPV-
associated cervical cancer who have undergone PDT
[14, 15]. Parameters such as tumor regression, lesion size
reduction, and patient survival are usually evaluated.
Some studies have shown that PDT can effectively
induce tumor necrosis and lead to complete or partial
remission, especially at an early stage of the disease [16].
In addition, the ability of PDT to preserve fertility and
anatomical integrity in small tumor spreads is critical.

Comparative studies between PDT and traditional
treatments provide valuable information on the potential
of PDT as an alternative and/or adjunctive option [34,
39]. These comparisons often include an assessment of
treatment efficacy, quality of life, and adverse events [18,
17]. Although PDT’s non-invasive nature and targeted
approach are advantageous, its effectiveness depends
on tumor stage, size, and location factors. A comparative
analysis helps clinicians decide the most appropriate
treatment strategy based on the individual patient profile.

Including case reports in clinical studies emphasizes
the practical application of PDT and its effects on
individual patients. These reports include detailed
descriptions of patient histories, treatment protocols,
and post-treatment outcomes [22, 33, 30]. The reports of
successful PDT interventions demonstrate the potential
of the treatment to achieve favorable results even in
complex cases. In addition, the case reports shed light
on factors contributing to PDT'’s success, such as proper
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patient selection, optimal dosage of photosensitizer, and
individualized light delivery strategies.

These case reports also illuminate the patient
experience and address treatment tolerance, recovery
time, and long-term effects. They contribute to a more
comprehensive understanding of the feasibility of PDT
and patient satisfaction and provide a more complete
picture of the clinical benefits of treatment [12].

Clinical studies and case reports, therefore, play a key
role in bridging the gap between theoretical efficacy and
actual applicability of PDT for HPV-associated cervical
cancer. These studies demonstrate the potential of PDT
as an innovative and targeted therapeutic approach and
provide insights into treatment outcomes, comparative
analysis, and individual patient progression. As clinical
research in this area continues to evolve, these findings
will help to improve PDT protocols and expand its role in
the complex management of cervical cancer [12, 13, 42].

In the Russian Federation, the PDT method has found
its place in treating several localizations at the level of
approved federal clinical recommendations in its form
or as part of complex therapy [43-46]. There are no
similar recommendations for HPV-associated neoplasia.
There is a collection of information on the effect of PDT
on viral transmission and the duration of elimination of
oncogenic HPV types [12].

Challenges and limitations
Despite its promising potential, the use of PDT in the
treatment of cervical cancer is fraught with difficulties.
These problems must be solved to fully exploit PDT’s
benefits in this context.
1.Depth of light penetration: One of the main
problems is the limited penetration depth of
the light into the tissue. Cervical cancer is often
characterized by variable lesion depth, and it can
be challenging to ensure adequate light delivery
to deep-seated tumors. This limitation can lead to
inconsistent treatment efficacy and incomplete
tumor ablation [19, 20].
2.Photosensitizer specificity and tumor targeting:
Choosing the right photosensitizer and achieving
optimal tumor targeting are critical for the
success of PDT. Photosensitizers should primarily
accumulate in the tumor tissue, minimize uptake
into healthy tissue, and minimize potential damage
to surrounding structures [41].
3.Standardization of PDT protocols: The lack of
standardized protocols for PDT is a serious problem.
Variables such as photosensitizer dose, light intensity,
and time between photosensitizer administration
and light exposure can significantly affect treatment
outcomes. Standardization is critical to ensure
reproducibility and comparability between studies
and clinical settings [32, 33].

Like any medical procedure, PDT is associated
with potential side effects and adverse events.
After PDT treatment, photosensitivity reactions
may occur, characterized by skin photosensitivity
(photodermatoses). Other potential side effects include
local inflammation, pain, and swelling at the treatment
site. Adequate patient education and post-treatment
care are essential to control and reduce these effects [11,
34,35, 47].

It is essential to consider the limitations of PDT in
the context of a broader range of treatment options
for cervical cancer. Surgery, radiation therapy, and
chemotherapy also have their limitations, including
potential complications, systemic toxicity, and problems
in treating advanced stages. Comparing the limitations
of PDT with those of other treatment modalities helps
clinicians and researchers make informed decisions
about treatment choices based on individual patient
characteristics and disease stage [17, 18, 26, 48].

Despite these challenges, ongoing research and
innovation in PDT address many limitations. Advances
in the development of photosensitizers, methods
of light delivery, and combination therapy with
immunomodulatory agents are gradually overcoming
the obstacles and expanding the clinical use of PDT to
treat cervical cancer [27, 28, 29, 30].

In conclusion, recognizing and addressing the
problems and limitations of PDT in the treatment of
HPV-associated cervical cancer is critical to optimizing
its clinical application. If these obstacles are overcome
through innovative strategies, collaboration between
interdisciplinary teams, and continued research, PDT can
become a more effective and well-integrated component
of a holistic approach to cervical cancer treatment.

Future directions and
emerging srategies

The evolving landscape of PDT for cervical cancer
is characterized by constant research and innovation
aimed at improving and expanding its potential.
Researchers are actively exploring new approaches to
solve PDT-related problems, including improving light
penetration, optimizing photosensitizer delivery, and
improving treatment monitoring [31, 32]. Advanced
imaging techniques, such as fluorescence-guided
surgery, are being investigated to identify lesions and
accurately guide PDT interventions [33].

Combination therapy is a promising approach for the
future treatment of cervical cancer [64]. The ability of
PDT to induce immunogenic cell death fits well with the
new immunotherapy strategies. Combining PDT with
immune checkpoint inhibitors or adoptive T-cell therapy
can enhance the antitumor immune response and thus
improve therapeutic outcomes. In addition, combining
PDT with targeted agents that specifically modulate
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tumor microenvironment factors can improve treatment
effects and overcome the limitations of PDT [35, 36].

The development of photosensitizers is an active area
of research to improve the efficacy of PDT. Researchers
are developing photosensitizers with improved optical
properties, increased selectivity for tumor cells, and
reduced toxicity. In addition, targeted delivery systems
such as nanoparticles or antibodies conjugated with
photosensitizers are being developed to increase the
accumulation of photosensitizers in tumors to improve
targeting and therapeutic outcomes [37].

With the increasing importance of precision medicine,
personalized approaches for PDT are also emerging.
Tailoring PDT protocols based on specific patient
characteristics, such as tumor biology, microenvironment,
and genetic profiles, can optimize treatment outcomes.
The use of advanced imaging and diagnostic methods to
assess tumor characteristics in real time enables on-the-fly
adjustment of the treatment plan, maximizing the efficacy
of PDT while minimizing side effects [38].

In addition, predictive biomarkers are being
identified to help select patients and predict response
to treatment. Such an individualized approach not
only increases the efficacy of treatment but also helps
to reduce the number of patients and improve their
quality of life.

The future of PDT in the treatment of HPV-associated
cervical cancer is, therefore, characterized by a dynamic
interplay of research and innovation. New strategies
include an interdisciplinary approach involving
oncologists, immunologists, material scientists, and
imaging experts. As these advances come together,
the landscape of cervical cancer treatment is likely to
change, ushering in a new era of personalized, targeted,
and minimally invasive therapies that can significantly
improve patient outcomes and overall well-being [29].

Conclusion

This review comprehensively examined the role of
PDT in the treatment of HPV-associated cervical cancer,
leading to several important conclusions. The review
included an in-depth understanding of the association
of cervical cancer with HPV, the underlying principles of
PDT, preclinical and clinical studies, issues, and directions
for the future. The combination of the evidence and the
results of the analysis allowed us to gain a holistic view
of the potential of PDT to revolutionize the treatment of
cervical cancer.

PDT is becoming increasingly popular in modern
medicine. With a history of more than six thousand
years and a Nobel Prize 120 years ago, PDT has only
found widespread application in the last few decades.
The dynamics of published papers show that PDT has
become increasingly in demand in recent years and has
found its way into various areas of modern medicine [40].

The potential of PDT is truly enormous: in the early
stages of malignant neoplasms, it can be used as an
alternative to radical surgical treatment and radiation
treatment and in the advanced stages of cancer - as an
adjunct to ongoing complex treatment. In progressive,
non-responsive, and exhaustive options of traditional
treatment methods, PDT is the only method that improves
the quality of life by exerting local control [32, 42].

In  conclusion, this review highlights the
transformative potential of PDT in the treatment of HPV-
associated cervical cancer. This review enhances the
ongoing discussion on innovative therapeutic strategies
by providing a concise overview of the major findings,
validating its potential, and advocating further research
and clinical trials. With continued commitment and
interdisciplinary collaboration, PDT promises to change
the landscape of cervical cancer treatment and offer new
hope to patients and clinicians.

Implications for clinical practice

The integration of PDT into the treatment paradigm
for HPV-associated cervical cancer requires a careful and
strategic approach. Although PDT shows promise, its
implementation requires considerations consistent with
established clinical practice. PDT should be considered
an additional or alternative therapeutic option that
complements existing treatment modalities [34, 23].

Clinicians should evaluate the stage, size, and
location of the cervical tumor and the patient’s overall
health status to determine the appropriateness of PDT.
Collaboration with multidisciplinary teams is essential to
develop comprehensive treatment plans that consider
the benefits and limitations of PDT in the context of each
patient’s unique condition.

Patient selection is critical to the success of PDT. Ideal
candidates for PDT are patients with localized early-
stage cervical cancer who can benefit from targeted
and minimally invasive treatment. Patients should be
screened to determine whether they can tolerate light
exposure and potentially develop a photosensitivity
reaction [38, 42].

In addition, the criteria for patient selection
should consider factors such as tumor histology, HPV
genotype, and previous treatment history. Collaborative
decision-making among medical oncologists, radiation
oncologists, and PDT specialists can help identify patients
who could benefit most from PDT while ensuring that it
meets their individual preferences and goals.

Multidisciplinary tumor management boards can
serve as platforms for collaborative decision-making,
where treatment options are discussed, taking into
account each patient’s clinical, pathological, and
radiological data. Such a collaborative approach ensures
effective integration of PDT and optimizes treatment
outcomes while minimizing risks [41, 42, 46].
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Regular communication between these specialists is
essential toimprove treatment protocols, solve problems,
and exchange opinions from a clinical and scientific
perspective. As the field of PDT continues to evolve,
ongoing collaboration ensures that clinical practice is in
line with the latest evidence and innovations [41, 42, 46)].

Inconclusion, theincorporation of PDT into the clinical
management of HPV-associated cervical cancer requires
careful consideration, patient selection, and interdiscipli-
nary collaboration. By drawing on the experience of
oncologists, researchers, and PDT specialists, clinicians
can realize the full potential of PDT and ensure its safe

and effective integration into a broader treatment
paradigm.
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IN MEMORY
OF OSKAR IOSIFOVICH KOIFMAN

On December 31, 2023, Oskar losifovich Koifman, a
scientist whose name is inscribed in golden letters in the
history of Russian science and lvanovo State University of
Chemical Technology (ISCTU), passed away.

O.l. Koifman - Doctor of Chemical Sciences,
Academician of the Russian Academy of Sciences,
Honored Scientist of the Russian Federation, laureate of
the Prizes of the Government of the Russian Federation in
the field of science and technology and the President of
the Russian Federation in the field of education. He was
one of the leading scientists in the field of chemistry of
tetrapyrrole macroheterocyclic compounds: porphyrins
and their structural analogues, polymers based on
them, as well as technology for the production and
modification of synthetic and natural macroheterocycles
and their practical use.

O.l. Koifman’s scientific interests throughout his
scientific career were related to the synthetic organic,
physical, coordination, medical and applied chemistry
of porphyrins, phthalocyanines, porphyrazines and
their metal complexes, as well as supramolecular
liquid crystals. Having united a young close-knit team
around himself, he created a new scientific direction -
the chemistry of macroheterocyclic compounds and
porphyrin polymers.

A team of scientists led by O.l. Koifman has gained
recognition in Russia and abroad. The leading scientific
school headed by him is a multiple winner of the
competition for the right to receive grants from the
President of the Russian Federation for state support
of leading scientific schools in the field of knowledge
«Chemistry, New Materials and Chemical Technologies».

O.l. Koifman is the author of more than 1800
scientific and scientific-pedagogical works, including 11
monographs and 22 chapters in collective monographs,
87 copyright certificates and patents. Under his
leadership, 28 candidates and 9 doctors of chemical
sciences were trained.

O.l. Koifman is a member of the Presidium of the
Educational Institutions of Chemical Technology, Head of
the Department of Chemical Technology of the Academy
of Sciences of the Russian Federation, a member of the
Presidium of the Mendeleev Russian Chemical Society,
the organizer of a large number of all-Russian and
international conferences, as well as the only scientific
and practical seminar in Russia for the exchange of
experience between journals in the field of chemistry
and chemical technology.

Oskar losifovich was awarded the Order of Honor
of the Russian Federation, the Certificate of Honor of
the President of the Russian Federation, the badge
«Honorary Worker of Higher Education of Russia», the
badge «Honorary Worker of Science and Technology
of the Russian Federation», the Badge of Honor of the
Mendeleev Russian Chemical Society, the medals named
after N.N. Semenov and A.M. Prokhorov of the Prokhorov
Academy of Engineering Sciences for outstanding
achievements in the field of engineering sciences. He
was awarded the title of «Honorary Chemist». In 2018,
he became the winner of the All-Russian competition
«Golden Names of Higher Education».

Such a person should be a real great scientist, teacher,
master, person sparkling with talents. That’s how we'll
remember him.
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