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Abstract

Biofilms have higher levels of antibiotic resistance compared to bacteria, so the alternatives are needed as therapy for diseases caused by biofilm
infections. Photodynamic Therapy (PDT) has the advantage of being a safe alternative that involves molecular-level photochemical reactions. The
use of different types of exogenous photosensitizers (PS) was done to compare their effectiveness. Turmeric extract containing curcumin has good
effectiveness in PDT, whereas nanodoxycycline as an antibiotic has a fairly broad absorption spectrum and is effective as PS. The purpose of this
study is to compare the effectiveness of photodynamic therapy on infections by Aggregatibacter actinomycetemcomitans causing periodontitis
using exogenous organic and non-organic photosensitisers (PS). The A. actinomycetemcomitans biofilm had been grown on 96-well microplate for
72 hours incubation time. The samples were divided into three groups, treated with Laser diode, Laser + Turmeric Extract 0.5%, and Laser + Nano-
doxycycline 0.1%. Treatment was done with a variety of exposure times: 30, 60, 90, 120, and 150 seconds. The data were analyzed using ANOVA test.
The results of data analysis showed that diode laser irradiation treatment with endogenous porphyrin, diode laser with Curcumin and diode laser
with nanodoxycycline produced significantly different biofilm reductions. Treatment with diode laser irradiation at various energy densities (4.15,
8.28,12.44,16.59, and 20.73 J/cm?) showed no significant difference in reducing bacterial biofilm. The treatment with diode and curcumin, and the
treatment with diode laser irradiation and nanodoxycyclin showed a significant difference. Diode laser irradiation of 20.73 J/cm? with irradiation
time of 150 seconds resulted in the greatest reduction of biofilm 14.94%, diode laser irradiation + Curcumin 47.82%, and diode laser irradiation +
nanodoxycyclin 53.76%. Therefore, PDT using a diode laser combined with exogenous PS extract of curcumin and nanodoxycycline is more effec-
tive to reduce bacterial biofilms.
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IPPEKTUBHOCTb POTOANHAMUYECKOMU

MHAKTUBALUU BAKTEPUATIbHBIX BUOTNJIEHOK
C UCMNMOJIb3OBAHMNEM SKCTPAKTA KYPKYMUHA,
HAHOOOKCHUUMKITUHA U NNA3EPHOTO ANOOA

Astuti S.D., Mahmud A.F., Putra A.P,, Setiawatie E.M., Arifianto D.
Yuusepcutet Anpnanra, Cypabas, Boctounas dsa, MHooHeswms

Pesiome
BrionneHkn obnapatot 6onee BbICOKMM YPOBHEM YCTONUMBOCTM K aHTUOMOTIKAM MO CPaBHEHMIO C 6akTepuaMM, MOSTOMY HEObXOAVMa pa3pa-
60TKa HOBbIX MOAXO/0B K JIeYEHNI0 MHPEKLIMOHHbIX 3aboneBaHuA, Bbl3BaHHbIX 6akTepuanbHbiMu 6ronneHkamu. OfHUM 113 BO3MOXKHbIX MeTO-
[IOB JleYeHVA Takyx 3aboneBaHnm Asnaetca otogmHammueckas Tepanua (OAT). B kauecTBe pOTOCEHCUOMINZATOPOB MPUMEHANN KYPKYMUH 1
aHTUOMOTMK HAaHOJOKCULIMKAVWH. [poBenu cpaBHUTENbHOE U3yyeHune 3$pdeKTUBHOCTU GOTOANHAMUYECKON Tepann MHGEKLINIA, B NaToreHese
KoTopbIx yyacTBoBanu Aggregatibacter actinomycetemcomitans, Bbi3biBaloLLyie NAPOJOHTUT, C NCMONb30BAHNEM [IBYX YKa3aHHbIX GOTOCEHCU-
6unusatopos. brionneHky A. actinomycetemcomitans Bbipalynsanv Ha 96-1yHOYHOM MUKPOTIaHLETE B TeYeHre 72 4 UHKybaumn. ObpasLibl
6b111 pa3feneHbl Ha TPK rpynbl. B nepBoi rpymnne nposoauny 06paboTky 61onneHoK AUOAHbBIM a3epoMm, BO BTOPOI — 0,5%-bIM SKCTPaKTOM
KYPKYMbl V1 IMOAHbBIM Na3epom, B TpeTbeil — 0,01%-biM pacTBOPOM HAaHOAOKCULIMKAMHA 1 1 IMOAHbBIM Na3epoMm. Bpema Bo3aeiicTeunAa coctaBna-
no 30, 60, 90, 120 1 150 cek. MonyyeHHble AaHHbIE ObLIN MPOaHanM3MpPoBaHbl € crnonb3oBaHrem Tecta ANOVA. PesynbTaTbl aHanm3a AaHHbIX
nokasanu, 4to 3¢pPeKTUBHOCTb BO3LAENCTBMA Ha GUOMIEHKM 3HaUYUTENbHO OT/IMYanach B rpynnax c obiyyeHviem AUOAHbIM Jla3epoMm, 0biyye-
HVIeM JMOJHbIM JTa3€POM C KyPKYMUHOM 1 061yYeHneM ANOAHBIM S1a3epOM C HAHOAOKCULIMKIIMHOM. PeXumbl 061yyYeHnsa AnMoHbIM lasepom
NpU PasnnYHbIX MIOTHOCTAX SHeprn 4,15; 8,28; 12,44; 16,59; 1 20,73 [1>k/cM? He MoOKa3anu CyLeCTBEHHOTO BO3AENCTBUA Ha 6aKkTepuanbHyo
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6rionneHky. ObnyyeHne guopHbIM nasepom (20,73 [x/cm?, Bpema obnyyeHus 150 cek) npmBesio K HanbosnbLueMy yMeHbLUEHNIO GMOMIEHKM
Ha 14,94%, 0bnyyeHne AVOLHbBIM N1a3ePOM C KYPKYMUHOM — Ha 47,82%, 06nyyeHvie JUOAHBIM J1a3epOoM C HAHOLOKCUMLUMKANHOM — Ha 53,76%.
Takum obpasom, OAT ¢ ncnonb3oBaHEM JUOAHOTO la3epa B COYETaHNM C IK30reHHbIMU GOTOCEHCUOUNM3aTopamMm KypKYMMHOM 1 HAaHOAOK-
CULMKIIVIHOM MOKasanu CBO0 3GpPEeKTNBHOCTb B OTHOLLEHNN GaKTepuranbHbIX OUOMIEHOK.

KnioueBble cnoBa: ¢potofmHammueckasa nHaktieaums, A. Actinomycetemcomitans, 6uonneHKka, KypKyMyH, SKCTPaKT, HAHOLOKCULIMKIVIH,

NasepHbI Anoa.
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Introduction

Indonesia has oral and dental health problems at
25.9% of its national population [1]. One of the common
oral diseases that can infect almost 50% of the world’s
population is periodontitis [2, 3]. The number of suffer-
ers of this disease has reportedly increased consistently
over the last decade [2]. Periodontitis can be caused by
bacterial activity as a parasite that exceeds the average
amount in the mouth. One of them is Aggregatibacter ac-
tinomycetemcomitans (A. actinomycetemcomitans) [4, 5].
These bacteria include gram-negative bacteria that can
form biofilms [6, 7, 8]. Biofilms from A. actinomycetem-
comitans can stick to the tooth surface and form an ex-
tracellular matrix, so the level of resistance to antibiot-
ics is high [8, 9, 10]. Therefore, effective and safe alterna-
tive treatments for periodontitis are needed, especially
the disease caused by A. actinomycetemcomitans.

One alternative treatment for infection by bacteria
developed in health is Photodynamic Therapy (PDT). This
therapy utilizes Reactive Oxygen Species (ROS), which are
produced through photochemical processes between
light sources and chemical molecules called photosensi-
tisers (PS) [5, 11]. The photochemical process will occur if
the wavelength of the absorption of PS is matched with
the light source used in PDT. PDT is claimed to be a safe
therapy because it only damages the parasitic part of
the target object. Therefore, as one of the main compo-
nents in PDT, PS should not be toxic to healthy cells [11].

There are two types of PS used in PDT, namely endog-
enous PS and exogenous PS. Endogenous PS is usually an
enzyme produced naturally by bacteria, such as the porphy-
rin in the A. actinomycetemcomitans [12]. Porphyrins have a
maximum absorption at wavelengths of 400-450 nm [13].
Several studies suggest adding exogenous PS to maximize
the effect of PDT [8, 14]. Various kinds of exogenous PS are
developed for PDT, both from an organic and non-organic
materials. PS from organic matter is usually obtained through
extraction or isolation of a particular substance, for example,
chlorophyll and curcumin [14, 15, 16]. On the other hand, the
use of non-organic materials, such as antibiotics, catalysts, or
dyes, was also developed as PS[17, 18, 19].

This study aims to compare the effects of PDT that oc-
cur when two types of exogenous PS are used in organic
and non-organic compound. Curcuma longa or turmeric
extracts contains curcumin. The use of curcumin as PS in
PDT has a significant effect on decreasing the number
of bacterial colonies [20, 21]. Several studies report the
benefits of using curcumin as antimicrobial, anticar-
cinogenic, and anticancer agent [22]. As an ideal PS, the
amount of curcumin used must be minimal but effective
so that the effects arising are only due to the photody-
namic process [23].

Several studies showed that it is common for pho-
todynamic processes to utilize antibiotics as PS even
though some bacteria have high resistance, such as A.
actinomycetemcomitans [2]. Increased antibiotics resis-
tance in bacteria can be caused by excessive use of an-
tibiotics, thus stimulating bacteria to produce a protec-
tive form of extracellular matrix called biofilm [2], [17].
The advantage of using antibiotics as PS in PDT due to
bacterial infection is an alternative function when the
use of antibiotics alone is not effective enough in deal-
ing with bacterial infections. One antibiotic with a tetra-
cycline group that has a broad absorption spectrum is
doxycycline [17]. In low doses, the doxycycline use as
PS can minimize its effects as an antibiotic without caus-
ing resistance [24]. So that doxycycline can be absorbed
more optimally by biofilms, doxycycline particle size is
converted to nano or nanodoxycycline.

With an effective wavelength absorption range of
curcumin extract at 300-500 nm and nanodoxycycline at
200-425 nm, the laser diode is appropriate for this study
[17, 25]. The match between the wavelength of light
and the wavelength spectrum of PS are the keys to the
success of PDT [23]. When the energy received by PS is
excessive, the molecule will experience excitation, and
ROS is created when the excited molecule reacts with
oxygen [11]. In addition, the advantage of a laser diode
as a light source is that the output beam is coherent and
monochromatic so that the beam diameter is smaller
and more focused compared to other conventional light
sources [26, 27].
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Materials and Methods

Bacterial Biofilm

This study used pure isolates of Aggregatibacter ac-
tinomycetemcomitans ATCC 43718 obtained from the
Faculty of Dentistry, Universitas Airlangga.A. actinomy-
cetemcomitans biofilms were cultured on a 96-well mi-
croplate using Tryptone Soy Broth (TSB) media. Previ-
ously, bacteria were grown in a Tryptone Soy Agar (TSA)
medium suspended for 6 grams/liter of yeast extract and
8 grams/liter of glucose [28]. Biofilm cultures were incu-
bated for 72 hours at 37°C anaerobically using a candle
jar [8], [28]. Optical Density (OD) of the growing biofilm
was calculated using Elisa Reader.

Curcuma longa Extractions

The extraction used the maceration method. The
dried turmeric rhizome has been finely immersed in 96%
ethanol (C,HO) solvent in a 1 gr: 10 ml [29]. Maltodex-
trin was added as much as 15% of the mass of the filtrate
to increase the volume and final weight of the extract
results and speed up the drying process [30]. Then, the
ethanol in the filtrate was evaporated by using a rotary
evaporator. The final filtrate, after evaporation, was then
dried using an oven at 40°C.The extract powder was
stored at room temperature in a dark cupboard. Curcuma
longa as PS was a solution with sterile distilled water.

Nanodoxycycline

Doxycycline (C,H,,N,O.H,0)in the form of powder was
crushed for 5 hours using a mortar. Then the sample was
ground using 3D High Energy Milling (HEM) to obtain nano-
sized doxycycline powder. The process lasts for 2 hours us-
ing milling balls (1:20). The grinding sample is filtered using
a 7.5 um mesh. Nanodoxycycline as PS was a solution with
distilled water and filtered using PTFE 0.2 pm.

Light Source

Laser Diode characterization using Jasco CT-10
Monochromator and Thorlabs PM100D Power Meter
to determine the peak wavelength and intensity of the
beam output. The Laser Diode specification used has
a peak wavelength (403.00 + 0.24) nm and an output
beam intensity of (138.25 £ 0.01) mW/cm? for the beam
diameter (0.20 + 0.01) cm?* The value of energy density
laser diode can be obtained using Equation 1.

. -2
Energy Densny(J cm ) )

= Intensity (W cm™ ) x Time exposure (s)

Sample Treatments

The A. actinomycetemcomitans bacteria sampled in
this study were 100 pl biofilm culture grown on 96-well
microplate for 72 hours incubation time. TSB medium in
each well was removed through the rinsing process us-
ing PBS with a pH of 7.4. Then exogenous PS was added in
the form of 0.5% Curcumin extract or 0.1% Nanodoxycy-
cline. After the addition of exogenous PS, biofilm culture
was incubated anaerobically using a candle jar for 30 min-

utes, and then the laser diode exposure was performed.
The sample had been treated and incubated for 24 hours.
The sample taken from incubator were washed with PBS
three times. The staining/coloring process uses 200 pl of
crystal violet in each well for 15 minutes. The sample was
rewashed using distilled sterile water three times to re-
move crystal violet, and then was given 100uL 33%/well
glacial acetic acid (GAA) and measured using ELISA reader
S/N 17539 (Bio-rad, US) on 595nm [8]. The results of the
research data (OD) were converted to log CFU/ml.

The samples were divided into three treatments,
Group X was treated with laser diode, Group Y was treated
with laser diode+Curcumin Extract 0.5%, and Group Z was
treated with laser diode+nanodoxycycline 0.1%. Treat-
ment of laser diode with a variation of irradiation time,
which were 30, 60, 90, 120, and 150 seconds with energy
densities of 4.15, 8.28, 12.44, and 16.59 J/cm? The data
were analyzed using the ANOVA test. Each treatment has a
control group, namely a negative control group, a positive
control group of nanodoxycycline, and a positive group of
curcumin. The percentage reduction in the treated sample
was compared with the control group for each treatment.

Statistical Analysis

The percentage of biofilm reduction was obtained
by reducing the log CFU/ml value of the treated sample
with the control group. The study results in the form of
log CFU/ml were statistically analyzed by using the Sta-
tistical Package for Social Science (SPSS) version 21. The
statistical test conducted was Two Way ANOVA and the
Tukey test, with p <0.05, so that a significant difference
between the control and treatment group has a data
confidence level of 95%.

Results and Discussion

Curcuma longa Extracts

Curcumin extract solution with a concentration of
0.5% is the organic exogenous PS in this study. One of
the curcumin extract’s contents that has the most advan-
tage in PDT is curcumin. To know how effective curcumin
extract as an exogenous PS, it is necessary to compare
the absorbance between curcumin standard and cur-
cumin extract. Fig. 1 showed a comparison of the stan-
dard absorbance of curcumin standard and curcumin
extract by using the Genesys 30 Spectrophotometer.

Curcumin standard, the chemical formula [HOC H,
(OCH,)CH=CHCOLCH,, used in this study, was derived
from Curcuma longa powder with EC number 207-280-5.
Through Fig. 1, it is known that the peak absorbance of both
solutions was at 423 nm. The standard absorbance value of
curcumin was higher than turmeric extract. This result was
caused by the curcumin content in curcumin standard was
far more than the amount of curcumin in curcumin extract.

The peak wavelength of diode laser used in this study
was 403 nm, then the absorbance value of curcumin ex-
tract was 0.475. The transmittance value of the curcumin
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determined using Lambert-Beer law as follows.

A, = —logT,
0.475 = —logT,
T =0.3349

So, the absorption of curcumin extract is (1-0.33349)
X 100% = 66.51%.

The 0.1% nanodoxycycline solution was the non-
organic exogenous PS used in this study. The goal of
reducing doxycycline particles to the nanoscale is
that the molecules have a larger surface area to
be more easily absorbed by the A. actinomycetem-
comitans. The value of particle size distribution is at
141.80-220.20 nm, while the doxycycline particle
distribution is at 1253.00 nm when tested using Par-
ticle Size Analyzer (PSA). The particle size distribu-
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Table 1

Analysis of the Nanodoxycycline FTIR Test

Ta6nuua 1

Pe3yAbTaThl aHaAnu3a HaHOAOKCULMKAKMHA FTIR-TecToM

Peak Wavenumber (cm-1)

Doxycycline [20]

Nano doxycycline

3525.88 3454
3336.85 3300
2931.80 2964
1658.78 1672
1610.56 1618

1544.98 and 1454.33 1600 and 1400

Functional Group wavenumber values (cm™)

Functional Group

Primary —-OH group

3650-3400 OcHosHas -OH rpynna
3500-3100 -NH group

-NH rpynna
3000-2850 C—H stretching

C-H pacTaxeHune

1680-1630 C-O group

C-O rpynna
1680-1600 C-C stretches

C-C pactaxeHune

aromatic C=C bonds

1600 and 1475
apomaTnyeckmne C=C cBa3u

1244.09 1245 1300-1000 C-0 bond
C-O cBa3b
tion chart of the particle size analyzer test results was So, the% absorption of nanodoxycycline is

shown in Fig. 2 and 3.

The Fourier Transform Infrared (FTIR) test was ana-
lyzed with the results shown in Table 1 to prove that the
nanodoxycycline functional groups did not experience
a significant change compared with the literature. There
was a shift in wavenumber but still within the same range
of functional groups.

Through PSA and FTIR tests, it was known that dox-
ycyline and nanodoxycycline had differences in terms
of functional group and particle size distribution. In
the absorbance test using the Genesys 30 Spectropho-
tometer, the difference was shown by both the absor-
bance wavelength and the absorbance value. Doxycy-
cline has the highest absorbance peak, which is 2.702,
at 375 nm, while the absorbance peak of nanodoxy-
cycline occurs at a wavelength of 377 nm, which is
3.000.The graph of the absorbance value test results is
shown in Fig. 4.

When molecular doxycycline is exposed to laser diode
with a peak wavelength of 403 nm, the absorbance value
of doxycycline is 0.808. With Lambert-Beer law, we can
calculate the transmittance value and the percentage of
absorption of a molecular of doxycycline.

A, = —logT,
0,808 = —logT,
T, =0,1556

(1 - 0,1556)>< 100% = 84,44%

Laser Diode Characterization

The laser diode used in this study has a Gaussian
output beam. The relatively small diameter of the laser
beam, which was (0.20 + 0.01) cm?, allows for a high en-
ergy density with minimum exposure time. It is necessary
to characterize the laser diode beam temperature using
a Digital Constant Multimeter 89 to avoid excessive heat-
ing. The result data shows that the beam temperature of
the laser output was 32.04 £ 0.02 °C, so it can be ascer-
tained that a decrease in the level of biofilm OD is caused
by PDT, not due to the thermal reactions. The character-
ization of the diode laser was shown in Table 2.

Fig. 5 showed the relationship between the wave-
length of the Laser Diode and its output power with
the Gaussian approach. It is known that the peak wave-
length of the Laser Diode was 403.00 + 0.24 nm, with a
power of 27.65 + 0.01 mW.The output beam intensity
was 138.25 £ 0.01 mW/cm? for diameter of the beam of
0.20 £ 0.01 cm? Photochemical reactions in PDT occurred
when exposure times > 1 s and power density were in the
mW [31]. Therefore, five variations of the exposure time
of biofilms were carried out, as summarized in Table 2.

The curcumin and doxycycline absorption spec-
trum were depicted at 380-780 nm based on the pre-
vious studies [11, 15, 17, 23]. When the doxycycline
was in the nanoscale size, the absorption spectrum was

BIOMEDICAL PHOTONICS T.9, N24/2020
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Fig. 4. Absorbance spectrum of doxycycline
and nanodoxycycline
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Absorption of
0.0 - nanodoxycycline
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Wavelength (nm)
Table 2
The characterization of laser
Taonuua 2

XapakTepucTuka nasepa

Beam Intensity
(mW/cm?)

Spot Area

Wavelength (nm) (cm?)

Energy Density

Time Exposure (s) (J/cm?)

403,000 + 0,007 138,25+ 0,01

0,2+0,01

30.000 = 0.005 4,15
60.000 + 0.005 8,29
90.000 + 0.005 12,44
120.000 + 0.005 16,59
150.000 £ 0.005 20,73

shifted from 375.00 + 0.05 nm to 377.00 + 0.05 nm. The
level of reactive oxygen formation was affected by this
shifting; hence the biofilm reduction escalates too. The
wavelength of the laser used in this study was 403.00 +
0.05 nm.The percentage of photons absorbed by the cur-
cumin and doxycycline was 67% and 84%, respectively.

The wavelength spectrum laser diode corresponds
to the absorption spectrum of the exogenous PS used,
namely curcumin and nanodoxycycline extracts.

Treatment Results

The results of data analysis showed that diode laser ir-
radiation treatment with endogenous porphyrin, diode
laser with curcumin, and diode laser with doxycyclin pro-
duced significantly different biofilm reductions (p <0.05).
Treatment with diode laser irradiation at various energy
densities of 4.15, 8.28, 12.44, 16.59, and 20.73 J/cm?
showed no significant difference (p> 0.05) in reducing

bacterial biofilm. The treatment with diode laser and
curcumin, diode laser with nanodoxycyclin, showed a
significant difference (p <0.05). Diode laser irradiation
of 20.73 J/cm? with an irradiation time of 150 seconds
resulted in the greatest reduction of biofilm of 14.94%,
diode laser irradiation+Curcumin - 47.82%, and diode la-
ser irradiation+nanodoxycyclin - 53.76%. The results of
A. actinomycetemcomitans biofilm reduction is shown in
Fig. 6.

The photoinactivation mechanism occurs when a bio-
logical molecule is exposed to light. A process called pho-
tophysical reaction occurs when the energy of photons is
absorbed by photosensitizer molecules. The match of the
wavelength spectrum between the laser diode and the
exogenous PS results in a photophysical process [32]. The
diode laser produces energy absorbed by PS molecules
so that PS molecules get additional energy to be excited
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Fig. 5. Blue laser diode characterization
Puc.5. XapakTepuctuka AMoaHoOro nasepa

to a higher energy level. This excitation state is unstable
so that the PS molecule will return to its ground state,
one of which is through photochemical reactions with
other molecules in the form of energy transfer or elec-
tron transfer [11]. The product of the photochemical re-
action is the oxygen radicals (ROS). ROS is reactive and
can damage the biofilm cell membrane, thereby disrupt-
ing the metabolic activity of cells [33].

In exogenous PS utilization, a type | photochemical
reaction occurs when an excited PS molecule initiates a
reaction with the substrate to induce photolytic deami-

Il Laser
60 1 Laser + Curcumin Extract
Laser + Nanodoxycycline

w
«
1

50 -
45 1
401
35
30
25
20
15 4

Percentage of biofilm reduction (%)
S

(&1
1

o
I

60 80 100 120 140 160

Time of irradiation (s)

Fig. 6. Histogram Percentage of Biofilm Reduction of
A.actinomycetemcomitans
Puc.6. [lons ymeHblieHUs 6uonneHku A.actinomycetemcomitans

nation in the exogenous PS fourth carbon ring system.
The excited photosensitizer transfers electrons to oxy-
gen to produce superoxide anion (O%) and forms ROS,
which consists of hydroxyl radicals (*OH) and hydrogen
peroxide (H,0,). Superoxide ionization (0?) will produce
hydrogen peroxide (H,0,) and cause a reaction through
an oxidation reaction to produce free radicals, caus-
ing bio-molecular damage. In a type Il reaction, when
PS is in triplet state, energy is directly transferred to the
oxygen molecule to produce singlet oxygen. Excited sin-
glet oxygen can trigger oxidative peroxidation reactions
that damage biological molecules. The last reaction is a
photobiological reaction when superoxide is formed in
the cell (intracellular) and the peripheral area (extracellu-
lar). Hydroxyl radical reactivity causes oxidative damage.
Nano-sized doxycycline can diffuse through the pores
where the nutrients are transported to all parts of the
biofilm region, causing wider biological damage [11].
Oxidative damage can occur in three different loca-
tions based on the photosensitizer, namely the biofilm
matrix, cell membrane, and intracellular parts. Biofilm
matrix components such as lipids, proteins, and DNA are
oxidized by ROS. ROS can interact with the biofilm ma-
trix, which affects the cohesiveness and stability of EPS. It
also reacts to lipids on the outside of the cell membrane
and changes their morphological structure. It leads to in-
creased photosensitizer intake and stimulation of leak-
age from cellular metabolites. Damage that occurs in
the cell membrane causes inactivation of the membrane
transport system. Damage can also occur to intracellular
parts such as the nucleus and mitochondria. All of these
defects change the phenotype and reduce the biofilm
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[11]. The results of the research data analysis showed that
the higher the energy density used, the higher the bio-
film reduction. The highest decrease occurred in the use
of an energy density of 20.73 J/cm? for each treatment.

Porphyrins as endogenous PS can reduce biofilms
when PDT is used using a diode laser. The highest reduc-
tioninbiofilm occurred atan energy density of 20.73 J/cm?
of 14.94%. Porphyrin has an absorption wavelength at
400-450 nm [13], so the diode laser'wavelength used in
this treatment is suitable. The relatively low biofilm re-
duction was due to the limited laser diode penetration of
the A. actinomycetemcomitans biofilm layer [34]. Due to
the limited light penetration, the biofilm layer at the bot-
tom of the plate does not receive the laser diode'energy.
Therefore, the ROS only reduced A. actinomycetemcomi-
tans biofilm by an average of 14.94%.

The addition of exogenous PS is more effective in re-
ducing biofilms than using only endogenous PS. As an
exogenous PS, curcumin extract is relatively sufficient to
reduce biofilms. One of the active components of this
photosensitizer is curcumin, capable of producing ROS
when exposed to light with a wavelength of more than
400 nm [35]. The average reduction in biofilm due to PDT
with PS curcumin extract was 46.12%. PDT using curcum-
in extract was shown to be able to reduce biofilms great-
er than endogenous PS. However, with a greater energy
density, exogenous PS nanodoxycycline was better able
to reduce biofilms higher than curcumin PS.

Tetracyclines are well-established antibiotics but ex-
hibit phototoxicity as a side effect. Anti-microbial pho-
todynamic inactivation uses tetracyclines combined
with harmless light to destroy microbial cells by reac-
tive oxygen species. Tetracyclines (demeclocycline and
doxycycline) can act as light-activating antibiotics by
binding to bacterial cells and killing them only after illu-
mination. The remaining tetracyclines can prevent bac-
terial regrowth after illumination has stopped. Bacteria
are killed by photoactivation of tetracyclines without
oxygen. Because topical tetracyclines are already used
clinically, activation of blue light can increase the bac-
tericidal effect [36].

The ability of biofilms to form extracellular matrices
makes the penetration of external particles more difficult
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A STUDY OF THERAPEUTIC EFFECTS OF 670 NM
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MACULAR EDEMA
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Abstract

The purpose of this study was to investigate the therapeutic effects of 670 nm irradiation in patients with diabetic macular edema. In several
studies, positive effects of red/near-infrared irradiation showed in a range of ocular diseases such as macular degeneration, macular edema, and
retinitis pigmentosa. This study was conducted on forty five eyes of 26 diabetic patients with macular edema between the ages of 51 and 80.
Measurement of visual acuity and slit lamp examination, funduscopy, and optical coherence tomography were performed in all subjects. None of
the patients had proliferative retinopathy. We used a portable LED device (Warp 10, Quantum Devices) for treatment. Patients held this device at a
distance of 3 cm from their eyes for 240 seconds for three months. Full ophthalmic examinations were repeated 1, 2, and 3 months after treatment.
After 3 months, the mean visual acuity improved from 0.44 + 0.38 log MAR to 0.27 + 0.24 log MAR and vision increased by 1.52 + 1.16 lines post
treatment (p<0.001). The mean central macula thickness decreased from 381.49 + 144.40 um to 359.72 + 128.84 um (p=0.050). In patients with
mild and moderate nonproliferative diabetic retinopathy, the mean central retinal thickness decreased 52.06 + 67.78 um and 39.27 + 44.69 pm,
respectively, but patients with severe type showed an increase of 34.93 + 65.65 um in the mean central retinal thickness (p<0.001). Also, the
severity of macular edema had no effect on final outcomes (p>0.05). Photobiomodulation can positively affect diabetic macular edema, especially
in patients with mild to moderate diabetic retinopathy.

Keywords: diabetic macular edema, photobiomodulation, diabetic retinopathy.
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U3YYHEHUE TEPATIEBTUHECKUX SDPDPEKTOB N3JTYHEHUA
C JJIMHOWU BOJIHbI 670 HM TP PA3JTUHHbBIX TUMNAX
ONABETUHECKOTO MAKYNIPHOIO OTEKA

Ramin S.', Ahadi M.!, Ebrahimi A.2

"YuueepcuteT meanupmHckmnx Hayk LLlaxmnpa bexewtn, Terepan, Mpan
2Odranbmonormyeckmit ueHTp bacmp, Terepan, Mpan

Pesiome
Llenbto aaHHOW nccnefoBaTenbCcKon paboTbl ABNANOCH N3yUeHre TepaneBTUYECK/X SPHEKTOB U3NTyUeHUsA C JJIMHOW BOJHbI 670 HM y nauu-
EHTOB C AMabeTMUeCKM MaKyNAapHbIM OTeKOM. PAa npeabiayLwyx NccnefoBaHnin CBULETENbCTBYET O NMOMOXKUTENbHOM 3ddeKTe KpacHoro /
MHGPaKPaCHOro 13yyYeHWA NPU HEKOTOPbIX 3ab0NIeBaHUAX a3, TakUX Kak MaKynoancTpodua (AereHepaLma »enToro nATHa), MakynAapHbIN
OTEK U NUTMEHTHbIN PEeTUHUT. Halle nccnefoBaHve 6bi1o NpoBeaeHo Ha 45 rnasax y 26 60/bHbIX CaxapHbIM ArabeTom B Bo3pacTte oT 51 go
80 neT ¢ MaKynApHbIM OTeKOM. Bcem naumeHTam 6binv NpoBefeHbl onpeaesieHne oCcTPOThl 3PEeHMs, OCMOTP /1a3 LWenieBor nammnoi, dbyHao-
CKOMUA 1 OMTUYecKas KorepeHTHasA Tomorpadua. Hu y ogHOro 13 naymeHToB He 6b110 nponudepaTBHOM peTrHoNaTu. [1na neyeHnsa Hamu
ObIN1 MPUMEHEH NMOPTATUBHBIV CBeTOAMOAHbIV Npubop (Warp 10, Quantum devices). MaLneHTb Aepxany CBETOAMOL Ha PAcCTOAHUN 3 CM OT
rnasa B TeyeHue 240 cek B TeyeHue 3 mec. Bce odpranbmosnornyeckme nccnefoBaHus 6binv NOBTOpeHbl yepes 1, 2 1 3 Mec nocse npoBeaeHus
neyebHoN npoLeaypbl. Yepes 3 mec cpefHAA OCTPOTa 3peHUA ynyULMIach C NokasaTtenem oraprdma MMHUMANbHOrO yrna paspeLieHus 0,44
+ 0,38 po 0,27 + 0,24, uTo NOKasano yBennyeHve nokasaTena ocTpoTbl 3peHusa Ha 1,52 + 1,16 nocne neyerus (p<0,001). CpefHAA LeHTpanb-
HasA TOMLWMHA CeTYATKM B 0651aCTN MaKysibl yMeHblmnach ¢ 381,49 + 144,40 Mkm o 359,72 + 128,84 mkm (p=0,050). ¥ naumeHToB C nerkomn
1 yMepeHHOW HenponudepaTUBHON AnabeTnyeckon peTuHonaTuen CPefHAA TOMLWMHA CeTYaTKM YMeHbLumMnack Ao 52,06 + 67,78 n 52,06 +
67,78 MKM, COOTBETCTBEHHO, @ Y MaLIMEHTOB C TAXENION peTMHonaTuel Habnoaanoch yBenuyeHune Ha 34,93 + 65,65 mkm (p<0,001). Momurmo
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TOro, CTeneHb MaKy/IAPHOro OTeKa He MOBANAA Ha OKOHYaTeNbHbIN pe3ynbTaT neveHuns (p>0,05). Dotobromopynauma bbina 3¢pdeKTnBHON
npu frnabeTyeckom MaKyAapHOM OTeke, B YaCTHOCTW, Y MaLMEHTOB C IErKo 1 yMepeHHON inabeTnyeckon peTrHomnaTuei.

KnioueBble cnoBa: anabeTnuecknii MakyaspHbI oTek, poTobruomopynaums, uabeTnyeckas peTrHonaTus.

Ona untuposaHus: Ramin S., Ahadi M., Ebrahimi A. A study of therapeutic effects of 670 nm irradiation in different types of diabetic macular
edema // Biomedical Photonics. - 2020 - T.9, N2 4. — C. 15-22. pp. 15-22. doi: 10.24931/2413-9432-2020-9-4-15-22.

KoHTtakTbi: Ramin S., dr.shahrokhramin4d6@gmail.com, Ahadi M., sepid01@yahoo.com

Introduction

According to International Diabetes Federation (IDF)
reports, the global prevalence of diabetes among adults
over 18 was 8.4% in 2017. The number of patients is ex-
pected to increase to 693 million by 2045 [1]. Visual im-
pairment due to diabetes is a major global health prob-
lem in the world. Diabetic macular edema (DME) and
diabetic retinopathy are the main causes of visual im-
pairment in these patients affecting their activities and
lives [2-3]. Chronic hyperglycemia causes the generation
of advanced glycation endproducts (AGEs), activation of
protein kinase C, upregulation of vascular endothelial
growth factor (VEGF), vascular endothelial dysfunction,
and increased vascular permeability and chronic in-
flammation [4-5]. Treatment modalities include laser
photocoagulation and anti-vascular endothelial growth
factor (VEGF) drugs with aggressive control of glycemia.
Although these methods have been effective against
macular edema, they have disadvantages such as de-
creased vision in some patients, a need for repeated in-
jections, and high costs [6-8].

Several studies demonstrated the therapeutic effects
of red to near-infrared light (NIR) (630-1000 nm) by us-
ing low-level lasers or light-emitting diode (LED) arrays.
Light photons can penetrate into living tissues, and
the absorbed energy creates photochemical changes
within cellular structures that define photobiomodula-
tion (PBM) therapy. Photobiomodulation therapy affects
endogenous chromophores in the body and improves
the biological functions of cells without heating or dam-
age [9-12]. In the injured optic nerve, this approach has
shown the potential to reduce inflammation and allevi-
ate degeneration. Following photo-irradiation of ner-
vous cells, cytochrome oxidase production is increased,
and the activity of the cytochrome oxidase inhibitors is
reduced [13]. In another study, NIR irradiation of the op-
tic nerve following an injury in a transcranial manner re-
duced oxidative stress. Reduced oxidative stress by NIR
light improved function in the CNS post traumatic inju-
ry in vivo [14]. Photobiomodulation has shown positive
effects in the treatment of strokes and myocardial in-
farction, and stem cell proliferation [15]. The first study
of photobiomodulation efficacy in the treatment of dry
age-related macular degeneration (AMD) was conduct-

ed by Merry et al. They demonstrated improvements of
functional and anatomical outcomes in their subjects
with PBM therapy [16]. PBM effects on diabetic macular
edema was studied by Tang in a pilot study. Daily pho-
tobiomodulation caused a significant reduction in focal
retinal thickening and improved vision in treated eyes.
He reported PBM as an effective and non-invasive meth-
od to treat diabetic macular edema lesions. [17]. In previ-
ous studies, PBM was reported as a safe method without
side effects [9-10, 17].

According to this evidence, photobiomodulation
might have positive effects in diabetic macular edema.
Therefore, the present study is designed to evaluate
whether 670 nm irradiation has therapeutic effect in
diabetic macular edema, focusing on different types of
edema and several stages of nonproliferative diabetic
retinopathy.

Materials and Methods

This study was conducted on 26 diabetic patients in
Abhar, Iran, in 2019. Our study followed the tenets of the
Declaration of Helsinki and was approved by the Human
Ethics Committee of Shahid Beheshti University of Medi-
cal Sciences (IR. SBMU. RETECH. REC. 1398.558). After ap-
proval by the human ethics committee of the University,
diabetic patients were recruited from an eye clinic. All
patients had diabetic macular edema and associated de-
creased visual acuity. Only patients who did not wish to
receive the standard treatment or had not responded to
current modalities participated in this study. In our pa-
tients, visual acuity measurement with ETDRS chart, slit
lamp examination, funduscopy, and optical coherence
tomography were performed. According to the Interna-
tional Clinical Diabetic Macular Edema Disease Severity
Scale [18], diagnosis of diabetic macular edema was ap-
proved on the basis of clinical findings and optical coher-
ence tomography (OCT SD) data. Exclusion criteria were
a history of systemic or topical anti-inflammatory drugs
usage, intravitreal injections of steroids and anti-VEGF, fo-
cal laser therapy within 1 year, and evidence of prolifera-
tive diabetic retinopathy. The treatment method was de-
scribed to all patients, and the consent form was received
from them. Photobiomodulation therapy was applied
using a portable LED device Warp 10 (Quantum Devices).
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This device emits red light at a wavelength of 670 nm with
25 J/cm? energy in 3 cm distance to an eye. The duration
of treatment was three months, and it was carried out at
home. Our patients would keep this device at a distance
of 3 cm from their eyes for 240s three times a week in the
first month. In the following month, they performed pho-
tobiomodulation two times a week, and in the last month,
they continued it weekly. After three months, all examina-
tions were repeated, and changes in ocular findings were
considered as the final outcomes.

Statistical analysis of results was performed by SPSS
software version 18. After the assessment of normality
of data distribution with the Shapiro-Wilk test, we used
Student’s, Wilcoxon, and Kruskal-Wallis tests for statisti-
cal analysis of results.

Results

Twenty six patients (11 male and 15 female) with a
mean age of 63.44 + 7.51 (range 51-80) years participat-
ed in this study. During this study, routine treatment of
diabetes, including drugs and diet, were not changed in
all patients. Mean FBS in the first and final examinations
were 200.11 + 54.68 and 193.35 + 61.25, respectively.
The mean spherical equivalent was 0.68 + 0.89 diopter
(D) with range -2.0 to +3.25 D. Photobiomodulation was
performed in both eyes of 19 subjects and did in one eye
of 7 patients. Eighteen eyes had mild nonproliferative
diabetic retinopathy (NPDR), 13 eyes had moderate non-
proliferative diabetic retinopathy, and 14 eyes were in
a stage of severe NPDR. In terms of severity of disease,
DME in 8 eyes was mild, in 15 eyes was moderate, and in
22 eyes was severe. According to morphology of edema,
8 patients had simple edema, and 26 patients had cys-
toid type, and 11 of them had neuroretinal detachment.

Initially, the mean visual acuity of patients was 0.44
+ 0.38 log MAR that improved to 0.29 + 0.25 log MAR,
0.26 + 0.28 log MAR, and 0.27 + 0.24 log MAR after one,
two, and three months, respectively (p < 0.001). The
mean visual acuity in patients increased 1.52 + 1.16 lines
after 3 months. While visual acuity improved in 67%
of subjects (between 1-2 lines in 19 eyes (42%) and
more than 2 lines in 11 eyes (25%)), no positive effects
were observed in 33% of eyes (no change in visual acu-
ity in 9 eyes (20%), and decreased visual acuity in 6 eyes
(13%)). The mean central retinal thickness was 381.49 +
144.40 pm primarily and decreased to 359.72 + 128.84 um
after 3 months (p=0.050) (figures 1-3). At baseline, the
mean retinal thickness in 3 mm central circle was 404.16+
91.15 um that decreased to 390.24 + 97.87 um after treat-
ment (p=0.004) and the mean retinal thickness in 6 mm
central circle was 367.54 + 76.37 um primarily that de-
creased to 356.31+ 83.03 um finally (p=0.002). The mean
retinal thickness decreased 20.47+ 72.20 um (range: from
275 um decrease to 121 pm increase in thickness), 14.01
+ 40.13 pym (range: from 130 pm decrease to 118 ym in-

crease in thickness), and 11.21 + 39.22 um (range: from
155 um decrease to 136 um increase in thickness) in the
central, 3 mm circle, and 6 mm circle respectively (Table 1).

According to changes of the retinal thickness, patients
were divided in three groups: stable, decrease, and in-
crease. Nine eyes (20%) had no change in the central reti-
nal thickness (£10.00 pm changes in the retinal thickness).
Twenty five eyes (56%) showed reduction of the central
retinal thickness (from 10 to 50 um decrease of the mean
retinal thickness in 14 eyes (31%) and from 50 to 275 um
decrease of the mean retinal thickness in 11 eyes (25%)).
Also, the central retinal thickness increased in 11 eyes
(24%) (from 10 to 50 um increase of mean retinal thick-
ness in 6 eyes (13%) and from 50 to 121 um increase of
mean retinal thickness in 5 eyes (11%)).

The severity of macular edema had no effect on
final outcomes (p>0.05). Central retinal thickness de-
creased 12.25 £45.01 um, 17.15 £ 33.30 um, and 25.41+
95.17 um in mild, moderate, and severe macular edema
respectively (Table 2). The morphology of macular ede-
ma had significant effect on central retinal thickness
(p=0.01). The mean central retinal thickness decreased
19.50 + 26.36 um and 41.23 + 70.84 um in simple and
cystoid macular edema, respectively, but it increased
28.09 + 72.71 pym in neuroretinal detachment macular
edema (Table 3).

Furthermore, the rate of central retinal thickness
changes depended on the severity of diabetic retinopa-
thy. In patients with mild and moderate NPDR, the mean
central retinal thickness decreased 52.06 + 67.78 um and
39.27 + 44.69 pm, respectively, but patients with severe
NPDR showed the rate of 34.93 + 65.65 umincrease in the
mean central retinal thickness (p<0.001). Fourteen eyes
(78%) with mild NPDR and 8 eyes (61%) with moderate
NPDR showed a reduction of macular thickness between
10 to 273 pm. Of the total 14 eyes with severe NPDR,
3 eyes (21%) had 10 to 135 um decrease of central retinal
thickness, and 10 eyes (70%) had 10 to 121 pm increase
of central retinal thickness. Eight patients (15 eyes) had
a history of previous anti-VEGF injection, and their re-
sults showed no difference from other patients (p>0.05).
Finally, our subjects showed no adverse events such as
blurred vision, inflammation, or increased intraocular
pressure after photobiomodulation.

Discussion

Evidence is growing that photobiomodulation has
beneficial effects in a variety of diseases, including
wound healing, rheumatoid arthritis, cerebral degen-
eration, Alzheimer’s disease, and retinal degeneration
[19,20]. In several studies, therapeutic effects of PBM
were investigated in the field of ocular diseases such
as age-related macular degeneration (AMD), diabetic
macular edema, and retinitis pigmentosa [17, 21-23].
Albarracin et al. showed protective effect of NIR light in
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Table 1

Results of photobiomodulation at baseline and during the study
Ta6nuua 1

PesyAbTaThl pOTOOMOMOAYAALMU AO U BO BPEMSA UCCAEAOBAHUSA

“ iy m_

E{eSt Carrected Visual Acuity 044+038Log MAR  027+024logMAR  <0.001
annyJllana CKOppekTnpoBaHHaA OCTPOTa 3peHnA

Mean central macular thickness

381.49 + 144.40 um 359.72 + 128.84 um 0.050

TOJ'ILL[,I/IHa MaKyJibl B LEHTPE
Mean minimum central macular thickness 332,60 + 11737 um 309.17 + 113.09 um 0.005
MuiHMManbHasA TONLWMHaA MaKyJbl B LLlEHTpE
Mean maximum central macular thickness 46151 + 130,01 um 438.26 + 125.92 um 0.087
MakcumanbHas TOJILWMHa MaKyJibl B LleHTpe
Mean 3 mm central macular thickness 40416 +91.15 um 390.24 + 97.87 ym 0.004
TonwmHa makysbl B 3 MM OT LieHTpa
ihigern S it @t ey i s 367.54 + 76,37 um 356.32 + 83.04 um 0.002
TonwmHa makysbl B 6 MM OT LileHTpa

Table 2

Results of photobiomodulation according to Macular Edema Severity

Ta6nuuya 2

Pe3yI\bTaTbI (bOTOﬁVIOMOAyI\ﬂU.VIVI B COOTBETCTBUU CO CTEMNEHbIO TAXXECTU OTEKa XXEATOro nATHa

Retinal thickness Retinal thickness
Visual acuity Retinal thickness changes changes 3 mm from changes 3 mm from
Macular Edema | improvement (line) in the center (um) the center (um) the center (um)

Mild Edema

Cnabbin otek 2.07 £0.98 -12.25+45.01 -5.38+5.71 -12.25+10.21
n=8 eyes

Moderate Edema

YMepeHHbI oTeK 1.50 = 104 -17.15+33.30 -12.77 £29.44 -15.54 £ 22.80
n=15 eyes

Severe Edema

CunbHbIN OTEK 1.32+1.27 -25.41+95.17 -18.15+52.73 -8.00 + 53.36
n=22 eyes

P 0.339 0.952 0.616 0.503

Table 3

Results of photobiomodulation according to macular edema morphology

Ta6nuua 3

Pe3ynbTaTbl $OTOOMOMOAYAALIMU B COOTBETCTBUU C MOPGHOANOTUEN OTEKA XKEATOrO NATHA

Visual acuity Retinal thickness Retinal thickness Retinal thickness
improvement | changes in the center | changes 3 mm from changes 3 mm from
Macular Edema (line) (pm) the center (um) the center (um)

Simple Edema

MpocTom otek 1.75+1.10 -19.50 + 26.36 -7.50+4.81 -12.17+7.63
n=8 eyes

Cystoid Edema

LincronpaHbiin otek 1.88 +0.89 -41.23 £70.84 -24.86 + 37.41 -24.71 £ 35.88
n=26 eyes

Neuroretinal detachment

HenpopeTtunHanbHasa oTcnolika 049+ 1.24 +28.09 £ 72.71 +6.36 + 49.46 18.73 £41.69
n=11 eyes

p 0.010 0.014 0.028 0.001
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Fig. 1. A: Pre Photobiomodulation OCT of a patient with BCVA:
0.22 Log MAR. B: Post photobiomodulation OCT of same patient
with BCVA: 0.05 Log MAR after three months.

Puc. 1. A: OnTuyeckas KorepeHTHas Tomorpadus nepen
doTo6MomoaynsLuMen nauneHTa ¢ Hauny4en KopperupyemMmon
OCTPOTOW 3peHus: orapudm MMHMMaNbHOrO yrna paspeLleHus
0,22; B: OnTnyeckas KkorepeHTHast Tomorpadus nocne
doTo6MOoMOAYNALMY NaLUeHTa ¢ HaunyyLWen Kopperupyemon
0OCTPOTON 3peHus: Yepe3 3 mec lorapudm MUHUMANbHOTO yrna
paspeweHus 0,05

Average Thickness [um)
Vol [mm’]
11 z‘ﬂ/, 7 97,;2
473

0.74

434 | 504 ‘438 434 232
§ 230079\ 038

Average Thickness [um]

Vol (mm?]_— g ——_
862 o
\?(-—-‘

N \

| 373|418
\1.98 065

Fig.2. A: Pre photobiomodulation OCT of another patient with
BCVA: 0.80 Log MAR. B: Post photobiomodulation OCT of same
patient with BCVA: 0.30 Log MAR after 3 months.

Puc. 2. A: OnTuyeckasi KorepeHTHas Tomorpadus nepen
doTobMoMoOAaynALMEN APYroro NnaLmeHTa ¢ Hanay4wen
KOppermpyemou ocTpoTol 3peHus: Norapudém MUHUMaIbHOTO
yrna paspeuwieHus 0,80; B: OnTuyecKas KorepeHTHas
Tomorpadus nocne ¢oTo6MOMOAYNALMU NALMUEHTA C HaUyLLEen
Koppermpyemomn ocTpoTol 3peHus: Yyepes 3 mec norapudm
MWHUMaNbHOro yrna paspewwenus 0,30

Average Thickness [um)
Vol [mm’
9.01

Fig. 3. A: Pre photobiomodulation OCT of another patient with
BCVA: 0.20 Log MAR. B: Post photobiomodulation OCT of same
patient with BCVA: 0.25 Log MAR after 3 months.

Puc. 3. A: OnTnyeckasi KorepeHTHas Tomorpadus nepen
doTo6rMomoaynsaLmMen nauneHTa ¢ Hauay4en KopperupyemMmon
OCTPOTOW 3peHus: norapudm MUHUMANbLHOIO yria paspeLleHus
0,20; B: OnTuyeckasn KorepeHTHas Tomorpadus nocne
doTo6MomMOayNALMY NauneHTa ¢ Haunydlen Kopperupyemon
0OCTPOTOM 3peHus: Yepe3 3 mec orapudm MUHUMaNbLHOIO yrna
pa3peweHus 0,25

the albino rat retina from light-induced photoreceptor
degeneration. This protective effect appears to involve
a reduction of cell death and inflammation [21]. Ivandic
and Ivandic evaluated therapeutic effects of photobio-
modaulation in 203 patients with AMD. Visual acuity im-
proved in 97% of the subjects [22]. Merry et al. studied
the efficacy of PBM in 42 eyes with dry AMD. PBM re-
sulted in a significant improvement in mean BCVA and
contrast sensitivity. Although drusen volume decreased,
overall central retinal thickness and retinal volume re-
mained stable. They reported these results were related

BIOMEDICAL PHOTONICS T.9,N24/2020

to anti-inflammatory, anti-oxidative, neuroprotective,
and anti-apoptotic properties of PBM [23]. Tang et al.,
in another study, demonstrated the efficacy of PBM in
four eyes of 4 diabetic patients as increased visual acu-
ity and 20% reduction in macular thickness in all treated
eyes [17]. In agreement with previous works, our results
showed the beneficial effects of photobiomodulation.
In 67% of subjects, vision improved, and visual acu-
ity increased more than 1.50 lines after treatment. Im-
provement of vision occurred for two months and then
remained stable for the third month. Positive effects of
PBM were observed in all three types of mild, moderate,
and severe types of macular edema. In our study, the
rate of improvement was related to the morphology of
edema. Cystoid form of edema showed a better response
to PBM associated with decreased honeycomb spaces.
Macular thickening after PBM decreased to approach
near normal architecture, and retinal layers were more
regularly arranged. Interestingly, the amount of thera-
peutic effects of PBM on macular edema was dependent
on diabetic retinopathy severity. In patients with mild to
moderate nonproliferative diabetic retinopathy, macular
edema decreased after photobiomodulation. However,
in the majority of patients with severe nonproliferative
diabetic retinopathy (70%), photobiomodulation could
not arrest or regress macular thickening.

Direct and indirect mechanisms of biological effects
by PBM are still under investigation. Previous studies
demonstrated beneficial effects of PBM on the activ-
ity of cytochrome oxidase, activation of light-gated ion
channels, stem cell proliferation, and anti-inflammatory
actions [24]. Activity and expression of cytochrome
oxidase in retinas of diabetic rats was not affected by
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PBM. Although, some studies showed increased cyto-
chrome oxidase activity in retinal pigment epithelium
[19, 25]. The beneficial effects of PBM on stem cells have
been investigated in several studies [19, 24, 26]. Prolif-
eration of mesenchymal stem cells and cellular viability
was enhanced by multiple exposures to 630-nm LEDs
[26]. In diabetic mice treated with PBM, the number of
c-Kit* cells in the circulation increased, which was related
to a significant effect of photobiomodulation on stem
cells [19]. However, the lack of accumulation of c-Kit*
cells within the neural retina or retinal vasculature dem-
onstrated no positive effect of PBM on stem cells in the
retina in diabetes [19, 24, 27]. Several studies showed
that photobiomodulation inhibited the oxidative stress
and inflammation development in the diabetic retina,
as well as upregulating survival pathways [25, 28]. The
pathogenesis of diabetic retinopathy is related to oxida-
tive stress (upregulation of reactive oxygen species (ROS))
and inflammatory changes (increased pro-inflammatory
cytokines and nitric oxide) in the retina [29]. Oxidative
stress-induced damage of mitochondrial DNA leads
to impaired transcription of electron transport chain pro-
teins, which compromises electron transport chain func-
tion and further intensifies ROS production [30]. Also,
leukocyte adhesion and endothelial cell death cause the
structural and functional abnormalities related to diabet-
ic retinopathy [24, 31]. Heo et al. assessed the anti-oxida-
tive effect LED of 660 nm in hippocampal cell line and the
activation of cAMP response element. Photobiomodula-
tion therapy inhibited apoptosis of hippocampal cells in-
duced by oxidative stress and increased neurotrophic
factor expression [32]. de Oliveira et al. studied oxida-
tive stress markers following low-intensity laser therapy
on rats subjected to a high-intensity resistive exercise
session. They stated that LLLT prior to resistive exercise
reduced the oxidative stress markers and increased the
antioxidant capacity [33]. In another study, Saliba et al.
assessed the protective effects of far-red light exposure
against retinal oxidative stress and inflammation in dia-
betic mice. PBM improved diabetes-induced changes in
superoxide generation, leukostasis, expression of ICAM-1
(intercellular adhesion molecule-1). Also, in assessments,
PBM enhanced both inner and outer retinal uptake of
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manganese, and ion channel function secondary to in-
hibition of the oxidative stress [34]. Finally, some stud-
ies showed an indirect effect of photobiomodulation.
Because of the deep penetration of far-red light into tis-
sues, beneficial effects of PBM via systemic mediators in
kidney and heart of diabetic animals and skin wounds
have been seen [34-36]. This effect of PBM in diabetic
macular edema has not yet been investigated, but due to
the close proximity of the eyes, there may be an indirect
effect of photobiomodulation that needs further evalua-
tion. In addition, our findings indicated that the severity
of diabetic retinopathy influenced on therapeutic effects
of PBM. In the severe stage of diabetic retinopathy, vas-
cular abnormalities result in retinal ischemia, with a re-
lease of proangiogenic factors and enhanced expression
of VEGF [37]. It has been recently revealed that half of the
patients with severe nonproliferative diabetic retinopa-
thy have small preretinal neovascularization not seen on
clinical examination or OCT [38]. It seems to be essential
to use anti-VEGF drugs in severe cases.

The limitation of this study is that we had no control
group. Moreover, we could not assess vascular changes
after PBM using OCTA. We suggest further studies with
more patients and long-term follow-up and combined
other therapies.

Conclusion

According to our results, PBM can positively affect di-
abetic macular edema, especially in patients with mild to
moderate diabetic retinopathy. Three months of PBM im-
proves the visual function of diabetic patients and re-
duces macular edema by anti-oxidative stress and anti-
inflammatory actions. Also, this method is a non-invasive
and inexpensive method administered at home.
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of Health of the Russian Federation, Moscow, Russia

Abstract

The article presents the experience of surgical treatment of 57 patients with peritoneal pseudomyxoma of appendicular genesis. In 32 (56.1%)
patients, the operation was supplemented with intraoperative photodynamic therapy (IOPDT). In the other 25 (43.9%) patients, hyperthermic
intraperitoneal chemotherapy (HIPEC) was performed. The analysis according to the value of the peritoneal carcinomatosis index, completeness
of cytoreduction, the volume of operations performed, postoperative complications and hospital mortality, as well as long-term treatment re-
sults in two groups is presented. It was shown that with significantly worse results in terms of cytoreduction completeness obtained in the IOPDT
group compared to the HIPEC group, the 5-year survival rate in the HIPEC group was 86.6%, with IOPDT - 65.2%. At the same time, in the IOPDT
group, the rate of postoperative complications was significantly lower (11.1%), and there was no mortality; in the HIPEC group, these indicators
were 23.8% and 12.0%, respectively. The results obtained indicate that the IOPDT method is an effective and promising direction in the surgical
treatment of peritoneal pseudomyxoma.

Keywords: peritoneal pseudomyxoma, photodynamic therapy, hyperthermic chemotherapy, peritoneal carcinomatosis index, cytoreductive
surgery.
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UHTPAONEPALUMNOHHASN POTOOANHAMUYECK A4
TEPANWNA U TUMNEPTEPMHUYECKASA BHYTPUBPIOLLIHAS
XUMUOTEPAINUA NMPU LUTOPEAYKTUBHOM
XUPYPTMHECKOM JIEHEHNU BOJIbHbIX _
ANCCEMHNHNPOBAHHOU MYUMNHO3HOMU
KAPLUMHOMOMU AMMNEHOMNKCA

O.B. Cupopos, H.A. Tpuwmn, M.B. Jloxkun, A.A. Tponukmin, PU. Mowypos, C.A. beikacos,
A.H. Ypnoeaq, E.B. PunoneHnko

MHWMOWM um. T.A. Tepuera — dunmnan OIEY «HMULL pagmonorum» Munsapasa Poccum,
Mockea, Poccus

Pesiome
B cTaTbe mpeAcTaBneH onbIT XMPYPruyeckoro neyeHuns 57 60bHbIX MCEBAOMUKCOMOW GPIOLMHbI anneHANKYNAPHOro reHesa. Y 32 (56,1%)
NaLeHTOB onepaLysa JOMONHEHa VHTpaonepaLoHHol doTognHammyeckor Tepanuvein (MOGAT), y Apyrux 25 (43,9%) 60nbHbIX NpoBefeHa
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Sidorov D.V., Grishin N.A., Lozhkin M.V., Troitsky A.A., Moshurov R.I., Bykasov S.A., Urlova A.N., Filonenko E.V.
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runepTepMmnyeckasn BHyTpubpiowHas xumuotepanus (TMBX). MpeactaBneH aHanm3 No BefMYMHe MHAEKCA NeprUTOHeanbHOro KaHLepomaTo-
3a, NOJIHOTE LMTopeAyKLmMm, 06beMy BbIMOHEHHbIX OnepaLuii, NocieonepaLyioHHbIM OCIOXKHEHVAM 1 FOCNTaIbHON NIeTanlbHOCTH, OTAANEH-
HbIM pe3y/nbTaTaM JieyeHnA B ABYX rpynnax. [lokasaHo, YTo Mpu AOCTOBEPHO XYALUNX pe3ybTaTax Mo NokasaTenAam NOSHOTbI LUTOpeayKLumm,
nosyyeHHbIx B rpynne MODAT no cpaBHeHuto ¢ rpynnoi [VIBX, 5-neTHAsA BbiXKnBaemocTb B rpynne ¢ F'MBX coctaBuna 86,6%, c UIOOAT - 65,2%.
Mpu 3Tom B rpynne NOOAT 6bin AOCTOBEPHO HUXe MOKasaTesb nocneonepaLrioHHblx ocnoxHeHnn (11,1%) n oTcyTcTBOBaNa NeTanbHOCTb,
B rpynne [VIBX 31 noka3satenu coctaBunu 23,8% un 12,0%, cOoTBETCTBEHHO. [MonyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O TOM, YTO METOA
NOOAT asnaetca 3pPeKTUBHLIM 1 MEPCNEKTVBHBIM 1A CMOJIb30BaHWA NMPU XMPYPriMyeckom neveHnn NCeBAOMMKCOMbI OPIOLINHDI.

KntoueBble c/ioBa: NceBLOMUKCOMa OPIOLWNHDI, POTOAVHAMUYECKAA Tepanua, rMnepTepMuYeckas XMMNoOTepanvs, MHAEKC NepUTOHeaNbHO-
ro KapLMHOMaTo3a, LMTopeayKT1BHas onepaLys.

Ana untuposaHusa: Cugopos [.B., Tpuwwnx H.A., JToxkuH M.B., Tpouuknin A.A., Mowypos PW., Bbikacos C.A., Ypnosa A.H., ®unoHeHko E.B. VK-
TpaonepauroHHas GoToarHaMMyecKas Tepanusa 1 runepTepMmyeckas BHyTPUOPIOLWHAA XMMUOTePanus Npy LUTOPEAYKTUBHOM XMpypriye-
CKOM JiIeYeH1 I 60MbHbIX AVCCEMUHMPOBAHHON MYLIMHO3HOW KapLHoMoW anneHavKca // Biomedical Photonics. - 2020. - T. 9, N° 4. — C. 23-30.
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Introduction

Tumors of the vermix account for less than 1% of
all malignant neoplasms. The most common mor-
phological forms of tumors of this localization are
mucinous carcinomas (about 50%), intestinal ad-
enocarcinomas (10%), signet ring cell carcinoma
and neuroendocrine tumors [1]. The progression of
low-grade mucinous neoplasia leads to the devel-
opment of peritoneal pseudomyxoma, which is cur-
rently considered a clinical syndrome, rather than a
pathomorphological definition. In pseudomyxoma,
mucinous masses of different densities (soft, semi-
hard, hard) accumulate in the abdominal cavity with
a different ratio of tumor cells and different degree of
invasion into the parietal and visceral sheets of the
peritoneum [2]. In the 8th edition of the TNM Clas-
sification of Malignant Tumors, in the determination
of the stage of mucinous tumors of the appendix, the
primary tumor is assessed from T4a to T4b; distant
metastases: M1a: peritoneal, mucin only, without tu-
mor cells, and M1b: peritoneal mucinous carcinoma-
tosis [3]. Regional lymph nodes involvement is hardly
ever observed in this disease. Cytoreductive surgery
in patients with low-grade mucinous tumors allows
achieving 5-year survival rates of 50-85%, depending
on the TNM level of the process. In cases of non-muci-
nous adenocarcinomas of the appendix, the indicator
does not exceed 10% [4]. In recent years, a number of
authors suggest using photodynamic therapy, which
produces a multivariate antitumor response, to in-
crease the effectiveness of cytoreductive surgery
[5-8].

We present our experience of surgical treatment of
peritoneum pseudomyxoma with the use of intraopera-
tive photodynamic therapy (IOFDT) and hyperthermic
intraperitoneal chemotherapy (HIPEC).

Materials and methods

Surgical treatment was performed in 57 patients
with peritoneum pseudomyxoma of appendiceal ori-
gin. The criteria for inclusion in the study were verified
mucinous neoplasia of the appendix after appendec-
tomy or the morphological pattern of pseudomyxoma
obtained by biopsy, as well as the absence of other
types of abdominal and pelvic tumor pathology. The
majority of patients were female (40 people). The age
of patients ranged from 25 to 79 years, the average
age being 52.5+11.7 years, the majority of patients be-
longed to the capable to work and socially active pop-
ulation. In 32 (56.1%) patients, cytoreductive surgery
was supplemented with IOFDT, in 25 (43.9%), with
HIPEC. There were no significant differences between
the study groups in terms of gender and age. Almost
a third (29.2%) of patients had previously undergone
abdominal surgery, including for pseudomyxoma. The
prevalence of the process was estimated by the value
of the peritoneal carcinomatosis index (PCl). We used
the methods developed at P. A. Hertsen Moscow On-
cology Research Center for determining CT PCl and
ultrasound PCl, on the basis of which the involvement
of each of the 13 sectors of the abdominal cavity was
evaluated, as well as the PCl score, the maximum value
of which was 39. At low PCI<5, diagnostic fluorescence
laparoscopy was performed . The diagnostic task was
not only to determine the PCl value, but also to plan
the surgery taking into account the degree of dam-
age to the visceral peritoneal layer, the involvement of
elements of the hepatoduodenal ligament and lesser
peritoneal sac, as well as the expected scope of cyto-
reduction.

The specifics of the surgical stage

Surgical intervention began with dissection of the
skin, subcutaneous tissue and the aponeurosis along
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the white line, without opening the abdominal cavity,
if possible. With an electric knife, the peritoneum was
separated from the transverse fascia and the posterior
layer of the aponeurosis of the rectus muscles as later-
ally and dorsally as possible, up to the lumbar muscles.
Defects of the peritoneal lamina were sutured to avoid
the leakage of fluid or mucinous masses. If the changes
in the parietal peritoneum were not pronounced, it was
mobilized together with the connective tissue struc-
tures of the anterior abdominal wall, leaving aponeu-
rotic tape about 1 cm wide at the edges of the incision
for subsequent suturing. The upper limit of the mobili-
zation of the parietal peritoneum was the diaphragm,
the lower being the bladder and the Douglas pouch.
After that, laparotomy was performed. After removal of
mucin of various fractions and aspiration of ascitic fluid,
the abnormal large omentum underwent subtotal re-
section or extirpation. Then the colon and the rectosig-
moid colon were mobilized in the same way as in sub-
total colectomy. In pseudomyxoma, either right-sided
hemicolectomy or appendectomy was performed, de-
pending on the degree of changes in the appendix and
the dome of the cecum, as well as the scope of involve-
ment. The parietal peritoneum was removed acutely
in three parts: the peritoneum of the right lateral canal
and the right half of the diaphragm, the left lateral ca-
nal with the remaining part of the peritoneum of the
diaphragm, and the pelvic part with the visceral layer,
starting from the mesenteric root. All tumor implants
were removed from the peritoneal omental sac, the
Douglas pouch, and the liver capsule, and, when neces-
sary, the abdominal and pelvic organs were resected or
removed.

The basis of cytoreductive surgery for carcinoma-
tosis is the maximum possible removal of the parietal
layer of the peritoneum, i. e., subtotal parietal peri-
tonectomy, the lesion of the visceral layer being the
main obstacle to optimal cytoreduction. The organs
that are most frequently extirpated include the uter-
us with appendages, the spleen, the right half of the
colon, and the appendix. Given the specifics of the
tumor cells spread, resection of the right dome of the
diaphragm and the bladder was necessary in more
than half of the cases. The key question in the case
of a preserved appendix is the choice of the scope of
intervention for its tumor, i. e., right-sided hemico-
lectomy or appendectomy. It is necessary to take into
account the PCl value and the tumor involvement of
the caecum.

The intraoperative photodynamic therapy
method

IOFDT was performed according to the method de-
veloped at the P. Herzen MORC. Two drugs were used
as photosensitizers: photohem and photosense. The
first was administered intravenously 48 hours before

surgery at a dose of 2.5 mg per kg of body weight, the
second was 2-8 hours before the start of the radiation
session at a dose of 0.2 mg per kg of body weight. A
strict light regime was observed by the patients for 4
or 8 weeks, for photohem and photosens, respectively.
During the IOFDT session, the abdominal cavity walls,
the areas of the parietal peritoneum remaining after
surgery, and the organs that were affected but not re-
sected (the stomach, the bladder, the spleen), as well as
the edges of the laparotomic wound, were exposed to
radiation. To perform the manipulation, a laser instal-
lation LFT-630/675-01-Biospec (OO0 “Biospec”, Russia)
was used, with a wavelength of 630 nm (for photohem)
and 672 nm (for photosense), a special transducer with
an outer diameter of 10 mm, through which a cylindri-
cal diffuser with a diameter of 1.5 mm was passed. At a
distance of 2.5 cm from the distal end of the transducer,
a special opening is cut on '/, of the circumference. The
use of this design made it possible to provide the de-
sired direction of the light flow. The colon and the loops
of the small intestine were protected by a special light-
tight cloth. Sequentially, with the overlap of the light
fields, all accessible abdominal areas were treated, on
average, about 20 positions with 2.5 minutes exposure
for each. The power density of the light energy ranged
from 6 to 10 J/cm?. The “blind” part of the transducer
was constantly turned to the loops of the small intes-
tine in order to avoid their specific damage. However,
taking into account the time of the resection stage, the
visceral peritoneum also received a therapeutic dose of
laser radiation.

Hyperthermic intraoperative
chemotherapy method

HIPEC was performed after the completion of
the surgical stage, with the use of Coliseum (open)
technique. The edges of the wound were attached
with ligatures on a circular wound dilator, and more
recently on a multi-functional THOMPSON wound
retractor. We used the SunCHIP device (GamidaTech,
France). As a cytostatic agent, cisplatin was used at
a dose of 100 mg/m? per 400 ml of saline solution.
The operating temperature at the inlet was 43-44°C,
at the outlet, 42-43°C. The procedure with the use
of the chemical product lasted 60 minutes. During
the treatment, the temperature regime in various
parts of the abdominal cavity and the patency of the
drainage tubes were carefully monitored. Given the
cytoreductive nature of the surgery, a large number
of small fragments of adipose tissue remain in the
abdominal cavity, despite its preliminary sanitation,
which disrupts the drainage function of the system
and thereby causes local hyperthermia in certain ar-
eas of the abdominal cavity. Body temperature was
monitored with esophageal and skin sensors, pre-
venting it from rising above 39.5°C.

intraperitoneal
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Results

Immediate results

The average PCl value in the general group of pa-
tients was 20.75£10.6. In the group which underwent
IOFDT, it was higher, 22+10.5 points, whereas in the
HIPEC group it was 19.0+£8.9 points. A comparative
assessment by the Mann-Whitney U-test revealed no
significant difference in the prevalence of the pro-
cess (p=0.171) (Fig. 1).

The quality of the operation was evaluated by the
Complete Cytoreduction Score. Optimal cytoreduc-
tion (CCO-1) was achieved in 40 patients (70.2%), and
in the remaining 17 patients (29.8%), the residual tu-
mor ranged from 2.5 mm to 2.5 cm or more. When an-
alyzing the quality of surgery in patients with IOFDT,
it was found that the number of patients with optimal
and non-optimal (CC2-3) cytoreduction is approxi-
mately equal: 18 (51.4%) and 17 (48.6%), respective-
ly. A completely different ratio was obtained in the
group which underwent HIPEC. Optimal cytoreduc-
tion was achieved in 21 (91.3%) patients, in which 18
(85.7%) had no residual tumor visualized (CC0), and
the rest of the patients had tumor dimensions not

exceeding 2.5 mm (CC1). Suboptimal cytoreduction
(CC2) was observed in only 4 patients (8.7%). A com-
parative assessment shows that a significantly higher
number of optimal cytoreduction (p=0.002) was ob-
tained in the group with intraoperative HIPEC (Fig. 2).

A comparative analysis of the performed scopes
of surgery in the studied groups was carried out. All
patients underwent subtotal parietal peritonectomy.
Partial removal of the visceral layer is almost 5 times
more often performed in patients with HIPEC: 28%
versus 6.3% in the group with IOFDT. If the number
of resections or extirpations of the large and small
omentum (72% and 87.5%), hemicolectomies (32%
and 31.2%), and appendectomies (28% and 28.1%) in
the compared groups is similar, a clear tendency is
observed concerning the higher number of surgical
interventions in HIPEC group for the extirpation of
the uterus with appendages (44% vs. 18.7%), splenec-
tomy (32% vs. 6.3%), resection of the diaphragm (32%
vs. 3.1%), resection of the bladder, liver, and small in-
testine (12% vs. 3.1%) (Fig. 3).

Complications during treatment were detected
in 9 (15.7%) patients, including 3 in the IOFDT group
and 6 in the HIPEC group. The hospital mortality rate

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.9,N24/2020

27



V9]
-
O
}_
(2’4
<
<
<
O,
&
O

Sidorov D.V., Grishin N.A., Lozhkin M.V., Troitsky A.A., Moshurov R.I., Bykasov S.A., Urlova A.N., Filonenko E.V.
Intraoperative photodynamic therapy and hyperthermic intraperitoneal chemotherapy in cytoreductive treatment

was 5.2%, all the deaths were in the HIPEC group. The
characteristics of postoperative complications justify
the choice of cytoreductive surgery as a treatment
method, its volume, and the combination of intraop-
erative antitumor method. In the general group with
optimal cytoreduction, complications were observed
in 14.6%, and with CC2-CC3 cytoreduction complete-
ness, in 20.8%. However, in patients who underwent
IOFDT and achieved optimal cytoreduction, the com-
plication rate was 11.1%, whereas in the group with
HIPEC, the complication rate was more than twice as
high (23.8%).

The analysis of the severity of complications in the
general group of patients showed that Clavien-Dindo
grade 2 was observed in 4 cases (IOFDT=2, HIPEC=2),
3a in 2 cases (IOFDT=1, HIPEC=1), 4a in 4 cases (all
HIPEC), 4b in 4 cases (all HIPEC) and death (grade 5)
occurred in 3 patients (all HIPEC). The data take into
account the combination of these complications in 9
patients. The most frequent complication was gastro-
stasis, which was registered in 6 patients and was ob-
viously associated with the removal of the omentum
completely replaced by the tumor. In 2 cases, suppu-
ration of the postoperative wound and perforation of
the small intestine were revealed. In the comparative
analysis, the complication rate in the HIPEC group
was 24%, and the IOFDT group, 9.4%. All 3 fatal cases
occurred in the HIPEC group, where the mortality rate
was 12%. The main cause of death was multiple organ
failure, its triggers being different: ileo-transverso-
anastomosis failure, pancreatic necrosis, and multiple
prolonged perforations of the small intestine. The pa-
tients underwent repeated relaparotomies, but the
lethal outcome was not avoided. It is noteworthy that
their PCl was in the range of 20-24 points, but it was
necessary to achieve optimal cytoreduction (CC1in 2
cases, CCOin 1 case) to perform HIPEC. There were no
lethal outcomes in the group with IOFDT.

Long-term results

The overall 5-year survival rate of patients in the
HIPEC group was 86.6%. The median survival rate in
the group of patients who were administered pho-
todynamic therapy as an additional intraoperative
method was 66 months, and the 5-year survival rate
was 65.2%.

Discussion

The gold standard of treatment for patients with
peritoneum pseudomyxoma is considered to be cy-
toreductive surgery with HIPEC. 5-year survival rates
range from 62 to 92.5%, with a complication rate of
25-54.8% and a mortality rate of 2-9% [9-11]. Howev-
er, these are the results in a carefully selected group
of patients. In the actual practice, when there are only
a few centers providing surgical treatment of carcino-

of patients with disseminated mucinous carcinoma of appendix

matosis in Russia, and the number of patients, despite
the extremely low incidence, is still high, we should
not limit ourselves to considering the treatment tac-
tics for such a small group. Another important point
is the contraindications to the use of hyperthermic
chemotherapy. General restrictions include age over
70, urinary system function issues, respiratory failure;
local restrictions include the need to perform optimal
cytoreduction. The penetration depth of the cytostat-
ic agent, even at 42-43°C, is limited to 3 mm. Leaving
a larger residual tumor, especially in the case of CC3,
makes this very aggressive procedure useless. There
are no approved standards for the treatment of pa-
tients with peritoneum pseudomyxoma, so a person-
alized treatment plan is selected for each patient. The
surgery must be carefully planned. CT-PCI or ultra-
sound PCl is used to determine the prevalence of the
process, the involvement of the serosa of the small
and large intestine and their mesentery, the hepato-
duodenal ligament, and the omentum sac. Based on
the accumulated experience, we believe that with a
PCl above 20 points it is not practical to plan cytore-
duction with HIPEC, since an attempt to achieve opti-
mal completeness of cytoreduction is not only ques-
tionable, but may also lead to the development of
fatal complications. The use of IOFDT as an antitumor
agent is limited by the need for exposure of the pho-
tosensitizer for 4 to 48 hours and the complexity of
the effect on the visceral peritoneum. However, there
are studies proving that the dose absorbed during
the surgical stage of treatment from the operating
theatre lamps, i. e., over at least 4 hours, corresponds
to that of laser irradiation, and the treatment in this
case is performed for both peritoneal layers [12]. In
addition, the analysis of postoperative complications
confirmed the safety of this technique and the fact
that there are nearly no contraindications to its use.
And the long-term results obtained, which take into
account the initial PCl values and significantly worse
cytoreduction indicators in the IOFDT group, make
the IOFDT method more preferable in the clinical
situation described due to the significantly lower fre-
quency of post-operative complications and the ab-
sence of mortality.

Conclusion

The philosophy of treating patients with perito-
neum pseudomyxoma involves maximum possible
removal of tumor tissue from the abdominal cavity.
Given the absence of hematogenic and lymphogenic
metastasis in this disease, it is local control that de-
termines the patient’s prognosis and quality of life.
The limited possibilities of systemic chemotherapy
for mucinous neoplasia lead to surgical aggression
and radicalism, however, the effectiveness of the
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treatment depends on a careful choice of the happy
middle ground based on a reasonable balance be-
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C NEPBUYHBIMUA U MeTaCTaTUYECKUMMN OMYXONAMYU GPIOLIMHbI. [Intraoperative fluorescence diagnostics and photodynamic
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PHOTODYNAMIC THERAPY IN THE TREATMENT
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Abstract

In the present review the authors analyzed the effectiveness of treatment of intraepithelial neoplasia I-1I-1ll of the cervix (CIN), vulva (VIN) and va-
gina (VaIN) using photodynamic therapy (PDT). PDT is a method based on exposure to light after preliminary introduction of a photosensitizer into
the body with the formation of singlet oxygen, which has a cytotoxic effect. The results of research on the use of PDT with various photosensitizers
in the complex of therapeutic measures in patients with CIN, VIN, VaIN are presented. These data on the effectiveness and safety of PDT, ease of
use allow this medical technology to be attributed to one of the most promising areas in the treatment of pathological intraepithelial changes of
the cervix, vulva and vagina. The presented information allows focusing the attention on the PDT method and informing doctors and researchers
about the broad prospects for applying this treatment method in clinical practice.

Keywords: photodynamic therapy, photosensitizer, cervical intraepithelial neoplasia, vaginal intraepithelial neoplasia, vulvar intraepithelial neo-
plasia.
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POTOOMHAMUYECKAS TEPATNA B JIEHEHNA
UHTPASIMUTEJIMATIbHBIX HEOTJTA3SUU LUEMKU MATKMU,
BYJIbBbl 1 BJTATAJIMLLLA

E.B. ®unonenko', O.M. Tpywmna', E.l. Hosukoea', H.B. 3apoueHnuesa?, O.B. PoeuHckas?,
B.N. Neanosa-Pagkesny®, A. . Kanpuu'?3

'MHUOW um. T1.A. Tepuera — dunran PIeY «HMULL pagunonorum» Munsapasa Poccuu,
Mockesa, Poccua

2IbY3 MO «Mockosckuit 06naCTHOM HAYYHO-MCCNENOBATENBCKMM MHCTUTYT AKYLLEPCTBA M
rmHekonorny Munucrepcrsa sgpasooxpaHeHus Mockoeckoi obnactm, Mocksa, Poccus
SPoccuickmit Yuusepeutet apyx6el Hapoaos, Mockea, Poccuma

Pesiome
B 0630pe nuTtepatypbl NpefcTaBneH aHanun3 3¢pHeKTUBHOCTU IEYEHNA UHTPasnuTenuanbHoln Heonnasuu I-II-Ill ctenenw wewkn matkm (CIN),
BynbBbl (VIN) 1 Bnaranuwa (ValN) ¢ ncnonbsosaHuem potognHamuyeckoin tepanuu (GAT). OAT — MeToh, OCHOBaHHbIV Ha BO3LENCTBUN CBe-
TOM MocC/e NpefABapuUTENIbHOTO BBEAEHWA B OopraHu3m ¢otoceHcmbunmsaTopa ¢ 06pa3oBaHMEM CYHITIETHOrO KMUC/IOPOAA, OKa3blBaloLLEro
LMTOTOKCUYeCKN 3hdeKT. MpeacTaBneHbl pesynbTaTbl UCCNefoBaHNI Mo ncnonbsoBaHuio OAT ¢ pasnnuHbiMK GoToceHcMbunmnsaTopamv B
Kommiekce neyebHbix meponpuaTnii y 6onbHbix ¢ CIN, VIN, ValN. MpueefeHHble AaHHble 06 3dpekTBHOCTY 1 6e30nacHocT OAT, npocToTa
NPVIMEHEHUA NO3BONAIOT fAaHHYI0 MEAVNLIMHCKYIO TEXHOMOIMIO OTHECTU K YMCiy Harnbosiee nepcrnekTUBHbIX HanpaBaeHWn B neYeHnn pasnmny-
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HOW CTeneHW BblPaXKeHHOCTU NHTPasNUTENMNabHbIX U3MEHEHWI WENKM MaTKK, ByNbBbl 11 Bnaranuiia. NpeactaBneHHas nHGopmaLya no3so-
NNT aKLieHTUpPoBaTb BHMaHMe Ha O/IT n nHGopmMrpoBaTb Bpayei 1 HayUHbIX COTPYAHWKOB O LUIMPOKMX NePCNeKTBaX NPYMeHEHNA AaHHOTo

MeTOo[a B KJIVHMYECKON NnpaKkTuke.

KnioueBble cnoBa: (I)OTOJJ,VIHaMVIlIECKaﬂ Tepanua, (I)OTOCGHCVI6VIJ'II/I3aTOp, LepBuKanbHaAa UHTPasnuTennanbHaa HeomasnaA, BnaraaniHaa nH-
TpasnuTennanbHaA Heoniasuns, By/ibBapHasa NHTPasnuTenmnaabHaA HeonaasunAa.

Anauutnposanua: unoHeHko E.B., TpywnHa O.M.,HosukosaE.l., 3apoueHueBaH.B., PoBuHckas O.B., MiBaHoBa-Papkesuy B.U., KanpuH A. 1. ®o-
ToAVHaMMYEeCKadA Tepanua B IeYEHUV MHTPASNUTENNANbHbIX HEOMA3Mii LENKM MaTKW, ByNbBbl 1 Baranuwa // Biomedical Photonics. - 2020. -

T.9,N2 4. - C.31-39. doi: 10.24931/2413-9432-2020-9-4-31-39.

KoHTakTbi: PoBuHckas O.B, osya_92@mail.ru

As doctors are trying to deal with the difficult, but
solvable task of reducing cancer morbidity and mortal-
ity, the requirements for the selection of modern opti-
mal methods of patient treatment are becoming more
rigorous. The achievements in photochemistry, photo-
biology, and quantum physics have made possible the
advances in this direction that provide alternatives to the
traditional methods of treatment; a method worth focus-
ing on among the new ones is photodynamic therapy
(PDT).

The PDT mechanism is based on the ability of some
photosensitizers (PSs) to accumulate in the tumor tis-
sue and, when interacting with light radiation of a cer-
tain wavelength, initiate the formation of singlet oxygen
through a series of photochemical processes, which has
a destructive effect on the vital structures of tumor cells,
leading to their death.- The damaging mechanism of
photodynamic effects on tumor tissues is mainly deter-
mined by the average intracellular concentration of PS,
its localization in the cell, and its photochemical activity:
the quantum yield of singlet oxygen or free radicals gen-
eration [1, 2, 3, 4].

In addition to the direct phototoxic effect on tumor
cells, an important role in the destruction mechanism is
played by impaired blood circulation in the tumor tissue
due to damage to blood vessels endothelium [5], a hy-
perthermic effect associated with active light absorption
by tumor cells, as well as cytokine reactions caused by
stimulation of the tumor necrosis factor and activation of
macrophages, leukocytes, and lymphocytes [6, 7.

The increased interest in PDT is caused by the wide
possibilities of using light radiation in oncology and
PDT's advantages over other methods of treatment, such
as low invasiveness; selectivity of destruction of malig-
nant tumors and pathological areas; minimal damage
to healthy tissue; the possibility of repeated use, as no
resistance develops after repeated cycles; the absence of
toxic and immunosuppressive reactions [8].

In oncogynecology, the method can be used for both
radical and palliative treatment, which determines its

use in women with precancerous and neoplastic diseas-
es of genital organs [9].

The increasing attention of gynecologists and on-
cogynecologists to PDT is associated with the need to
expand the range of organ preservation treatment op-
tions, which is extremely important in connection with
the steady increase in the incidence of cervical, vulvar,
and vaginal cancer in young women over the past two
decades [10]. This method meets the main character-
istics of an organ-preserving treatment, i.e., high ef-
fectiveness against the pathology, low frequency of re-
lapses after treatment, tolerability (minimal number of
side effects), and ease of administration of the treatment
[11]. However, with the advent of the viral concept of
cervical cancer, and with frequent detection of human
papillomavirus (HPV) in cervical intraepithelial neoplasia
(CIN) cases in direct proportional to the severity of the
changes (CIN I: 25%, CIN II: 80%, CIN lil: 88-100%) [12],
the identification of the viral genome in intraepithelial
neoplasias of the vagina (ValN) and vulva (VIN), respec-
tively, in 80% and 20% of cases [13], etiopathogenetic
therapy becomes the center of attention, as it is aimed
not only at the pathological process itself, but also at
HPV eradication.

To date, there are no clear recommendations in the
world for the treatment of HPV-associated intraepithe-
lial pathology of the cervix, vulva, and vagina, which
may have various degrees of severity. It has become
possible to revise the traditional treatment approaches,
taking into account the need for eradication of papillo-
mavirus infection (PVI), thanks to the accumulated expe-
rience and modern developments in the field of medical
technologies.

The specifics of the HPV life cycle are one of the de-
termining factors of the antiviral treatment effective-
ness. In the episomal form of HPV, physical methods of
treatment aimed at destroying the primary lesion or im-
munotherapy are successfully used, provided that the
duration of PVl is not more than one year and no virus
persistence is present [14]. When HPV is integrated into
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the genome of the host cell, interferon therapy is power-
less, since the infected cells contain no virus as such in
the traditional sense of the word, and, therefore, treat-
ment methods aimed at destroying viral heterotopias are
necessary [15].

PDT and CIN

The methods of treatment of CIN I-lI-lll and micro-
invasive cervical cancer (1A1 st.) based on ablation (dia-
thermic and radiocoagulation, cryodestruction, laser va-
porization) and removal (laser, electric, radio, knife exci-
sion/conization) of the primary lesion as a monotherapy
are not effective enough for the elimination of HPV, as the
effect is directed only on clinical lesions without affecting
multifocal areas with latent or subclinical form of PVI, in-
sufficient depth of destruction of the epithelial layer to
the basal layer, where the reservoir of papillomaviruses is
located, the absence of targeted destruction of papillo-
maviruses and irradiation of the transition zone and the
cervical canal, which together lead to the persistence of
the viral genome [16, 17, 18, 19]. The expression of HPV
DNA at the sites of cervical primary lesions, the necrosis
zone, the mucous membranes adjacent to the edge of
destruction or resection, and the reactivation of the viral
genome together provoke a high risk of CIN relapses in
a fairly short period of time (from 12 to 36 months), the
progression of the tumor process to preinvasive or even-
tually to microinvasive cancer (from 15 to 50%) and low
effectiveness of treatment (45- 97%) [19, 201].

The potential of PDT in the treatment of cervical can-
cer pathology has been studied since the 1990s. In on-
cogynecology, the choice of the cervix as the first model
for clinical research is explained by the relevance of the
outcomes, and the development and implementation
of new approaches to the prevention and treatment of
cervical cancer. The incidence of the disease has been
growing in a number of countries over the past two de-
cades. Another reason is the availability of visual and
non-invasive research methods. Some studies examined
the issues related to the pharmacokinetics of exogenous
and endogenous PS chemicals, the development of sci-
entifically based methodological approaches to PDT
with the use of Russian-made pharmaceuticals of vari-
ous groups in achieving the antitumor and antiviral ef-
fect, depending on the severity of intraepithelial cervical
changes: laser irradiation modes; the choice of PS and
methods of administration (local, systemic); calculation
of the light dose and the method of radiation delivery to
abnormal tissues [21, 22].

The results of the use of PDT in the treatment of cer-
vical tumor pathology were first published in 1996. In
the study, attempts were made to optimize PDT regi-
mens in the treatment of non-invasive cervical cancer
with intravenous administration of photofrin in order to
achieve complete regression. A positive effect was reg-

istered in 62% of clinical observations at a light dose of
100-140 J/cm? PDT of the cervix with non-invasive tu-
mor changes is decribed as an organ-sparing treatment
method [23].

Promising results of PDT in the treatment of CIN I-1I-IlI
were obtained with topical application of aminolevulin-
ic acid hexyl ether (HAL) and the use of a light dose of
100 J/cm? and a laser wavelength of 633 nm. The stud-
ies related to the pharmacokinetics and selectivity of
porphyrins established the optimal concentration of the
drug (10 mmol/l) and the exposure time (5-9 h). This
methodological approach made it possible to achieve
a complete regression in 63% cases, with the best treat-
ment results obtained in cases with minimal cervical
changes: 100% for CIN |, 50% for CIN I, and 43% for CIN Ill
[24].

PDT with photohem at a dose of 2 mg per kg of body
weight with intravenous administration, a light dose of
100-150 J/cm?, and exposure time of 24 h led to com-
plete regression of CIN II-lll in 93% of cases, which indi-
cates the method’s high effectiveness in antitumor treat-
ment. Photoreduction with photohem is proposed as a
fertility-preserving method, an alternative to destructive
treatment of the cervix [25].

The prospects of PDT in the treatment of CIN II-ll in
comparison with traditional methods were demon-
strated with photolon (0.5% aqueous solution), leading
to complete regression of cervical pathology in 65% of
women, with intravenous administration of the drug, an
exposure time of 2.5 hours, laser radiation wavelength of
662 nm and radiation power density of 100-300 W/cm?*
The authors found that errors in the calculation of the
light dose, which is particularly important in achieving
maximum photodynamic destruction, can lead to a lack
of response to treatment, or, on the contrary, to pro-
nounced destructive changes in the tissues in the PDT
area, which in turn leads to prolonged wound healing,
rough scarring, and longer rehabilitation periods [26].

Another study conducted in the framework of
phase Il clinical trials of radachlorin, a photosensitizer
produced in the Russian Federation, describes the re-
sults of PDT in patients with precancerous conditions
and initial cervical cancer. The study included 30 pa-
tients: 4 with cervical ectopia, 5 with CIN II, 13 with
CIN 1ll, 4 with carcinoma in situ, and 4 with stage la
cervical cancer. The PDT session involved irradiation of
the entire cervical canal and the vaginal portion of the
cervix. In the groups diagnosed with cervical ectopia,
CIN I, and carcinoma in situ, complete regression was
registered in all cases. In the group with CIN Ill, com-
plete regression was obtained in 77% of cases, partial
regression, in 23%; in the group with a diagnosis of
stage la cervical cancer, in 75% and 25%, respectively.
All patients with partial regression underwent a second
course of PDT, which had a full effect [27].
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The ability of PDT to provide not only a pronounced
antitumor effect but also antiviral effect as an indepen-
dent method of treatment has recently attracted signifi-
cant attention to the method. One of the first publica-
tions on this subject was a study performed on a large
clinical material in women with HPV-associated precan-
cerous and initial tumor changes in the cervix; treatment
was performed with photohem (intravenous adminis-
tration, dose: 3.0 mg per kilo of body weight, exposure
time: 48 h, wavelength: 630 nm, energy density: 150-
200 J/cm?, power: 150-250 MW/cm?) and photosense
(intravenous administration, dose: 0.3 mg per kg of body
weight, exposure time: 24 h, wavelength: 675 nm, energy
density: 100-150 J/cm?, power: 150-250 MW/cm?) [28].
The difference between the developed PDT technique
and other variants of photodynamic destruction of the
cervix is the use of polypositional irradiation of the cervi-
cal canal throughout the entire area of the vaginal por-
tion of the cervix. The authors believe that this approach
makes it possible to selectively destroy the foci of pre-
cancerous and initial tumor pathology in 90-92.5% and
77.7-80.7%, respectively, and to achieve an antiviral ef-
fect due to the destruction of clinical, latent and subclini-
cal forms of PVl in 94.2% of cases. Based on the results
of the study, it is possible to see PDT as the minimalistic
option of organ-sparing treatment, which is of great in-
terest in the light of the proven etiological role of HPV in
the development of cervical cancer.

The antiviral effect of PDT has created a new direc-
tion towards solving the urgent problem of prevent-
ing relapses of HPV-associated CIN and cervical cancer.
The treatment method that consists of local application
of a Russian-made pharmaceutical product based on
5-aminolevulinic acid (5-ALA), an inducer of the synthe-
sis of protoporphyrin IX, an endogenous photosensi-
tizer (dose: 0.1 mg/cm?, exposure time: 6 h, wavelength:
635 nm, energy density: 150 J/cm? power density:
150-250 MW/cm?), allows achieving complete eradica-
tion of PVI after primary organ-preserving treatment in
96% of cases. HPV elimination is caused by irradiation of
the remaining part of the cervical canal and the vaginal
portion of the cervical stump after conization with the
polypositional effect of light energy on the resection
zone, the exposure involving the vaginal arches. PDT is
recommended for antiviral purposes at the second stage
of treatment after knife amputation, laser, electric and ra-
diowave cone excision/conization of the cervix, as well
as as an alternative to diathermal and radiocoagulation,
cryodestruction, and laser vaporization in the treatment
of cervical PVI [29].

A number of studies in subsequent years evaluated
the antitumor and antiviral efficacy of PDT in the treat-
ment of CIN I-ll-lll with photosensitizers of various
groups.

M. C. Choi et al. (2013), in their study where they used

photohem as a PS in patients with HPV+ CIN II-Ill (in-
travenous administration, dose: 3.0 mg per kg of body
weight, exposure time: 48 h, wavelength: 630 nm, energy
density: 150 J/cm?), complete regression was observed in
98.1%, and HPV eradication in 89.8% of the cases [30].

P. Hillemanns et al. (2014), in PDT of CIN II, used hexyl
aminolevulinate in various concentrations (5%, 1%, and
0.2%) as an ointment application on ectocervix (exposure
time 5 h, radiation wavelength 629 nm, energy density
100 J/cm?). To assess the antitumor effect of treatment,
a cervical biopsy was performed 3 and 6 months after
the treatment. The best results in terms of CIN Il com-
plete regression were found in observations with a 5%
concentration of the drug (95%), in other cases, this in-
dicator was 79% and did not depend on the concentra-
tion. The best results in terms of complete eradication of
HPV were registered in cases of 5% ointment application
(83%), with the use of lower concentrations of the prod-
uct (1% and 0.1%), complete eradication of HPV was not-
ed only in 48% and 42% of cases, respectively. Thus, the
antiviral effectiveness of hexyl aminolevulinate is directly
dependent on the concentration of the product. The in-
dex of viral elimination is less high in comparison with
the data published by other researchers, which may well
be due to the absence of photo-radiation of the cervical
canal [31].

Y.K. Park et al. (2016) also indicate high antitumor and
antiviral efficacy of PDT with photofrin (intravenous ad-
ministration, dose: 2 mg per kg of body weight, exposure
time: 5 h, radiation wavelength: 629 nm, energy density:
100 J/cm?) in the treatment of CIN I[I-Ill. Photodestruc-
tion was performed on both exocervix and endocervix.
Complete regression of intraepithelial pathologic chang-
es and HPV elimination were achieved in 95 and 90.9%,
respectively [32].

H.Cai et al. (2020) report a complete regression
of CIN I-II-lll in 100% of cases, while HPV eradication
was observed in 83.3% of cases after 4-7 PDT sessions
with 5-ALA in the form of 20% ointment application on
exocervix (exposure time: 3 h, radiation wavelength:
635 nm, energy density: 100 J/cm? power density:
80 MW/cm?). The effect of the treatment was evaluated
after 6-7 months by a loop electrosurgical excision. The
results of the study indicate the need for endocervix irra-
diation in order to achieve a pronounced antiviral effect
[33].

PDT and VIN

Publications in the Russian and foreign literature de-
voted to PDT in background diseases, precancerous con-
ditions, and initial vulvar cancer are few and limited to a
small number of clinical observations. Early detection and
treatment of diseases of this localization is still one of the
most pressing issues of gynecology and oncogynecol-
ogy. The possibilities to prevent the development of a tu-
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mor and cure pre-cancerous changes in the tissues exist,
which urges active research for new effective treatment
methods and their further development. In the past, vul-
var intraepithelial neoplasia (VIN) was considered a pa-
thology of women aged over 40, but in recent years, the
condition is increasingly more often diagnosed in younger
women (aged 25-40). A direct correlation was established
between the presence of types 16 and 18 HPV in vulvar tis-
sues and VIN in young women [34, 35].

Treatment options for dystrophic diseases of the vul-
va are extremely diverse, which is explained by their low
effectiveness, as well as by the recurrent nature of the
disease. The methods of treatment include conservative
and surgical ones. The first treatment option includes
hormone therapy, but it should be noted that it does not
actually cure but only eliminates the symptoms of the
disease and promotes a temporary remission. Surgical
methods include cryodestruction, laser vaporization, and
surgical excision of lesions. Unfortunately, the relapse
rate after such treatment is high, as well as scar tissue de-
formity, which forces doctors to look for new therapies
that combine the optimal therapeutic effect and the ab-
sence of complications [36]. One of the latest approaches
to the vulvar pathology treatment is PDT. The potential
of the method in the treatment of VIN is due to its non-
invasive nature and its wide applicability [37, 38].

In one of the first studies that evaluated the effective-
ness of PDT in the treatment of background and precan-
cerous diseases of the vulva with the use of 5-ALA in the
form of 20% ointment application, the following treat-
ment modes were used: exposure time: 6 h, radiation
wavelength: 629 nm, energy density: 100 J/cm? power
density: 100-200 MW/cm?* Patients with dystrophic
changes of the vulva (lichen sclerosis, squamous cell hy-
perplasia) were administered two courses of PDT with
an interval of 30 days, while patients with VIN I-lll had
2- 3 courses of treatment. In the group of women with
lichen sclerosis, the positive effect of treatment, estab-
lished on the basis of the disappearance of itching and
dryness, and the achievement of more elasticity and soft-
ness of the skin on the labia majora, was noted in 85% of
patients. Complete regression of hyperplastic processes
of the vulva was diagnosed in 100% of cases, the outcome
of treatment remained after 1, 3 and 6 months. High ef-
ficiency of PDT was observed in the vulva irradiation
with VIN I-lI-lll phenomena. Control histological exami-
nations performed after 1 month in all cases with VIN -
did not reveal epithelial atypia, whereas in 60% of wom-
en with VIN Ill, the condition regressed to VIN I-II, which
was regarded as an indication for another course of PDT;
such course then demonstrated complete effectiveness.
No relapses of the disease during one year after the
treatment were noted, and a good cosmetic effect was
achieved, which is of great importance for young and
middle-aged patients [39].

In another study, in which 50 patients with vulvar
leukoplakia underwent PDT with photolon (intravenous
administration, dose 1,8-2.5 mg per kg of body weight,
exposure time: 2.5-3 h, radiation wavelength: 661 nm,
energy density: 30-100 J/cm?, radiation power density:
100-170 MW/cm?) a high cure rate, 92%, was established
after 3 months. The results of the study allow us to make
conclusions on the possibility of the use of this method-
ological approach in the treatment of background dis-
eases of the vulva to achieve satisfactory functional and
cosmetic results [40].

A similar satisfactory effect from treatment was reg-
istered after 3 courses of PDT with 5-ALA (20% ointment,
exposure time: 3 h, radiation wavelength: 633 nm, energy
density: 120 J/cm? power density: 100 MW/cm?) in the
treatment of VIN lll. Complete regression for 12 months
was established in 94%, and a good cosmetic result was
observed in 71% of cases. A significant improvement in
the quality of life and mental health was observed in all
patients [41].

The lower effectiveness of PDT with 5-ALA in the
treatment of VIN lI-Ill is indicated in three studies. In
two of them, when applied topically, as 10 g of ointment
(exposure time: 2.6 h, radiation wavelength: 635 nm, en-
ergy density: 116 J/cm? (+/- 16 J/cm?), power density:
100 MW/cm? (88 +/-17 MW/cm?) and 10 ml of 20% oint-
ment (exposure time: 3 h, radiation wavelength: 635 nm,
energy density: 100 J/cm? power density: 100 MW/cm?).
complete regression over a short observation period of
8 weeks and 12 weeks, respectively, was established, in
57% [42], and 52% of cases [43]. In the third study, when
5-ALA was used in the form of a patch (38 mg/cm?, expo-
sure time: 20-28 minutes, radiation wavelength: 630 nm,
energy density: 100 J/cm?), a positive effect of PDT was
registered in 38% of observations [44].

PDT and ValN

The PDT method in the treatment of ValN is in its ini-
tial stage, and, therefore, there are no clear recommenda-
tions for its widespread implementation in clinical prac-
tice. At the moment, there are only a few studies describ-
ing this technique, but the sample of patients is too small
for the results to be convincing [45].

In a combined study aimed at evaluating the effec-
tiveness of PDT in the treatment of VIN [I-Ill and VIN II-llI
with the use of photohem at a dose of 2 mg per kg of
body weight (exposure time: 48 h, radiation wavelength:
630 nm, energy density: 150 J/cm?), complete regression
was established in 3 out of 5 patients after 3 months. In
2 patients, a partial effect was observed, in connection
with which one patient underwent a vulvectomy, and the
other underwent a second course of PDT with 5-ALA in
the form of ointment application. In two cases with com-
plete regression, there was a relapse of VIN Ill and VIN Il
one year after the treatment. Cutaneous phototoxicity
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and facial edema, which was regarded as a side effect
of treatment, were observed in one patient. The authors
concluded that PDT is effective as an alternative method
of treating precancerous lesions of the lower parts of the
female genital organs, with normal anatomy and sexual
function of the organs maintained [46].

Another study published in 2020 compared the effec-
tiveness of combined treatment (CO2 laser + PDT) and
CO2 laser monotherapy in the treatment of 40 patients
with HPV-associated VAIN I. In the first group (n=20),
treatment was carried out with one course of CO2 laser
and three courses of PDT with 5-ALA (topical 20% gel, ex-
posure time: 3 h, laser wavelength: 635 nm, energy densi-
ty: 100-150 J/cm?, interval: 1 week). In the second group
(n=20), 3 procedures were performed with a CO2 laser. In
the group of patients who received combined treatment,
complete regression was 85%, the frequency of com-
plete eradication of HPV was — 95%, whereas in the sec-
ond group it was - 65% and 25%, respectively. The data
obtained suggest that the inclusion of PDT in the treat-
ment of HPV-associated ValN | improves the outcome in
terms of complete regression and eradication of the viral
genome. The method is safe and well-tolerated by the
patients [47].

Thus, the analysis of the presented PDT results
showed their high practical significance. It is important
to emphasize the following facts.

PDT for precancers and primary cancers of the cervix,
vulva, and vagina is the minimalist option of organ-spar-
ing treatment, an alternative to surgical methods with
the preservation of the anatomical and functional integ-
rity of the organs, which is important for the implementa-
tion of reproductive function.
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