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Abstract

We presented the preliminary results of sentinel lymph node biopsy (SLN) using the method of fluorescent visualization with the indocyanine
green. The study included 40 breast cancer patients with the prevalence of the cTis-2NOMO process. 1 ml of Indocyanine Green (ICG) aqueous
solution was administered periareolarly and subcutaneously from the tumor side with total drug dose of 5 mg. In the following few minutes the
ICG trail along the lymphatic vessels was observed by its fluorescence in the infrared spectral range using a special camera with image transmit-
ted to a computer screen. After the trail reached the axillary region and broke off, skin and subcutaneous tissue incision in axillary area was made,
and the superficial fascia was dissected. The first contrasted lymph nodes were extracted. The incidence of SLN was 92.5%. Metastases were
detected in 20% of cases. On average, it took 17.6 minutes to identify and remove the SLN. In 7 patients the use of the fluorescent SLN detection
method was combined with radioisotope (Technefite *Tc colloid) - in all cases the same SLN was identified. The use of the ICG lymphotropic
dye with the subsequent detection of SLN by the fluorescence method makes it possible to diagnose the status of SLN with a high degree of
accuracy and can be comparable in effectiveness with the isotopic method. The specificities of lymphatic drainage were found out with the
use of fluorescence lymphography: inverse dependence of the lymphatic drainage rate on the body mass index and breast size, and absence of
dependence on degree of ptosis of breast.
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BUOMNCUNA CTOPOXEBOIO JIMMDPATHUHECKOTO Y3NA
[MPU PAKE MOJIOYHOWU XEJIE3bl C MPUMEHEHUEM
METOOA ®JTYOPECLUEHTHOU BU3YATIM3ALUNU
KPACUTENA MHOOUMNAHWH 3EJIEHBIN

A.L. 3ukupsxogxaes, 3.K. Capubeksn, [1.B. bargacapoea, J1.E. Manuwaea,
®.H. Ycos, M.B. Crapkoea
MHUNOMWM um. TN.A. Tepuera — dunman PIeY «HMUL, paanonorum» Munsapasa Poccum,

Mocksa, Poccus

Pesiome
B paboTe npefcTaBeHbl pe3ynbTaThl MCCNe[OBaHUA GUONCMU CTOPOXEBOro umdaTuyeckoro ysna (CJ1Y) ¢ nomouiblo meTofa pnyopec-
LieHTHOW BU3yanun3aummn KpacuTens NHAOUMaHWH 3eneHbli. B nuccneposaHve 6binv BKoYeHbl 40 NaLMeHTOK C pakKoM MOJIOYHOW »ene3bl
C pacnpocTpaHeHHOCTbo npouecca cTis-2NOMO. 1 Mn BOJHOro pacTBopa Kpacutensa MHAOLMAHWHA 3eSIeHblil BBOAMN NepUapeonsipHo
BHYTPUKOXHO U MOAKOXHO CO CTOPOHbI OMyXOSIN B A03€ aKTVBHOIO BELEeCcTBa 5 Mr. B 6nvKaiiune MUHYTbI Habnoganm ABMKeHNE Kpa-
cuTens no NMMAGaTUYECcKM MyTAM B BUAE <AOPOXKKM» CMOCO6oM driyopecLleHLn B MHPPAKPAaCHOM CMEKTPE C MOMOLLbIO CMELNanbHOM
Kamepbl C Nepefayen n3obpakeHnsa Ha SKpaH KomnbtoTepa. Mocne Toro, Kak JOpoXKKa NOAXOANIA K MOAMBILLEYHON 061acT 1 06pbIBanach,
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NPOU3BOAUIN pa3pe3 KOXM 1 MOJKOXKHON KNeTyaTKn B MOAMbILIEYHOM 0651acTI, paccekany NoBepXHOCTHYIO dpacuuio. Boigenanu nepsble
KOHTpAcTUpOBaHHble numdaTtnyeckne y3nbl. Yactota BbigBneHus CJ1Y coctaBuna 92,5%, U3 HUX MeTacTasbl BbisiBfieHbl B 20% cnyuasx. B
cpepHeMm Ha 3Tan naeHTuduKaummn u yaanenusa CIY yxoamno 17,6 MuH. Y 7 6051bHbIX KOMOUHUPOBaNV NpYIMeHeHne MeTofa GprnyopecLeHT-
Horo (kpacutenb ICG) onpepeneHus CJ1Y ¢ pagrnounsoTonHbim (Konnonug TexHedut *mTc) — Bo Bcex ciiyyasnx MAeHTUGULNPOBANN OFHU U Te
xe CJ1Y. MpumeHeHvie TMMGOTPONHOro KpacuTens MHAOUMAHUHA 3e/1eHOro C nocsiegyowmm BoiasneHnem CJ1Y metogom dnyopecueHumm
NMO3BOJIAET C BbICOKOW CTEMEHbIO TOYHOCTU AUArHOCTNPOBaTh cocToAHne CJTY, a Takke ConocTaBMmo no 3GpPEKTUBHOCTY C U3OTOMHbIM Me-
TOLOM. BbisiBfieHbl 0CO6EHHOCTY NMMMbOOTTOKA B MOJIOYHOW XeJle3e C NoMoLLbio driyopecLeHTHON numdorpadum: obpaTHas 3aBUCMMOCTb
CKOPOCTU NMMGOOTTOKA OT MHAEKCA MacChl TeNla 1 pa3Mepa MOJIOYHOM Xene3bl, OTCYTCTBUE 3aBUCMMOCTM OT CTEMEHU NTO3a »KeJe3bl.

KnioueBble cnoBa: pak MONIOYHON »KeJle3bl, BUoNcrsa CTOPOXKEBOro NMMdaTUUECKOrO y311a, GiyopecLeHTHas Tumborpadus, NHLoLMaHNH
3eJIeHblN.
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Introduction

Sentinel lymph node biopsy is an objective diagnos-
tic criterion that allows for assessing the extent of the
malignant process and plays a key role in the treatment
of patients with early breast cancer [1]. The “sentinel”
lymph node (SLN) is the node that is the first on the path
of lymph outflow from the organ under investigation;
the term was introduced by L. R. Braithwaite, a British
scientist, in 1923 [2]. The presence or absence of metas-
tases in it determines the required scope of lymphodis-
section. The absence of metastasis in the SLN makes
it possible to predict the absence of metastases in the
remaining lymph nodes of the axillary and subclavian
tissue in more than 90% of cases, and not to perform a
full regional lymphadenectomy, a surgery that often re-
sults in complications such as long-term lymphorrhea,
secondary infection, lymphedema of the arm, impaired
limb function and the development of post-mastectomy
syndrome [3, 4].

Currently, there are two main methods for detecting
and identifying SLN, which use different lymphography
techniques: the use of a radiopharmaceutical agent or
fluorescent dye. These methods can be used in combi-
nation [5, 6]. The isotope method for determining SLN
in breast cancer has been used since the late 1990s [7,
8]. This method is well studied and was presented in
many publications, both foreign and Russian [9-13]. The
method is based on the selective ability of unchanged
reticular-endothelial cells of the lymph nodes to capture
radionuclide-labeled colloidal particles coming with
lymph from the tissue depot after their introduction. As
arule, a solution of sodium pertechnetate, *™Ts from the
technetium-99m generator and lyophilizate is used, 1T ml
of which is injected peritumorally or periareolarly into
the tumor projection zone. To assess the state of region-
al lymphatic collectors and search for “sentinel” lymph
nodes, scintigraphy is performed with the use of a stan-

dard tomographic gamma camera. During an intraop-
erative search for SLN, a portable gamma scanner (Gam-
maFinder I, etc.) is used, with the possibility of contact
detection of the radioactivity level in the lymph nodes
in question. When an SLN is identified, it is removed and
undergoes urgent diagnostics with the ise of histologi-
cal or cytological methods [14]. The method of using a
radioisotope colloid has a fairly high SLN detection rate,
which varies from 91% to 97% [15]. The indicators of sen-
sitivity, specificity, and accuracy are 83.3%, 100%, and
94%, respectively [16]. According to one of the main me-
ta-analyses published in 2006, which included data from
8,059 patients who underwent SLN biopsy with the use
of only the radioisotope method, the average SLN detec-
tion rate was 97%, and the average false-negative result
was 7.4% [15]. The use of a combination of radioisotope
colloid and blue dye methods led to an improvement in
detection indicators (OR = 2.03, 95% Cl 1.53-2.69, P <
0.05). And the false negative result indicator for a com-
bination of two methods does not change significantly
and is 7.5% (95% Cl 4.8-11.5%) [16].

The method of determining SLN with fluorescent
lymphography is relatively new: the first publication on
its application appeared in 1999 [17]. SLN biopsy with the
use of a fluorescent dye is a convenient and safe intraop-
erative method for assessing the condition of the lymph
nodes, the main disadvantage of which is the rapid pas-
sage of the dye, which places great demands on the ex-
perience of the surgeon. The dye currently used is a fluo-
rescent agent indocyanine green (ICG), the distribution
of which along the lymphatic pathways is determined by
fluorescence in the infrared spectrum of radiation. In a
meta-analysis published by T. Sugie et al. in 2016, it was
confirmed that the accuracy indicators for determining
SLN with the use of the ICG method and the method with
a radioisotope colloid do not differ [18].
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In Russia, a minor-scale experience of the use of ICG
is represented by the work of S. M. Portnoy et al. The
study included 81 patients with stage 0-lll breast cancer.
SLNs were detected in 75 patients (93%) and not found
in 6 observations. In the first group, which included 8
patients with breast cancer cTisNOMO, SLN was found
in 7, all of them without metastatic lesions. In the sec-
ond group, which included 56 patients with cT1-4NOMO
breast cancer, SLN was detected in 54 (96%) patients,
among which metastases in the SLN were detected in
15 (28%) cases. A false negative result was obtained in
2 (4%) out of 54 cases. In the third group, consisting of
17 patients with cT1-4N1-3MO breast cancer after effec-
tive systemic therapy with undetectable regional metas-
tases, SLN was detected in 14 (82%) patients, while in 5
(36%) cases metastases were detected in the SLN. False-
negative results were found in 2 (14%) of 14 patients. The
fluorescence was performed with the Photo dynamic eye
camera (Hamamatsu, Japan) [19].

In this study, we have explored the possibility of de-
termining SLN with the technique of fluorescent lym-
phography based on the indocyanin green dye and SPY
2000 device. The difference between the method used
and other systems of fluorescent intraoperative naviga-
tion is the use of a laser radiation source operating in a
narrow-band range of 805 nm at the peak of absorption
of fluorescent contrast.

Research and biopsy of the sentinel lymph node is
currently a necessary procedure in the treatment and
diagnostic process, which corresponds to international
clinical recommendations (NCCN, ESSMO, etc.), as well as
the recommendations of the Association of Oncologists
of Russia. The use of fluorescent lymphography with dye
has a significant advantage over the isotope method as
it does not involve the risks of radiation, and there is also
no need to comply with the numerous standards and
conditions or to bear the costs related to the materials
and technology as it is required when working with radio
sources.

Materials and methods

The study involved 40 patients, including 7 people
with cTisNOMO process prevalence, 20 people with
cTTINOMO, 13 people with cT2NOMO. The patients’ age
ranged from 34 to 80 years, averaging 52.8. The body
mass index (BMI) was calculated by the formula: BMI
= m/h? where m is the patient’s body weight (kg), h is
the patient’s(m). BMI values were determined accord-
ing to the generally accepted scale: the normal BMI
range is 18.5-25 kg/m?, 25-29.9 kg/m? means the per-
son is overweight, 30-34.9 kg/m? is | degree of obesity;
35-39.9 kg/m? is |l degree of obesity; more than 40 kg/
m? is lll degree of obesity. The body mass index of the
patients included in the study ranged from 18.0 to 38.9,
with the body mass deficit registered in 2 people, the

Puc. 1. NMepunapeonspHoe BBeAeHMe pacTBopa MHAOUMAHMHA
3e/1eHoro

Fig. 1. Periareolar injection of Indocyanine green

normal weightin 21, 10 of the women were overweight,
and obesity of I-1ll degree was observed in 7 women in
the sample. In terms of the size of the mammary glands
(by bra number), the distribution of the women was as
follows: 12 women with small breast size (No. 1, 2), 22
women with medium size (No. 3, 4), and 6 women with
large size (No. 5, 6). As the first stage of treatment, all
patients underwent organ-preserving surgery or sub-
cutaneous mastectomy with endoprosthesis recon-
struction, with SLN biopsy. Indocyanine green (ICG) was
used as a staining agent. The agent emits fluorescent
radiation when exposed to light in the near-infrared
range of about 820 nm. The dye is supplied in a 25 mg
bottle.

Puc. 2. dnyopecueHTHasn «4OpPOXKKa» Ha IKpaHe annapaTta
SP-2000
Fig. 2. Fluorescent “trace” on the screen of SP-2000
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Before the procedure, the contents of the vial were
dissolved in 5 ml of water for injection. Next, a G30 thick-
ness needle was used to draw 1 ml of the resulting solu-
tion into a U100 insulin syringe. After the patient was put
under general anaesthetic, 1 ml of ICG solution (5 mg/ml)
was administered periareolarly, subcutaneously (Fig. 1).
Then, for 10 seconds, manual massage of the breast was
performed (5-7 circular movements) at the injection site,
which provided an increase in pressure in the tissues and
contributed to faster penetration of the drug into the
lymphatic vessels. A few minutes later, with the operat-
ing room light turned off, the dye movement along the
lymphatic pathways was detected by fluorescence in the
infrared spectrum, which was achieved with a laser radia-
tion source with a wavelength of 805 nm, SPY 2000 de-
vice (Novadaq Technologies Inc., Canada) with a special
camera, which made it possible to see the image of the
fluorescent “track” on a computer screen (Fig. 2). After
the “path” approached the axillary area and broke off, an
incision of the skin and subcutaneous tissue was made
in the projection of the “break” in the axillary area, the
superficial fascia was dissected, and contrasted lymph
nodes were isolated with surgical instruments (Fig. 3, 4).
The isolated lymph nodes were removed and cut along
the length in 2-3 parallel planes, depending on their size
(Fig. 5). Scrapings were taken from the surfaces of lymph
nodes and placed on the slides, stained with hematox-
ylin-eosin, followed by an urgent cytological study, the
results of which resolved the question of whether to per-
form lymphodissection. Upon detection of metastases,
regional (axillary) lymph node dissection was performed
. A revision of cellular tissue of the subclavian zone was
performed. In the absence of suspicious areas, the sub-
clavian tissue with lymph nodes was preserved. Statisti-
cal processing of the obtained results was performed by
STATISTICA supplied by StatSoft, Inc. (2014).

Results

The method of determining the SLN with ICG agent
was used on 40 patients. The rate of SLN detection was
92.5% of the cases (37 patients) (p<0.0047). Metastases
were detected in 20% of cases (8 patients) (p<0.0016),
of which in 6 cases, as a result of urgent intraoperative
cytological examination, in 2 cases, by planned histo-
logical examination (false negative result). All patients
identified with metastasis underwent level | or Il lymph
node dissection. The metastatic focus looked like a whit-
ish area on the green plane of the stained lymph node. In
4 observations (10%), the dye fluorescence was present
not only in the SLN, but also in the usual area of axillary
cellular tissue. Skin pigmentation at the site of dye ad-
ministration remained from several hours to 2 days. No
local or general reactions were observed. On average, it
took 17.6 minutes to identify and remove the SLN, and
the time was further reduced due to sufficient practice

Puc. 3. Pa3pes KOXU U NOAKOXKHO-KUPOBOI KNeT4aTK1 B
aKcunnsapHou oébnactun
Fig. 3. Skin and subcutaneous tissue incision in axillary area

Puc. 4. CTopoxkeBoit TMMbaTUYE€CKUI y3€e/ C HaKOMJIEHHbIM
WHAOLMAHMHOM 3€NEHbIM
Fig. 4. Sentinel lymph node with accumulated Indocyanine green

Puc. 5. CtopoxkeBoi numdaTnyeckuii ysen Ha paspese
Fig. 5. Dissected sentinel lymph node
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with the technique. The waiting period for an urgent cy-
tological response was 15-20 minutes. Special attention
was paid to the time of the appearance and development
of the “track” of the dye movement. In the vast majority of
cases (92%), the dye was distributed along a single radial
main path running in the direction from the areola to the
area of the axillary collector. A rare finding was a reticular
type of lymph outflow (4%) with a dominant direction to
the axillary area.

In 3 (7.5%) observations, it was not possible to trace
the path of the lymph flow due to the absence of a
dominant pathway. Of these, in 1 case, a marked SLN
was detected, despite the absence of a dye path lead-
ing to it. In one more observation, the fluorescent focus
in the axillary region was found to be a section of axil-
lary fiber without a lymph node. The distance from the
ICG injection site to the axillary area varied from 9 to 24
cm, with an average of 15.2 cm. In 65% of the observa-
tions, the track developed and reached the axillary area
within 2 to 6 minutes. The maximum time was 21 min-
utes. The rate of ICG spread had an inverse correlation
with the body mass index (6.1 minutes for the normal
BMI versus 8.3 minutes for overweight persons) and the
size of the breast (p<0.005), and demonstrated almost no
dependence of the path length, i. e., the distance from
the areola to the axillary area and the degree of breast
ptosis. In other words, ICG was slower to reach and accu-
mulate in women with excessive fat development, i.e. in
cases where a less developed lymphatic drainage system
can be expected. In 8 randomly selected patients, for the
purpose of double simultaneous control, the use of the
fluorescent (ICG dye) method for determining SLN was
combined with the use of a radioisotope (Technefit #™Tc
colloid). The same SLNs were identified in all the obser-
vations. In one case, it was not possible to identify the
SLN, since no accumulation of either radiopharmaceuti-
cal or dye was detected. This case is of particular interest,
as it further confirms the objectivity and comparability of
both methods for determining SLN.

Discussion
The high accuracy of SLN determination with a fluo-
rescent dye makes the technique the method of choice.
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MICROBIOLOGICAL STUDY OF THE EFFICIENCY
OF ROOT CANAL TREATMENT WITH ER:YAG LASER

Razumova S.N., Brago A.S., Barakat H.B., Kozlova Yu.S., Velichko E.V., Vasiliev Yu.L.
Peoples Friendship University of Russia (RUDN university), Moscow, Russia

Abstract

Mechanical and drug treatment of the root canal are the most important components of the success of endodontic treatment. This work presents
the results on the effectiveness of the root canal disinfection using an erbium laser in combination with a 17% solution of ethylenediaminetet-
raacetic acid (EDTA) in vitro and in clinical studies. An in vitro study was carried out on removed intact teeth infected with strains of Enterococcus
faecalis, Streptococcus sanguinis, and Candida albicans. An experimental group of teeth was treated medically according to a standard protocol
using 3% solution of sodium hypochlorite and 17% solution of EDTA followed by irradiation with erbium laser. The control group was treated
similarly but without laser irradiation. The treatment effectiveness was evaluated by the reduction of CFU. After the treatment, in the control
group after the mechanical and drug treatment, the CFU amount lowered by 4 times, while the complete sterilization was observed in the ex-
perimental group. The clinical studies included two groups of 35 patients each diagnosed with chronic periodontitis. In the experimental group
of patients, at the final stage, treatment with erbium laser for 1 min using endodontic piece (40 mJ power, 2940 nm wavelength, 10 Hz pulse rate)
and a 17% EDTA solution was performed before filling. Periodontitis treatment in the control group was carried out without the laser treatment.
The control group of patients saw the reduction on CFU after the mechanical and drug treatment by 3-6 times, while the experimental group
achieved the complete sterilization of the root canals. The obtained results prove that the modification of the root canal treatment by the inclu-
sion of erbium laser irradiation is a promising direction in endodontics.

Keywords: erbium laser (Er:YAG), laser-activated irrigation, endodontic treatment, microbiological study, root canal.
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MUKPOBNOJTIOTMHECKOE MCCITEJOBAHME
DPDEKTUBHOCTU OBPABOTKU KOPHEBOTO
KAHAJ1A 9PBUEBBIM JTASEPOM

C.H. Pasymosa, A.C. bparo, X.b. bapakar, O.C. Koznosa, 3.B. Bennuko, IO.J1. Bacunses
Poccurckuit ynusepcntet apyx6sl Hapoaos, Mocksa, Poccus

Pesiome

MexaHunyeckasa 1 megmKameHTo3Hasa 06paboTKa KOPHEBOrO KaHasa — Ba)KHeNLW e CoCTaBAALWYMe yCnexa SHLO0A0HTMYECKOrO leyeHus. B
cTaTbe NpefCcTaBlieHbl Pe3yNbTaTbl MCCIEAOBAHNA 3PDEKTUBHOCTM Ae3UHPEKLIMOHHON 06paboTKN KOPHEBOro KaHana 17%-biM pacTBo-
POM 3TUNIEHANAMUHTETPAYKCYCHOM KncnoTbl (SATA) B coueTaHnm ¢ 3p6uesbim nazepom (Er:YAG) in vitro v B KNMHUYECKNX UCCIIeJOBaHUSAX.
WccnenoBaHue in vitro BbINOMHEHO HAa MHTAKTHbIX YAANIEHHbIX 3y6ax, UHGMLMPOBAHHbIX WTaMMamu Enterococcus faecalis, Streptococcus san-
guinis n Candida albicans. OnbiTHYt0 rpynny 3y60B 06pabaTbiBany MeMKaMeHTO3HO MO CTaHAAPTHOMY NPOTOKOJY C UCMOofb3oBaHeM 3%-
ro pacTBopa runoxaoputa Hatpua u 17%-ro pactsopa ATA ¢ nocneaywwmm obnyyeHmem sp6veBbim nazepom. O6paboTKy KOHTPOSIbHOW
rpynmnbl 3y60B NPOBOAMIIM aHANIOTMYHbIM 06Pa3oMm, HO 6e3 061yueHUs nazepom. IPeKTUBHOCTb 06PABOTKM OLIEHMBANN MO YMEHbLIEHWIO
Tutpa KOE. B koHTponbHoM rpynmne TuTp KOE nocne MexaHMYecKon 1 MeJMKaMeHTO3HO 06paboTKM CHU3UACA B 4 pa3a, a B OMbITHON rpyn-
ne 6bina OCTUrHYTa MOJIHAs CTEPUIIM3ALIMA KOPHEBBIX KaHaNIoB. B KNMHMYecKme nccnefoBaHus 6biiv BKIOUEHbI 1BE FPyMbl NaLVMEHTOB Mo
35 yenoBekK C ANAarHO30M XPOHUYECKUNI MAaPOAOHTMUT. B ONbITHON rpynne naunMeHToB Ha NMociefHeM dTane neyeHuns NpoBognIn 06paboTky
KOPHEBbIX KaHanoB 3p61eBbIM 1a3epOM B TEYEHWE OAHOW MUHYTbl SHAOAOHTUYECKO HacaaKom € SHepruen 40 mIX c 4NVHON BONHbI 2940
HM, npw yactoTe nmnysnbca 10 Iy ¢ 17%-bim pactBopom STA 11 06TypupoBani. B KOHTPONbHON rpyrnne NPoBOAVIIV NIEYEHIE NEPVOJOHTNTA
6e3 06paboTKM Nasepom. B KoHTponbHOW rpynne nauveHToB TMTP KOE nocne mexaHnyeckon n MeanKaMeHTO3HON 06paboTKm cHU3uCA
B 3-6 pas, a B OMbITHOW rpynne 6bina AOCTUTHYTa NOJIHAaA CTEPUIN3aALIMA KOPHEBbIX KaHanoB. MonyyeHHble pesynbTaThl [OKa3blBatoT, YTO
MoZMPUKaL s NPOTOKOa 06paboTKM KOPHEBOTO KaHasa 13flydeHriemM 3p6reBoro nasepa ABIAETCsA NepCneKTMBHbIM HanpaBieHWeM B H-
[OAOHTUN.

KnioueBble cnoBa: 3p6ueBbii nasep (Er:YAG), nasepHas 06paboTKa, SHOOLOHTUYECKOE JIeYeHre, MUKPOOMOoormyeckoe ncciefoBaHue,
KOPHEeBOW KaHar.
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Introduction

The main tasks of mechanical, medical treatment and
shaping of the root canal which is convenient for the
chosen technique of obturation are the removal of in-
fected dentin and disinfection of the root canal.

The existing variety of root canal treatment tech-
niques demonstrated the lack of a universal approach to
these tasks.

The main antiseptic and lubricant is a 3-5% of so-
dium hypochlorite. Its disadvantage is the rapid inacti-
vation during processing and heating, which requires
constant irrigation of the treated area with a new portion
of the solution. In addition, hypochlorite is not active
against certain forms of microorganisms, for example,
Enterococcus faecalis. To expand the antibacterial spec-
trum in modern protocols, it is often recommended to
use chlorhexidine 2% or calcium hydroxide in the form
of pastes for temporary filling for 10-14 days. After us-
ing of calcium hydroxide, repeated treatment of the root
canal with a 3% sodium hypochlorite solution is recom-
mended, followed by washing. In addition to that, before
obturation, the root canal must be treated with a 17%
solution of ethylenediaminetetraacetic acid (EDTA) to re-
move the smear layer. Then it is needed to disinfect the
canal, dry and obturate. According to various authors, the
antibacterial effectiveness of this technique is 50-70% [1-
3]. Anincrease in the effectiveness of drug treatment can
be achieved by activating solutions to penetrate deeper
into the infected areas of the root canal system. For this,
physical methods of solution activation are used: sound,
ultrasonic, hydrodynamic and laser techniques.

Experimental and clinical developments on the use
of laser technologies in dentistry and in particular in end-
odontics have been conducted since 1988 and to date,
extensive clinical experience has been gained on the use
of diode lasers in the protocol for endodontic root canal
treatment [4-6]. Erbium laser radiation has been used
in clinical dentistry as an alternative to the mechanical
method of preparing hard tooth tissues since 1997 [7,
8]. The possibilities of using Er:YAG laser radiation (2.94
pum) including the treatment of caries and its complica-
tions, sealing fissures, resection of the apex of the roots
in chronic periodontitis, as well as patchwork operations
in surgical periodontics [8].

The effects of traditional using of laser in endodon-
tics are ablation of tissue remains, destruction of bacte-
ria, and removal of the smear layer [7, 8].

For that, the aim of this research was to study the
effectiveness of disinfection of the root canal with an er-
bium laser (Er:YAG) after standard mechanical and drug
treatment of the canal.

Materials and methods

To study the effectiveness of mechanical and drug
treatment of the root canal with an erbium laser, 20 in-
tact single-rooted extracted teeth due to periodontal
disease were selected for the study.

The teeth were disinfected and processed by the
standard mechanical protocol (hand tools K-files, K-
Reamer, H-files, machine tools profiles, M2) and drug
treatment, using 3% sodium hypochlorite and 17% EDTA
solution with passive ultrasonic for solutions activation.
Then the teeth were sanitized in a 75% alcohol solution,
washed with sterile distilled water and infected with
strains of Enterococcus faecalis, Streptococcus sanguinis
and Candida albicans. After incubation for 7 days, den-
tin scrapings were taken from the walls of the root canal.
then, the teeth were prepared mechanically using hand
and machine tools and medically using 3% sodium hy-
pochlorite solution and 17% EDTA solution with passive
ultrasonic activation of irrigants. After EDTA treatment,
all teeth were randomly divided into two groups. In the
first group, the root canals were treated with a 17% EDTA
solution in combination with an erbium laser for 1 min-
ute with an energy of 40 mJ, a wavelength of 2940 nm,
and a pulse frequency of 10 Hz. The teeth of the second
group were not treated with laser. Before medical treat-
ment of the root canal and immediately after its comple-
tion, dentin scrapings were taken for microbiological ex-
amination. Dentin was taken from the walls of the root
canal with a sterile H-file. Dentin samples from the root
canal were placed in a transport medium. Sowing the
contents of the root canal was carried out on solid nu-
trient media. Cultivated in an aerobic incubator (Binder,
Germany) and a co, incubator (Lamsystems, Russia) in
accordance with the requirements for incubation condi-
tions for various microorganisms. Quantitative assess-
ment of the results of sowing was carried out according
to the Gould method. Identification results were taken
into account by MASS spectrometry (MALDI-TOF), Myla-
MC (BioMerieux, France).

To study the antibacterial properties of an erbium
laser in vivo, 70 patients with a diagnosis of chronic peri-
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Fig. 1. Microbiological study on group 1 extracted teeth using Er:YAG laser

odontitis (K04.5 chronic apical periodontitis. Apical gran-
uloma) aged 35-60 years were selected. The test group
consisted of 35 patients (19 women and 16 men). End-
odontic treatment was performed according to standard
methods. The operation field was cleaned with brushes
with paste and 2% chlorhexidine solution and isolated
with cofferdam. The old restoration was removed with
sterile boron. Then the boron was replaced, the tooth
cavity was opened, the root canals were mechanically
and medically treated with manual and machine tools.
Root canal irrigation was performed with 3% sodium
hypochlorite with passive ultrasonic activation of the
solutions. At the final stage, the canal was treated with
a 17% solution of EDTA with an erbium laser for one
minute using an endodontic tip, with an energy of 40
mJ, a wavelength of 2940 nm, and a pulse frequency of
10 Hz. A laser fiber was inserted into the orifice of the
root canal without touching its walls. Root canal filling
was performed at the same visit. The comparison group
consisted of 35 (20 women and 15 men) patients who
received the same root canal treatment without using an
erbium laser.

Results

In the test group of extracted teeth (the group treat-
ed with erbium laser), high titers of Enterococcus faecalis,
Streptococcus sanguinis and Candida albicans strains were

shown before drug treatment of the root canal. After me-
chanical and drug treatment of the root canals with 17%
EDTA in combination with erbium laser, no colonies were
recorded in all tested samples. This indicates the steriliza-
tion of the root canal (Fig. 1).

In the control group of extracted teeth (treated with-
out erbium laser), a significant decrease in the titer of En-
terococcus faecalis, Streptococcus sanguinis and Candida
albicans strains was established. After mechanical and
drug treatment of the root canals on the extracted teeth,
a significant decrease by 4 times in the titer of colonies of
the above microorganisms was recorded (p <0.05) (Fig. 2)

According to that, this in vitro study showed that me-
chanical and drug treatment of the root canal reduced
the number of microorganisms to titers 10% and 10* CFU/
ml and high efficiency of root canal treatment was ob-
served when applied erbium laser for one minute, with a
power of 40 mJ, and a pulse frequency of 10 Hz.

To determine the efficacy of root canal treatment
with an erbium laser in clinical trial, two groups of pa-
tients with a diagnosis of chronic periodontitis (K04.5
chronic apical periodontitis. Apical granuloma) aged 35
to 60 years were included in the study. At the stages of
endodontic treatment, materials were collected for mi-
crobiological examination: before and after mechanical,
drug treatment of the root canal, as well as after using
erbium laser.
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Fig. 2. Microbiological examination in control group on extracted teeth without using ER:YAG laser

In the test group, high titers of Enterococcus Haemo-
Iyticus, Staphylococcus epidermalis, Streptococcus mitis
and Streptococcus mutans from 10° to 10® cells/ml me-
dium were observed immediately after mechanical treat-
ment of the root canals (without drug treatment). After
drug treatment of root canals, a significant decrease in
the titer of microorganisms by four times to 10 CFU/ml
was recorded (p <0.05). The data was presented in Table
1.Inroot canals, treated with erbium laser in combination
with 17% EDTA in all tested samples, colonies growth was
not recorded. This indicates sterilization of the root canal.

In the control group, patients received a similar pro-
tocol for endodontic treatment and materials were col-
lected before and after drug treatment of the root canal.
The data was presented in Table 2. Before root canal
treatment, as in the main group, high titers of Enterococ-
cus Haemolyticus, Staphylococcus epidermalis, Streptococ-
cus mitis and Streptococcus mutans from 10° to 10® CFU
/ ml of medium were observed. After drug treatment, a
significant decrease in the titer of microorganisms to 10%
10% CFU / ml (p <0.05) was detected and only Streptococ-
cus mitis growth was not recorded.

Discussion

The quality of drug treatment of the root canal, car-
ried out according to the endodontic treatment proto-
cols adopted in the Russian Federation, is not sufficient
to achieve a long-term clinical effect. The modification of

the protocol for treating the root canal by radiation of an
erbium laser with a wavelength of 2940 nm, a power of 40
mJ, and a pulse frequency of 10 Hz showed a high qual-
ity of sterilization of the root canal. Similar results on the
effect of Er, Cr: YSGG laser with a wavelength of 2780 nm
were obtained in studies of T.V. Furtseva and others. [9].
Authors, L.U. Orekhova et al. [10], I.Il. Malov et al. [11], S.L.
Blashkova et al. [12] in their studies, it was demonstrated
the high efficiency of using lasers in endodontics. Similar
data to our results were published by E. Henninger et al.
[13]: the authors studied the radiation efficiency of an er-
bium laser on strains of Streptococcus gordonii in combi-
nation with Actinomyces oris or Fusobacterium nucleatum
and showed the effectiveness of this treatment in end-
odontic infections. Researchers from different countries
show high efficiency of root canal treatment with both
diode and erbium lasers [14-16].

Conclusion

Within the limits of this study, the efficiency of root
canal treatment with an erbium laser with a wavelength
of 2940 nm, energy of 40 mJ, pulse frequency of 10 Hz,
and a power of 0.5-8.4 W is quite high. Modification of
the irrigation protocol for endodontic treatment, in par-
ticular, chronic periodontitis K04.5, by the action of ra-
diation from an erbium laser is an effective method and
more further studies are needed in this field.
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Ta6nuual

Pe3yAbTaTbhl MUKPOOUOAOrMUYECKOTO UCCAEAOBAHUA OCHOBHOM rPynMnbl NaLUMEeHTOB Ha aTanax aHAOAOHTUYECKOTO AEUEHUSA
Table 1

Results of a microbiological study of the main group of patients at various stages of endodontic treatment

Enterococcus Staphylococcus Staphylococcus Streptococcus | Streptococcus
OnbITHasA rpynna Faecalis Haemolyticus epidermalis mitis mutans

KOE/mn KOE/mn KOE/mn KOE/mn KOE/mn

[lo 06paboTKy KaHana

A 108 108 10°-10° 107-108 107
Before irrigation

MNMocne megnkameH
TO3HOV 06paboTKM
KaHana

After root canal irrigation

10 10? 10% 102 10?

[Mocne megnkameH

TO3HOW 06PabOTKM

KaHana v o6paboTku Het pocTa Het pocTa Het pocTa Het pocta Het pocta
nasepom No growth No growth No growth No growth No growth
After root canal irrigation

and Er:YAG laser

Ta6Gnuua 2

PesyAbTaTbl MUKPOOUOAOTMUYECKOTO UCCAEAOBAHUA NALMUEHTOB FPynMnbl CPaBHEHUA Ha aTanax SHAOAOHTUUYECKOIO AeYEHUSA
Table 2

The results of a microbiological study of the control group of patients at the stages of endodontic treatment

Enterococcus Staphylococcus | Staphylococcus
KoHTponbHas rpynna Faecalis Haemolyticus epidermalis

_ r
Streptococcus mitis LT

mutans
KOE/mn KOE/mn KOE/mn el KOE/mn

[lo 06paboTkm
KaHana

Before root canal
irrigation

108 108 10°-10° 107- 108 107

[Nocne megnkameHTO3

HOW 06paboTKN KaHana 10° 10? 102 HeT pocTta
After root canal No growth
irrigation

10%

3HaueHme KpUTepHA p 0.009 0.009 0.04 0.000 0.009
P-value
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A DIFFUSION EQUATION BASED ALGORITHM

FOR DETERMINATION OF THE OPTIMAL NUMBER
OF FIBERS USED FOR BREAST CANCER TREATMENT
PLANNING IN PHOTODYNAMIC THERAPY
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Abstract

It is essential in interstitial Photodynamic therapy (iPDT) treatment planning to ensure a homogeneous distribution within a tumor volume using
cylindrical diffusing fibers while keeping the surrounding tissue intact. Light distribution is simulated through two algorithms based on the diffu-
sion equation assuming diffusers as light sources. The first algorithm analyzes the diffusion equation and studies the effects of different variables
(optical properties, delivered power, diffuser length, and position). Next, optical properties of breast were applied to estimate the volume that
receives accepted light dose from one diffuser. In the second algorithm, multiple diffusers were simulated in order to find the relation between
the volume and the number of required diffusers which are needed to cover cubical or cylindrical volume with sufficient light dose. Throughout
this study, real values of optical properties, clinical laser power, and treatment time were considered to evaluate sufficient light doses. This study
is in agreement with previous works in that optical properties are the major factors influencing light distribution in iPDT. It is shown that for a
homogeneous phantom mimicking breast cancer and cubical or cylindrical shape, the number of required fibers N equal WxL or D? respectively.

Keywords: iPDT, diffusion equation, cylindrical diffuser fiber, sufficient light dose, breast cancer.
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Pesiome
Mpwu nnaHvpoBaHUN BHYTPUTKaHEBOW poToanHammuyeckoi Tepanun (iPDT) ¢ ncnonb3oBaHuem LUANHAPUYECKMX ANGPY3HBIX BOIOKOH
BaXKHO 0b6ecrneunTb OJHOPOAHOE pacnpefeneHie cBeTa No BCeMy 06beMy OnyXoni, COXPaHUB NMPU STOM LIeNOCTHOCTb OKPY»KatoLLeli TKaHW.
ABTOpPbI JaHHOI CTaTbl CMOAENMPOBaNU pacnpefesneHne cBeTa C MOMOLLbIO ABYX alfTOPUTMOB, OCHOBAHHbIX Ha ypaBHeHUN Andpdysun, B
KOTOPbIX B KayecTBe UCTOYHVKOB CBETA UCMOMb3yTCA LUAnHApuYeckre andpdysopsl. lNepBbiit anroputm aHanvusnpyeT ypaBHeHne gud-
by3un 1 M3yyaeT BIVAHME Pas3INYHbIX MEPEMEHHbIX (OMTUYECKUX CBOWCTB MCTOYHMKA, MPUMEHAEMON MOLHOCTH, ANVHbI Auddysopa 1
€ro noJsioXKeHus). 3aTem OblIM NCMOMb30BaHbl NapPaMeTpbl ONTUYECKUX CBOVCTB MOJIOYHOW Xene3bl A OLEeHKM 06bema, KOTopbI pac-
CUUTbIBaET CBETOBYIO 03y OT 0AHOro AndPy3opa. Bo BTopom anropmtme 6b110 CMOAENIMPOBAHO HECKONbKO paccenBaTenen Ana Haxoxae-
HVAl COOTHOLUEHUA MEXAY O6BEMOM 1 KONMYECTBOM paccenBatesnierl, HEOOXOANMbIX A MOKPbLITAA KyOUYeCKoro nnn LMIMHAPUYECKOTO
obbema AOCTaTOYHON CBETOBOW [A030i. Ha NpOTAXeHUN BCEro 3Toro NCCiefoBaHNA paccMaTpMBannCh peasibHble 3HaUYeHNA ONTUYECKMX
CBOWCTB, KJIMHNYECKO MOLYHOCTM J1la3epa U BpeMeHU fleYeHnA 418 OLIeHKM OCTaTOYHbIX CBETOBbIX [03. DTO NCCNefjoBaHMe cornacyeTca
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Ismael F.S., Amasha H.M., Bachir W.H.

A diffusion equation based algorithm for determination of the optimal number of fibers used

for breast cancer treatment planning in photodynamic therapy

C npefbigywyiMm paboTamu B TOM, YTO ONTUYECKME CBOWCTBA ABMAIOTCA OCHOBHbIMY daKTopamu, BAVSIIOWMMI Ha pacnpeaeneHme ceeTa
npw iPDT. Moka3aHo, 4To, ANA OAHOPOAHOrO GaHTOMA, UMUTUPYIOLLErO PaK MOSIOYHON »Kefe3bl, Ky6nueckom nnv LManHapulyeckon Gpopmol,
KonnyecTBo Tpebyembix BonokoH N pasHo WXL nnu D?, coOTBETCTBEHHO.

KnioueBble cnoBa: BHyTpuTKaHeBas GoToAvHamMmMUecKas Tepanus, ypaBHeHne anddysnm, BONTOKHO C UMANHAPUYECKM auddysopom,

[OoCTaToO4YHaA CBETOBAA [03a, Pak MOSIOYHOM »Kenes3bl.

Ona yntuposanua: Ismael F.S., Amasha H.M., Bachir W.H. A diffusion equation based algorithm for determination of the optimal number
of fibers used for breast cancer treatment planning in photodynamic therapy // Biomedical Photonics. - 2019. - T. 8, N2 4. — C. 17-27. doi:

10.24931/2413-9432- 2019-8-4-17-27

KoHTakTbl: Ismael F.S., e-mail: fatimah.esm@gmail.com

Introduction

Photodynamic therapy (PDT) combines a light sensi-
tive compound (photosensitizer) with light to generate
reactive oxygen species, which, in sufficient quantities,
lead to tissue destruction [1]. The development of pho-
toactive compounds that absorb light at longer wave-
lengths, with greater penetration in tissue, has led to
the development of treatments for larger, deep-seated
tumors [2].

The diffusion approximation to modeling light trans-
port works well for biological tissues at near-infrared PDT
treatment wavelengths, where light scattering domi-
nates over absorption. In addition, numerical solution of
the diffusion equation, as used here, allow for the mod-
eling of light transport in systems with time frames that
are feasible for clinical application. Also, diffusion theory
enables quick estimation of the fluence rate distribution
in a homogeneous medium [3].

Recently, computer simulations suggested that cy-
lindrical diffusing fibers (CDFs) are more effective than
flat-cut fibers in delivering the therapeutic light in iPDT
especially for bulky tumors [4, 5]. B. Farina et al. [6] simu-
lated cylindrical diffuser as linear array of ideal point
sources to extract fluence rate distribution in hollow or-
gan. Baran and Foster [7] used GPU for simulation. They
modeled the diffuser based on TiO, particles. This model
predicts a fluence distribution similar to that modeled by
B Farina et al. They compared the radial degradation of
fluence from the diffuser for both models and demon-
strated that a model based on a linear of point sources
is sufficient for determining fluence distribution. Baran
and Foster in Ref [5], used the same diffuser modeled by
them to make comparison between numbers of cylindri-
cal diffusing fibers and flat cleaved ones.

A number of research groups have focused their ef-
forts on optimizing the fiber placements. T.M. Baran et
al. [5] demonstrated optimization of six CDFs positions
in order to create treatment plans for iPDT of (6.1x7.5x7
cm) in brain. M.D. Altschuler et al. [8] used twelve CDFs
in (2.5%3x5 cm). E. Oakley et al. [9] also demonstrated a
treatment plan using finite element method and eleven
CDFs to deliver an accepted light dose to (5x4x4 cm) in

head and neck cancer. Those studies did not indicate to
the ability of single CDF to deliver accepted light doses
around it. In the current study, benefits from analyz-
ing the diffusion equation were taken to determine the
whole volume with optical properties of breast cancer
that has accepted light dose of all its points. This simu-
lation study contains two codes which are regarded as
important prior steps for practical procedure that we
are planning to do in the laboratory. First code provides
programming description of single CDF using diffusion
equation. Four available CDFs in the laboratory were sim-
ulated in the second code. Results of this study clarifies
interaction between external laser power, CDF length
and medium optical properties and how it could be use-
ful to determine the required number and full length of
fiber tip to cover full volume with suitable fluence rate.

Materials and Methods

Tissue model and software algorithm

Following diagrammatic analysis of equation 2 as-
sumes a cube (53 cm?), divided into fractional (0.5% cm?)
cubes, fractional cubes could be smaller if requested.
CDF position is the central cube (x, y, 2) = (2.5, 2.5, 5).
While assuming that the decrement of CDF length starts
from the top surface of the cube, the coordinate (z) must
be equal to the full length of the corresponding cube.
Figure 1 represents the tissue model. The core of the PDT
treatment planning simulation is the calculation of the
light intensity (fluence rate) distribution in tissue gener-
ated by a CDF. Therefore, first code is made as flexible
as to calculate the fluence rate ¢(r) as a function of each
variable (&, [, s, Moy u) independently in every point
(pixel) in the cube. The second code allows choosing
CDFs number (maximum is four). In addition to changing
I s, Hop oy Ty volume and distance between pixels. Figure
2 displays the schematic of the codes. The light distribu-
tion, diffusion equation and tissue model were modeled
in Matlab (2016a).

Throughout the paper, each observing point receives
N rays. N represents the number of source points along
the CDF. The points located at equal distances away from

BIOMEDICAL PHOTONICS T.8, N24/2019
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S5cm

Cylindrical surface
represents equal light dose
/ TloBepxHOCTE WIHEAPE
+ ./ coomercteyer ommakosol
w o,/ coetosoli noze
A

Gy, B

Fig. 1.

Puc. 1.

a - Cube, fractional cubes, CDF, point source and observing points are the components of the tissue model. Each point receives
N rays. N is the number of total source points along the CDF (Dimensions are for clarification and they are not no scale);
b — Cylindrical surfaces represent points that have equal fluence rate

a - Ky6, apoGHble KyGbl, ONTUYECKOE BOJIOKHO C LMAUHAPUY4eckuM anddysopom (CDF), ToYeUHbIH UCTOYHUK U TOYKMU
Ha6noaeHUa ABNSAIOTCA KOMMNOHEHTaMU Mojenu TKaHu. Kaxpaa touka nonyvyaet N nydei. N — 310 o6Liee KONM4YeCcTBO
TOYEK-UCTOYHUKOB BAO0Nb CDF (pa3mepbl gaHbl AN NOSICHEHUS, U OHU He B MacluTate);

b — LlunMHapuyeckre NnoBepxXHOCTU NPEACTaBAAIOT TOYKU C OAMHAKOBOW CKOPOCTbIO NOTOKa

CDF receive equal light dose and form a cylindrical sur-
face around CDF (fig. 1b).

Laser treatment fiber

This study provides profiling of optical fiber which
is made from RD-ML50 (Medlight S.A, Switzerland).
Treatment fiber specifications are as follows: transmis-
sion of 630-760 nm, overall diameter T mm, illumination
length of 50 mm, maximum (CW) power density (in air) of
0.5 W/cm, absolute maximum input power of 2.0 W (CW).
Treatment regions: breast, prostate, brain, heart, lung
and diaphragm. The diffuser length is 5 cm or less (in in-
crements of 0.5 cm); density power, W/cm and energy,
J/cm were specified for each fiber) [10].

Diffusion theory

Cylindrical diffusor fiber was modeled in two geom-
etries. Two equations can be found in the literature that
estimate the fluence rate emitted from a light source
of a length / in heterogeneous/homogeneous media
(equations 1 and 2). Equation 1 discretizes the diffusing
part of the optical fiber as a sum of several point light
sources [11-13]. Equation 2 considers the whole fiber as a
finite line light source with 2D cylindrical light emission
characteristics [14]. The first equation 1 is considered as
complex equation to estimate the fluence rate, on the
basis that the calculation of the fluence rate at a distance
r from the fiber is the sum of each light source contribu-
tion. Whereas equation 2 computes the fluence rate val-
ues using the minimal distance r from the fiber.

N
)_351/1; 1 Ze‘”effri 1
o = N1 L ¢
=1
m=p B
PU=E 0 27 - [y * 62
b 1
Where P is power of one point, 3 (s +u),

d is the optical penetration depth in m and is equal

to vD/Ma, s is the power of the point source in
mW/cm; ¢(r) is the fluence rate in mW/cm; the quantity
terr =N B~ ta - (Hq + 115)) is the effective attenuation coef-
ficient in tissues. The differential Ax=I/(N-1) is the length
of the elemental (discretized) source segment. The odd
integer N is the number of points used in the summation
overthesource, withonepointalwaysplacedinthemiddle
of the CDF. The distance between the i, point of the linear
light source and the observing pointis r, = /xiz +h2 ,where
x=[(i-1-(N-1)/2)-Ax] is the cylindrical coordinate along
the fiber from the center of the linear source.  is the dis-
tance between the observing point and the fiber axis as it
is shown in fig. 1a. The numerical value of the summation
should be independent of N (or Ax) if Nis large enough.
Accurate results of the summation can be obtained if
Ax = 0.05 cm. In this study, summing N = 101 is available
[8, 15]. Obviously, equation 2 is simpler than 1. Depending
on geometrical optics equation 1 could be regarded as
more accurate method than the equation 2. That is why
fluence rate is estimated using the equation 1 through-
out this study. For simplicity, we use the light fluence
(fluence rate x exposure time) for the PDT dose through-
out the paper. The illumination time, through this study,
was not fixed (300 sec in the first algorithm and 150 sec
in the second algorithm). Final light dose at each point
is the summing of light doses that were received from
all diffusers. Specifically, tissue necrosis occurs above a
threshold light dose [16]. The higher threshold of target
dose is determined by minimizing damage to surround-
ing tissue. To make this study closer to reality, thresholds
light dose are assumed to be 20-50 J/cm? and 90-300 J/
cm? with optical properties of breast and prostate can-
cer, respectively [8, 17].

Optical properties of the studied tissues and patient’s
prostate

Optical properties at 732 nm in human prostate be-
fore and after PDT are taken from Altschuler et al. [8] and
listed in table 1. While Optical properties of heart, breast,
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Fig. 2. The block diagram illustrating two software planning algorithms:
a — Algorithm code for analyzing diffusion theory and CDF specification;
b — Algorithm code to calculate total fluence light and plotting color cube and Dose Volume Histogram (DVH)
Puc. 2. Bnok-cxeMa, WullocTpupylouas ABa anroputma nporpammbi:
a — AnropuTm Koaa ans aHanusa teopuu anddysum n cneundukaumm uunuHapuydeckux gudedysopos (CDF);
b — Anroput™m Koaa ans pacyeTta o6LLei NJIOTHOCTU cBeTa M NMOCTPOEHUS LIBETOBOrO Ky6a M rMcTorpaMMbl J03a-06beM
(DVH)
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Table 1

Optical properties at 732 nm in human prostate gland (before and after PDT) for patient number 3 and 5 [8]

Ta6nuua 1

OnTUyeckue CBOWCTBA NpeAcTaTeAbHOM XeAnesbl (A0 U nocre OAT) ansa 732 HM nauueHToB 3 U 5 [8]

Before PDT
Patient Number

After PDT

3 0.15
5 0.21

Table 2

22.0
11.8

334
7.18

0.07
0.13

Optical properties of human heart, breast, lung, diaphragm tissues [11]

Taonuua 2

OnTUueckue cCBOWCTBA TKAHEW cepALa, MOAOUYHOM XXene3bl, AeTKUX, Auadparmbl yenoBeka [11]

Tissue Average i Average
Anm ', cm

Heart

Cepaue [0.18-0.12]
Breast (normal)

MonouHasn xenesa 660 [0.037-0.11]
(Hopma)

Breast (tumor)

MonouHas xenesa 690 [0.07-0.1]
(onyxonb)

Lol 661 [0.49-0.88]
Jlerkoe

Diaphragm

[nadparma 661 [0.15-1.08]

[5.22-90.80]
0.074 [11.4-13.5] 12.45
0.085 [14.7-17.3] 16
0.68 [21.14-22.52] 21.83
0.62 [9.65-21.7] 15.7

lung, diaphragm tissues are taken from Julia J.L. Sandell
and T.C. Zhu review [11] and given in table 2.

Results and discussion

The present study was independent of allowed illu-
mination/dark time or oxygen consumption. Each factor
in equation 1 has a different effect. Throughout this part
increment in distance is 0.125 cm. lllumination treatment
time is 5 min. Source power is 0.5 mW/cm. The following
disscution presents four effects.

Distance perpendicular to the fiber axis (h)

Figure 3a shows the variation of calculated light
fluence distribution for different distances in the same
prostate gland (optical properties are taken from table
1). The average optical properties were very different
between the upper and lower line. The light fluence rate
at 0.5 cm far away from the CDF varied from 64.59 J/cm?
(before PDT) to 30.5 J/cm? (after PDT). Significant change
of optical properties was observed before and after PDT
treatment in the same patient number 3. Figure 3b shows
the variation of calculated light fluence distribution for
different distances in heart, breast, lung and diaphragm
(optical properties are mentioned in the table 2). As a re-
sult, closed values of fluence rate were observed when

optical properties approximately the same (of lung and
diaphragm). Absorption coefficient of breast is the small-
est, so it allows higher distribution light (=50 J/cm? at
0.5 cm away from CDF). From figure 3b; the values of ¢
are 50 J/cm? at 0.375 cm for heart, and 50 J/cm? at 0.5 cm
for breast. Thus, practically two CDFs are required to de-
liver 100 J/cm? for points at those distances. In contrast,
for lung or diaphragm two CDFs deliver accepted fluence
rate 90 J/cm? at 0.125 cm only. More explanation is pro-
vided in following absorption and scattering coefficients
effects.

Absorption and scattering coefficients effects

Remarkable advances were made in the last two
decades to determine the in vivo optical properties in
humans in a variety of organs. The absorption coeffi-
cient varies largely over the visible spectrum, while the
scattering coefficient of tissue decreases monotonically
as the wavelength increases [18]. The presence of chro-
mophores affects the absorption coefficient. Although
the actual range of the in vivo optical properties is tis-
sue type dependent, generally varied in the ranges

u,=0.03-1.6 cm™ and u/=1.2-40 cm™'[11]. Since equation

1 is a nonlinear equation of two parameters x and u ; it
was very difficult to separate effects of x' and u from
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Wavelength = 732 nm
JnuHa BoaHBI = 732 HM

Wavelength = 660/661 nm
JnuHa BoaHel = 660/661 HM

a-p';
b_ueff

a-yg;
b-u

300 300
—a— heart / cepaue: 1o =0.15, s =48
f - befom7§D03 / f,“l;T ~s— lung / nerkoe: u, =0.68, it =21,85
2501 stas s a0 lssas. 20 —+— normal breast / MoI0OYHaA Kenesa
= Sl e i g Ha =0.074, 1t = 12,45
2l 4 _:0‘15"“ G- HE 20b N\ | —~— diaphragm / mradparma:
E § Ha =0.62, 1t =15.7
a G
=
g g
S S-
0 I],lﬁ 1 15
h[cm / cM]
a b
Fig. 3. Fluence rate curve plotted at different distances:
a - in prostate gland;
b — for other organs
Puc. 3. KpuBas cBeTOBOro NoToKa Ha pa3HbiX pacCTOSAHUSAX:
a — B npejcraTeNbHON Xenese;
b — ana apyrux opraHos
300 - . . S . .
. — i 2 o - Point; / Touxa, (3,2.5,2.5)
; N Point, / Touxa, (3, 2.5,2.5) Pointy / Touka; (2,3, 2.5)
: % - i 13
- | —— Poiat, / Touxa, (2, 3,2.5) = Pointy / Touxas (1.5, 2.5, 2.5)
Point; / Touxay (1.5, 2.5, 2.5) s o v Pointy/ Toukay (1.5, 2, 2.5)
—a— Point, / Touka, (1.5, 2,2.5) "5 200l e Point;/ Touxas (1, 2.5, 2.5)
’E‘ | —=— Points/ Touxas (1, 2.5,2.5) P b
; . 150| a
3 ' 8| 1A
9o = N
= L]
5. ® 100 %
AT
W A8 |
b, %M
S B R S e
.“E [Cm"' CM-l] U £ [C.m'lf CM-I]
4 ,
a b

Fig. 4. The dependence of light fluence rate at different points from:

Puc. 4. 3aBUCMMOCTb MHTEHCUBHOCTU CBETOBOIO NOTOKAa B Pa3HbIX TOYKaX OT:

each other. Now, the studied medium is supposed to be
heterogeneous, and five observing points are consid-
ered. Therefore, to understand the effective attenuation
coefficient effect, it is required to ﬁx,us’ at20.6 cm™ (is the
average of its range) and HoylS changing along 0.33-14.13
cm'. We used these values to understand the expected
standard behavior of optical properties, and to anticipate

the variation in tissue constitution that yields the tissue
optical properties at any desired wavelength [19].

Inthe opposite case, 1 'is changed alongits range and
Moy 1S fixed at value (7.23 cm™); the average of its range.
To explain yeﬂand u, effects, five observing points were
taken at the distances (h1=0.5, h2=0.7, h3=1, h4=1.12,
h5=1.5) cm away from CDF. These five points represent
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L i i L L I i i
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s [mW / MB1]
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a

Fig. 5. Fluence rate as a function of power density s:

a - Before PDT: p/=11.8 cm™, y_ =0.21 cm™*; after PDT: py/=7.18 cm™, p_=0.13 cm™

b — Before PDT: p/ =22 cm™, p =0.15 cm™; after PDT: y'=33.4 cm™, y =0.07 cm™
Puc. 5. UHTEHCMBHOCTb ONTUYECKOro NOTOKa KaK GYHKLUA NIOTHOCTU MOLLHOCTHU S:

a-[o ®AT: p ' =11.8 cm~, p =0.21 cm™*; nocne ®AT: p'=7.18 cm™, p =0.13 cm™*

b - [o ®AT p /=22 cm*, p =0.15 cm*; nocne ®AT: p '=33.4 cm?, p =0.07 cm™

the nearest five cylindrical surfaces. Figure 4 shows the
relationship between the light fluence rate and the opti-
cal properties.

Figure 4a shows that the fluence rate (for point 1)
rapidly increases between 1.2 and 10 cm™, then approxi-
mately fixed between 10 and 15 cm™". As a result, reduced
scattering coefficient does not cause increase in fluence
rate after value 10 cm™. For point 2, decline in fluence
rate occurs after 7 cm™. Although the difference in dis-
tance is only 2 mm between point 1 and 2, thereis a large
difference in fluence rate between them. For other points
higher values of fluence rate are along 1.2-5 cm™. As a
result, in experimental phantom, for higher distances, it
is good to make u'<~10 cm’. For larger distances (0.7, 1,
1.12, 1.5 cm), it is better to make u'~532,3212 cm,
respectively. Figure 4b shows the relationship between
the light fluence rate and the effective attenuation coef-
ficient as exponential decay curves. As shown in figure, it
is clear that values corresponding to point 1 (0.5 cm) have
higher fluence rate values, while lower lines represent
other points respectively. For ¢(r) that was lower than
90 J/cm?; /zeffis 1.53 cm™ forh1. For other points u,, was 1,
0.73, 0.6, 0.5 cm™, respectively. Two algorithms allow to
change ranges and values of 1" and 1, to get accepted
light dose and could be useful in preparing phantoms at
laboratories. As a result, knowledge of optical proper-
ties of tissues is of great importance for interpretation
and quantification of the diagnostic data. Fluence rate
at virtual diffuser points depends on optical properties
of studied medium. It was ~87.7 J/cm? with prostate op-
tical properties 1 '=14.3, u =0.3 cm™'. While it became

199.5 J/em? when u decreases by ten times. It is well
known that absorption coefficient is included in Moy €X
pression. From our findings and for the optical properties
of all biological tissues studied in ref. [11], it was found
that the absorption coefficient u_has a more significant
influence on light fluence rate distribution than reduced
scattering coefficient x . It is noteworthy to say that our
results are valid for wavelength range 600-800 nm at
certain wavelengths of human tissues that was also men-
tioned in ref. [11].

Power dentsity effects (s)

Source catheters are used for both light delivery and
measurement of optical properties. Usually, the light
dose is given in terms of external power density deliv-
ered by the light system. As it is noted in fiber specifica-
tions, s is 0.5 mW/cm at maximum allowed input power
2W. The power is considered to be 0.5 mW/cm through
all previous study. Consequently, power of full diffuser
length is 2.5 W. Maximum power density (in air) is 500
mW/cm (CW) as mentioned in the technical specifica-
tions of Medlight CDFs [10], so the power is varied be-
tween 0 and 500 mW/cm through the two codes. Optical
properties of patients were taken from ref. [8]. As can be
seen in figure 5a, optical properties of patient number 5
were i ' =11.8 cm‘1,,ua=0.21 cm™ (before PDT). After PDT,
the values changed to u '=7.18 cm™, # =0.13 cm™". Fluence
rate became larger after PDT [8].

Figure 5b shows linear relationship between s and ¢(r)
that to deliver accepted fluence rate 90 J/cm?, applied
power should equal at least ~432 mW/cm, while after
PDT it decreased to 369 mW/cm. If s is limited at 250, flu-
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Fig. 6. Fluence rate as function of diffuser length L. s = 0.5 mW/cm, p' =14 cm™, t=5 min:

Puc. 6. NHTEHCUBHOCTb ONTUYECKOrO NOTOKA Kak GyHKLUSA AnuHbl Auddysopa L. s=0.5 mB1/cm, p /=14 cM™, t =5 MuUH.

ence rate is 50 J/cm? (before) and 61.5 (after). It was clear
that fluence rate became higher after the PDT. Results for
patients 2, 4, 12 and 9 [8] confirm that u_ has a significant
effect on light fluence rate distribution.

Cylindrical diffuser length effect

Returning to equation 1; the fluence rate clearly ap-
pears proportional to the tip length. Increasing the flu-
ence rate is related to the density of number of source
points over the diffuser (N). As a result, the fluence rate
at certain point is not affected by varying tip length. This
result is illustrated by figure 6.

Figure 6 shows the relationship between ¢ and L.
The CDF was positioned at cube center, each line repre-
sented two opposite distances. Distances furthest from
CDF were shown in small rectangle. As it was expected,
light fluence rate was not affected by increasing length,
for similar inputs and distances, but if u_is changed to 0.3
cm’, then fluence rate will decrease to about 15 J/cm? at
h6=0.5 cm while it is about 45 J/cm? with y_=0.09 cm™.

Clearly there is a big difference between ¢(%6) and
o(h5). As a result, there is major attenuation in fluence
rate as distance increases.

Fluence rate calculations were done using basic dif-
fusion equation (eq. 1). As it is well known, the generat-
ing of matrixes in order to calculate fluence rate at each
point is a cumbersome procedure. Conditions were de-
termined to accept fluence rate. This condition could be
changed as required for a given tissue, photosensitizer or
wavelength. Our results agreed with prior works where
optical properties have considerable effect on light
distribution in any given medium [11]. However, in real

clinical producers, CDF length cannot be changed and
practically, due to fixed distances between slots used for
guiding PDT fibers inside the tissue which equal 0.5 cm
on average [8], distance between tow CDFs could not be
less than 0.5 cm.

Volume versus number of CDFs

Actual input parameters had been taken into follow-
ing consideration. Optical properties of breast cancer are
u,=0.085 cm‘ﬂys’ =16 cm™' [11]. First algorithm is used to

100
awl breast cancer / pax rpyast
Hg =0,085, u; =16
an
x%
a o ]
=
s w} ]
2

=

o

0 02 04 08 08 1 12 14 16 18 2

h [em / em]

Fig. 7. Fluence rate is as a function of distance for breast can-
cer tissue. Input parameters are: s=50 mW/cm, t=150 sec. Light
dose at h=0.5 cm is 24 J/cm? for breast

Fig. 7. UHTEHCMBHOCTb CBETOBOIO NOTOKA KaK GYHKLUSA paccTo-
AHUA ON19 TKAHU PaKa MOJIOYHOM Kene3bl. BxoAHble napameTpbl:
s=50 mMBT1/cm, t=150 cek. CBeToBas gosa npu h=0.5 cm paBHa
24 [3/cM? AN MONOYHOM Xenesbl
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Puc. 8. Light distribution resulted from two CDFs with s = 50 mW/cm, t = 150 sec, p, = 0.085 cm™, p =16 cm™:
a — Top-down view shows positions of CDFs placed at (0.5, 1, 2), (1.5, 1, 2);
b - Yellow points have accepted dose and form volume 1x2x2 cm;
¢ — Top-down view of cube after light distribution: light dose in red points is less than 20 J/cm?and more than 15 J/cm?,
green points represent pixels which have dose that is less than 15 J/cm? and more than 10 J/cm?, blue/ violet points

Puc. 8. Pacnpegenexue ceeta, NoslyMeHHOe Npu ncnonb3osanun asyx CDF npu s = 50 mB1/cm, t = 150 ¢, p_ = 0,085 cm™,

a — MNonoxeHue CDF, paamelleHHbIx B TouKax (0.5, 1, 2), (1.5, 1, 2) (Bua cBepxy);

b — XXentbim uBETOM BbieNIeHbl TOYKU, NOJYHMBLUUE HEOGXOAMMYIO CBETOBYIO J03Yy. UX 06beM cocTaBnseT 1x2x2 cm.
¢ - PacnpepeneHue cBeTa (BMA CBepxy): Jo3a CBeTa B KpacHbIX TOYKax cocTtaBnseT meHee 20 [k/cm? u 6onee
15 [13k/cMm?, 3e1eHble TOYKU NPeACcTaBNAoT NMUKCENU ¢ 40301 meHee 15 [xx/cm? u 6onee 10 [ /cm?, cuHue/dpuonerto-

estimate fluence rate along 2.5 cm far away from single
CDF (full length of tip is 5 cm) is placed at center of cube
(5%5x%5 c¢m). Initial position of CDF is (x=2.5 cm, y=2.5 cm,
z=5 c¢m); since x, y can be changed along X and Y axes
from 0.5 cm to 5 cm, while z must be set at the full length
of CDF.

Figure 7 shows that sufficient light dose is reached for
approximately 0.25-0.5 cm around CDF. Higher thresh-
old of 50 J/cm? is exceeded at h <0.25 cm. As a result, for
optical properties of breast cancer, accepted light dose
reaches to volume of one cylinder with full diameter of
D =1 cm.Figure 8is the result of second algorithm. Figure
8a shows two CDFs in a line. As can be seen from figure
8a, two CDFs can cover two centimeters in one direction
of volume. While approximately only one centimeter in
the vertical orientation could be covered with light dose
of 20-50 J/cm?.

Length of CDFs must be near the height of the volume.
For the breast cancer tissue, the covered volume equals
approximately 1xXNxL (cm) as represented in figure 8c. N
is the number of CDFs, L is the length of diffusers. The
volume (with accepted light dose) is 1x2x2=4 cm?. To
cover full cube size which is 2x2x2 (cm), four CDFs must
be placed at (0.5, 0.5, 2), (0.5, 1.5, 2), (1.5, 1.5, 2), (1.5, 0.5,
2) (fig. 9a). The maximum covered volume with accepted
light dose equals four times of cylinder c1 (cylinder c1 is
indicated in figure 9b).

It can be concluded that for delivering sufficient light
dose (20-50 J/cm?) to any phantom which has cuboid or
cylindrical shape and has optical properties of breast can-
cer, it is needed to place (WxL) or (D? CDFs respectively

with distance (1 cm) between each two CDFs. Where, W,
L are the rectangular sides and D is the cylinder diam-
eter. Practically, optimization theories are applied to opti-
mize places of a lower number of CDFs [5, 8]. Finding an
algorithm to choose suitable powers represents another
practical solution to reduce required fibers.

Dose-volume histogram

A DVH, more properly called a cumulative dose vol-
ume histogram, expresses the percentage of an organ
that has received more than a given dose [20]. It is use-
ful to summarize the volumetric distribution of light
doses. Second code allows plotting DVH (fig. 9¢) that
corresponds to figure 9b. For higher accuracy; dis-
tance between pixels has been reduced to 0.05 cm.
Consequently, number of slices is 40 slices (2/0.05 cm);
total considered points are 40x40xnumber of slices.
Plotting the prism with finer voxels causes much longer
time to get ¢, matrix (final fluence rates resulting from
four CDFs), while the time needed to calculate the DVH is
only a second or so because no feasibility procedures are
involved. Using DVH, it is possible to estimate percentage
of points which accumulated sufficient light doses. With
optical properties of breast cancer, sufficient light doses
are attained in more than 95% of all cube points. Figure
9c¢ shows DVH. Another case is studied with optical prop-
erties of brain cancer (1,=0.2 cm, u' =5 cm™) [5] (all
other inputs are fixed). Results indicate that percent-
age of the covered volume with accepted light dose is
reduced to 10% of the number of pixels with brain cancer
(u,=0.2 cm™, u'=5 cm™). Low level of percent cover-
age imposes using much more CDFs. T.M. Baran and
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Puc. 9. Light distribution from four CDFs with s = 50 mW/cm, t = 150 sec, p, = 0.085 cm™, y =16 cm™:
a — Four CDFs placed at (0.5, 0.5, 2), (0.5, 1.5, 2), (1.5,
b — The distributed light forms a volume that is approximately 2x2x2 cm. Colors are the same as in figure 8;
¢ — The Dose-volume histogram for the results of four CDFs with 40x40x40 pixels. The vertical axis is the percent of
total pixels that receive light doses. Summing the number of points showed that more than 63000 pixels out of 64000

Puc. 9. PacnpeaeneHune ceeTa, Nojly4eHHOE NpU MCNoNb3oBaHum YeTbipex CDF npu s = 50 mBT/cm, t =150 ¢, p_ = 0,085 cm,

a - MNonoxkeHnue yetbipex CDF, pasmeleHHbix B Toukax (0,5, 0,5, 2), (0,5, 1,5, 2), (1,5, 1,5, 2), (1,5, 0,5, 2);
b - PacnpegeneHue cBeta o6pa3yeT 06beM, KOTOPbIA cocTaBnseT NpUMMepHo 2x2x2 cM. LiBeTa Takue e, KaK Ha

¢ — MMctorpamma «06bem-go3ar» ansa pesynbratoB YeTbipex CDF ¢ 40x40x40 nuKkcenein. BepTtukanbHas ocb — NPOLEHT
OT 06LLEero KoJinyecTBa NUMKCeNEen, KOTOpbie NONy4aloT CBETOBbIE A03bl. CyMMUpOBaHMe 06Lero KoinyecTBa NnuKkcenemn
noKasano, 4to 6onee 63000 nukcenen ns 64000 nony4munn gocTaTtouyHyto CBETOBYIO A03Y

b c

1.5,2),(1.5,0.5, 2);

T.H.Foster et al.[7] used eight CDFs to deliver 2270-2350J
(333-1178 J/cm?) to accumulate 90 J/cm? in 90% of tumor
volume that was 5 cm?® approximately. By raising the
delivered power (s) or time treatment the percentage of
coverage rises as well. In this regard, consumption of oxy-
gen and the kind of photosensitizer must be considered
in in vivo studies according to the treated organ.

Conclusion

This study is considered as the first inclusive descrip-
tion of cylindrical diffuser fibers using basic equation of
diffusion theory (eq. 1). It was found that optical proper-
ties and distance away from CDF had the major effects
on light distribution. For light absorbing media (i.e.
prostate) which is virtually made of blood, high power
is required in order to attain adequate light distribution
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Abstract

This work is a review of modern scientific data on the process of aging, as well as the prospect of using photodynamic therapy for correction of
involutional skin changes in the age cohorts, cohorts with a burdened medical history, including cancerous and precancerous skin neoplasms. The
data on the predicted increase in life expectancy and, as a consequence, the potential risk of pathologies, including those with skin localization,
progression of malignancy processes, as well as the formation of de novo elements, is presented. The increase in life expectancy also demonstrates
the socialization of the elderly population, along with the increasing need for correction of involutional skin changes. However, considering the risks
associated with the chronic diseases and increased malignancy in this cohort, methods have to be carefully selected. One such technique is photo-
dynamic therapy (PDT). PDT is actively used in oncology, and recently has been increasingly showing its aesthetic effectiveness. It can be predictably
used not only on cancer patients, but also in an age cohort.

Keywords: photodynamic therapy, correction of involutional changes, actinic keratosis.
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COBPEMEHHOE COCTOAHME METOOB KOPPEKUMMA
MHBOMIOLIMOHHbIX UBMEHEHWIA KOXMU
M MECTO ®OTOAMHAMMUYECKOM TEPAMMM CPEAN HUX

M.A. beiimanoea', H.H. Motekaes'?, B.B. MetyHuna?

'MOCKOBCKMIA HOYYHO-NPAKTUYECKMIA LEHTP AEPMATOBEHEPONOMUM M KOocmeTonorum, Mocksa,
Poccus

2PoccuitcKmit HAUMOHAMbBHBIA MCCNEAOBATENbCKMIA MEANLMHCKUIA YHUBEPCUTET

numenn HM. MNuporosa, Mockea, Poccus

Pe3lome
[aHHas paboTa npefcTaBnAeT cobo 0630p COBPEMEHHbIX HayUHbIX AaHHbIX O MPOLIeCCax CTapeHUsi KOXM, a TakXKe O NepcrneKkTVBe NCMosb-
30BaHVA MeToAa GOTOANHAMUYECKON Tepanu A1 KOPPEKLMI MHBOJTIOLMOHHbIX M3MEHEHWI KOXW Yy BO3PacTHOro HaceneHus. NprBoaaTca
AaHHble I'IpOFHOBI/IpyEMOFO yBEﬂI/I‘-IEHVIﬂ I'IpOﬂOﬂ)KI/ITeﬂbHOCTI/I KU3HU U, KaK cieqcrene, noteHuaabHOro pI/ICKa BO3HUKHOBEHWMA I'IaTOJ'lOFI/II7I,
B TOM yncne KO)KHOM NoKann3sauunun. YBenmqume I'IpOﬂOﬂ)KI/ITeﬂbHOCTI/I MKU3HU TaKXe ﬂGMOHCTpMpyET 1 counanm3aumnto NoOXKMJIoro HaceneHus,
BMecCTe C TeM BO3paCTaIOLL|yIO I'IOTpe6HOCTb B npeo6pa>Keva| n KoppeKumm WNHBOJTIOLMOHHbIX I/I3MeHeHVII2 KOXW, HO, yLWITbIBaH pI/ICKI/I B CBA3U
C HaIMymeMm XpOHMYECKMX 3a60neBaHni 1 BO3pacTaloLleil ManvrH13aunmmn JaHHON KOropTbl, CliefyeT TLaTeslbHO NogoupaTb METOANKM, YUN-
TbiBad BbllueﬁepE‘-II/ICﬂeHHble 0C06eHHOCTI/I. O,EI.HI/IM 13 TaKNX METO0B ABJIAETCA ¢0T0,I1I/IHaMVILleCKaﬂ Tepanvm. (DOTO,EI.I/IHaMVIl-IeCKaﬂ Tepanvm
aAKTUBHO I'IpI/IMeHHETCH B OHKOJIOrnu, a B nocnegHee BpeMﬂ BCe Yalllie NoKa3bIBaeT CBOIO 3¢¢GKTI/IBHOCTb B 3CTETUNYECKOM HanpaBneHmm, COOT-

BETCTBEHHO MNPOrHO3MpPyemMo MOXKET UCMOJIb30BaTbCA HE TOJIbKO Y OHKONIOrnM4eCcKnx 60JIbHbIX, HO 1 BO3paCTHOVI KOropTbl.

KnioueBble cnosa: d)OTO,D,VIHaMVNECKaH Tepanua, KoppekynAa NHBOJTIOLMOHHbIX VN3MEHEHWN, aKTUHNYECKNIA KepaTtos.
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Medicine has been developing rapidly in many ar-
eas recently, and cutaneous science is no exception.
Thanks to the OMICS revolution, researchers have come
to understand that the skin is one of the main links of
the key neuro-immune-endocrine axes of the body.
Stratification of skin diseases and individual skin con-
ditions allows for the implementation of targeted and
effective treatment methods. Close attention to skin
conditions is due to a significant increase in the aver-
age life expectancy of a person, as well as an alarming
increase in the number of patients with such diagnoses
as diabetes, skin cancer and other chronic diseases. At
the same time, demographic trends observed all over
the world make it more important to find clinical solu-
tions for numerous age-related (involution-type) skin
disorders caused by external and internal factors. In
the context of a deep study of human skin aging, it is
emphasized that maintaining functional activity in this
complex multicellular organ is key to maintaining the
quality of life in old age [1].

The recent advances in the study of age-related
skin changes have led to the development of classi-
fications of types of aging. In particular, one of them
was proposed in 2014 by Zh. Yu. Yusova and is present-
ed below:

1. Aging of the wrinkled type is more often observed
in people with dry, dehydrated skin, and the signs of ag-
ing are observed before the age of 40, with the spread of
wrinkles throughout the face. In this type, the skin has
gray color, and the dominant involution signs are wrin-
kles. Characteristic features: pronounced “crow’s feet”
in the periorbital area, wrinkling of the upper and low-
er eyelids, “corrugation” in the upper lip and chin area.
Some atrophic changes are observed, as well as blood
circulation disorders in the dermis. Ultrasound examina-
tion reveals a set of linear structures in the epidermis,
many areas with a high degree of the dermis fraying,
thinning and the reduction of its acoustic density.

2. Deformational type aging is more often observed
in people with oily skin prone to greasiness, which is
characterized by a decrease in elasticity, turgor and the
formation of a tired-looking face. The external signs of
this type of aging are pitting edema, a pronounced na-
solabial fold, and later the corners of the mouth become
drooping. Other characteristics observed are couperosis
and rosacea, smoothing of the face oval, sagging cheeks,
double chin, folds on the neck. Wrinkles for this type of

aging are less pronounced and are not the leading sign
of the process. In this type of aging, poor microcircula-
tion is also observed, but due to a decrease in venous
blood flow and the formation of edema in the tissues.
The ultrasound picture is characterized by an inhomoge-
neous hypoechoic structure, a dense epidermis, and the
inclusion of intercellular fluid.

3. Mixed-type aging refers to aging which is a combi-
nation of the two types described above. It is possible
to distinguish a special type, which features a combina-
tion of both wrinkles and pastiness, but in people with a
mixed type of skin aging, hyperkeratosis and pigmenta-
tion are observed, and skin thinning and complex micro-
circulation disorders are present: both blood flow to the
dermis and venous outflow are abnormal. In some areas,
ultrasound reveals the acoustic characteristics of the first
and second types of skin aging: before the cosmetic cor-
rection, the chin and cheeks feature heterogeneous, hy-
poechogenic structure with a dense epidermis and areas
of fraying, a subepidermal hypoechogenic band in the
periorbital area, dermis thinning, with the decrease in its
the density [2].

The classification of the skin aging mechanisms,
combined with the understanding of the process, helps
to make a correction plan for the improvement of the
appearance of mature and senior individuals. Most stud-
ies focus on the influence of solar radiation as the main
inducer of aging, but in older people, many additional
factors that go beyond environmental conditions should
be considered. Lifestyle factors such as diet, sleep, and
smoking are currently undergoing thorough analysis, as
are the general age-related conditions (menopause, dia-
betes, and heart and lung diseases). All these factors can
accelerate the natural deterioration of skin structure and
function, which can affect the effectiveness of involution
changes treatment. The search for new approaches to
managing skin aging is becoming more and more rel-
evant [3].

New scientific evidence has been obtained recently
to support the long-debated assumption that air pollu-
tion is also one of the causes of premature skin aging.
This conclusion is based on epidemiological and mech-
anistic data. In particular, exposure to the correspond-
ing particulate matter and nitrogen dioxide (NO,) is
associated with an increased risk of developing facial
pigmentation. In addition, genetic studies indicate
modification of gene penetration under environmental
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influence: women carrying certain genetic variants of
the aryl-carbohydrate receptor signaling pathway have
a higher risk of developing facial pigmentation spots
in response to exposure to fine particulate matter of a
certain size. Mechanistic studies prove a causal relation-
ship, since local exposure of human skin ex vivo or in
vivo to non-toxic concentrations of standardized diesel
exhaust mixture increases skin pigmentation, caus-
ing de novo synthesis of melanin through an oxidative
stress reaction. Therefore, the use of anti-pollution cos-
metics containing antioxidants, as well as aryl hydro-
carbon receptor antagonists, is effective for preventing
or reducing the development of skin pigmentation. In
a real-life situation, human skin is affected by both en-
vironmental factors simultaneously, i. e., solar radiation
and mechanical irritation. Relevant epidemiological
studies show that solid particles present in the tropo-
sphere and solar ultraviolet radiation interact with each
other. This makes it possible to discuss environmentally
caused skin aging [4].

Taking into account the speed of adverse changes in
the environmental situation, it is necessary to recognize
the fact that facial aging is one of the most popular top-
ics of modern “cutaneous science”. Changes in the hu-
man face inevitably progress over time; however, there
are many methods, both surgical and non-surgical, that
can reduce the stigma of aging and provide patients with
a desired appearance [5].

The shifting attitude to age-related changes in the
skin within the healthy lifestyle trend has been reflected
in the establishment of public health programs in a num-
ber of countries. Since facial wrinkles can be seen as a
marker of internal aging, there is an incentive to moti-
vate people to adopt a number of healthy behaviors in
senior age [6].

The mechanisms of skin aging include the action of
reactive oxygen intermediates (ROI), mitochondrial DNA
mutations and telomere shortening, as well as hormonal
changes [1]. The variable that determines the rate of ag-
ing of the skin or tissue as a whole is the predominance
of tissue degeneration over tissue regeneration. One dis-
tinguishes between the mechanisms of internal and ex-
ternal aging (photoaging). Special emphasis is placed on
the influence of ultraviolet (UV) exposure on the visual
signs of skin aging and the variability of UV effect de-
pending on the geographic location of a particular per-
son and their skin type. UV radiation has a direct photo-
chemical impact on the DNA, RNA, proteins and vitamin
D. At the same time, it is shown that skin aging processes
are initiated and often spread not only under the influ-
ence of UV, but also as a result of oxidative phenomena,
despite the recently recognized adaptive responses to
oxidative stress [7].

The increase in the average age of men and women
initiated the formation of the foundations of the so-
called “successful aging’, the founders of which are con-

sidered to be P. B. Baltes and M. M. Baltes, who proposed
a model of selective optimization with compensation [8].
It included the maintenance of health and the achieve-
ment of apparent well-being. E. Kahana and B. Kahana
focused on social and psychological resources of a hu-
man being, preventive and corrective adaptations, psy-
chological, existential and social well-being [9, 10]. The
theory of “successful aging” was further advanced by C.
A. Depp and D. V. Jeste, who showed that even in the
presence of disability, it is possible to maintain physical
and cognitive functioning and life satisfaction in general
[11,12].

Active longevity is currently promoted by Russian
researchers, but it is foreign scientists who first pro-
duced an evidence-based prediction of increased life
expectancy. It is expected that in the near future life ex-
pectancy will increase in 35 developed countries, with
a probability of at least 65% for women and 85% for
men. There is a 90% probability that life expectancy at
birth among South Korean women in 2030 will exceed
86.7 years, which corresponds to the world’s highest life
expectancy in 2012, and 57% probability for this indi-
cator to reach 90 years. The projected life expectancy
of women in South Korea follows that of France, Spain
and Japan. There is a more than 95% probability that
life expectancy at birth among men in South Korea,
Australia, and Switzerland will exceed 80 years in 2030,
and a more than 27% probability that it will exceed 85
years. More than half of the projected increase in life ex-
pectancy at birth for women will be due to an increase
in life expectancy over the age of 65. Thus, researchers
point to a constant increase in life expectancy, as well
as the need for careful planning of health care, social
services and pensions [13-15].

The improvement of the quality of life due to the
growth of therapeutic possibilities for the treatment
of chronic diseases is one of the factors that promote
the development of correction treatments against in-
volutional skin changes. The prospects for further ex-
pansion of the range of health, i. e., a period free from
age-related disability and diseases, are evaluated criti-
cally. Understanding human aging is a major challenge
for the physiological sciences. This is becoming an in-
creasingly urgent issue because of the increasing pro-
portion of people who live to old age, and because of
changes in the main reasons for the continued increase
in life expectancy. The previous increase was almost en-
tirely due to the prevention of mortality in childhood
and middle age. This process has been so successful
that there is little room for significant further increases
from the achieved level in the developed countries. The
recent increase in life expectancy is due to a new rea-
son. As a rule, we reach old age with better health, and
now the mortality rate in old age is lower. At the same
time, biologic science has established that there is al-
most certainly no fixed program of aging that is caused
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by the accumulation of damage throughout life. It be-
comes obvious that the aging process is much more
malleable than we used to think. This leads researchers
to look for factors that regulate this malleability, and to
identify relationships between, on the one hand, the
internal biological processes that cause many chronic
diseases and disorders, among which age is by far the
largest risk factor, and, on the other hand, social factors
and lifestyle that affect our individual health pathways
in old age [16].

Most researchers believe that one of the key direc-
tions in the development of anti-aging technologies
should be the enhancement of socialization among peo-
ple of senior age. In this aspect, non-invasive methods of
correction of involution-type skin changes are the most
promising field of dermatology and cosmetology, as evi-
denced by the variety of methods proposed for correct-
ing age-related skin changes.

The main noninvasive methods of correction of in-
volution changes in the skin of the face

1. CO, laser (A\10.6 um)

A CO, laser is a laser that operates on gas mix-
tures. The radiation of this laser is absorbed by
water molecules of tissues and cells, which leads
to vaporization (evaporation), and, as a result, the
emission of tissue structures with the formation of a
damage zone (ablation crater). The disadvantage of
the CO, laser is the release of thermal energy in the
tissue around the ablation site. If the power increas-
es, tissue removal accelerates, while the depth of
thermal exposure is reduced. The wavelength (A) of
10.6 microns pertains to long-wave radiation, and
its use allows to penetrate to a considerable depth,
unlike with other lasers [17].

There are 2 modes:

1. Fractional: a) rejuvenation, b) correction of
scarring or stretch marks of the skin
2. Continuous: a) removal of skin neoplasms,
b) surgery.
2. Er:YAG laser (A 2.94 um)

Er:-YAG refers to solid-state lasers, and their
working medium is erbium and yttrium alumini-
um garnet. It is characterized by high absorption of
water molecules. Its wavelength is 2940 nm. It has
a smaller area and depth of penetration, in contrast
to the Co, laser, which results in a faster healing of
the surface which was treated. [18]

A more superficial effectin contrast to a CO, laser:

— rejuvenation (laser peeling)
— correction of scarring and stretch marks of
the skin.
3. Er:glass laser (A 1.54 um)

Er:glass laser on erbium glass. Chromophores
are water-containing components of the dermis,
which allows the thermal effect to act directly with-
out damaging the epidermis, with the activation

of neocollagenesis and reparative processes. The
wavelength of 1540 (1550 nm), which affects the
infrared range of radiation, is used for ablative frac-
tional photothermolysis [19].

Applications:

— correction of involution changes of the skin
— correction of scarring and stretch marks of
the skin
— dentistry
— ophthalmology
4. Intense pulsed light (IPL)

Intense pulsed light (IPL) is produced by a
source of electromagnetic radiation with a wide
range of wavelengths, i. e, polychromatic light
(from 420 nm to the mid-infrared spectrum) and is
delivered in the form of flashes (pulses) rather than
as constant light. As a rule, IPL technology involves
the use of filters in order to work with certain chro-
mophores. The main chromophores are melanin
and oxyhemoglobin. Blue and green light produce
an effect on the surface layers, while orange and
yellow spectra act on the middle layers of the skin,
and infrared light influences the deep ones. Green
light reaches the level of the papillary dermis and
has an effect on the vessels in this layer [20, 21].

The red spectrum is used for epilation of dark
hair, while the green spectrum is for vascular mal-
formations and correction of hyperpigmentation.

5. Exposure to high frequency radio waves

Morphological changes caused by exposition to
high-frequency radio waves occur in the deep lay-
ers of the dermis and the adjacent fat tissue. At the
same time, remodeling of the extracellular matrix of
the dermis causes the expansion of its deep layers
with the accumulation of collagens of the 1st and
3rd types and maintaining the ratio between them
in favor of type 1 collagen. Activation of neoangio-
genesis in the dermis can be considered a key anti-
aging factor of radio wave exposure, which occurs
gradually, reaching its maximum 12 months after a
single exposure [22]. The correction of involution
changes of the skin includes RF-microneedling and
RF-lifting.

6. Photodynamic therapy (PDT)

PDT is a two-component treatment method:
one of the components is a photosensitizer (PS), the
other is the light of a low-energy laser, the wave-
length of which corresponds to the peak of the PS
absorption. PDT is essentially selective destruction
of pathological tissue, which is achieved due to the
difference in the concentration of PS in pathologi-
cal and normal tissues, as well as due to the local
application of a light source.

PDT is used in various areas of modern derma-
tology and cosmetology. Some see this technique
as a new opportunity for the treatment of micro-
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bial infections complicated by microbial resistance.
Clinical experience with PDT in the field of derma-
tology for the treatment of infections is mainly re-
lated to the use of 5-aminolevulinic acid (5-ALA)
and the use of phenothiazine modifications in den-
tistry. It is expected that in the coming years, PDT
will be introduced for the treatment of complex
infections, and will be administered with the use
of modern antimicrobial PSs targeted at microbial
cells [23]. Treatment of papillomatoses with a com-
bination of surgery and PDT is recognized as effec-
tive and safe: with a relapse rate of 25%, the level
of satisfaction with treatment in patients was 95%
three months after treatment and 100% six months
after treatment [24].

The prospects and results of PDT application re-
ceive increasing attention at various international
conferences, where the issue is discussed by medi-
cal cosmetology experts. PDT can help correct pig-
mentation, reduce skin roughness, eliminate fine
lines and improve the complexion, as well as reduce
actinic elastosis. The anti-aging effect of various
PDT methods used in different modes with differ-
ent PSs is documented in research publications. In
particular, it is proved that topical PDT “stops” some
signs of skin aging: the severity of fine wrinkles,
spotty hyperpigmentation, tactile irregularity and
yellow color decrease. It has been confirmed by im-
munohistochemistry methods that PDT normalizes
collagen production and increases epidermal prolif-
eration. An indirect stimulation of neocollagenesis
occurs under the influence of cytokine production
[25]. Due to the effect of PDT on the skin, its tex-
ture improves, its elasticity increases, the number of
small wrinkles decreases, and deeper ones become
less pronounced and increase skin elasticity [26].
In support of the above, the results of a number of
studies are provided in the following part.

The most commonly used PSs in cosmetology are
5-aminolevulinic acid (5-ALA) and its methyl esther
(MAL). Their use significantly increases the efficiency
of PDT, both in its classic version with the use of ac-
tivating light sources and with daylight. Just two ses-
sions of PDT of the facial skin with MAL using red light
(37 J/cm?) resulted in a significant increase in collagen
deposition and a decrease in of solar elastosis signs.
An immunohistochemical study confirmed an increase
in the expression of procollagen-l and matrix metallo-
proteinase 9 genes [27]. The effectiveness of MAL as a
PS in combination with the therapeutic effect of red
color was also evaluated in a double-blind randomized
placebo-controlled study of the treatment of photo-
aging of face skin. In this study, half of the participant’s
face was exposed to PDT, with a second course 2-3
weeks later, and the other half of the face was irradi-
ated with red light without the use of PS (placebo).

The primary result was the assessment of the total
photo damage 1 month after the second session. Sec-
ondary control points were a comparative assessment
of the skin condition in terms of the presence of fine
wrinkles, pigmentation, tactile roughness, yellowness,
erythema and telangiectasia 1 month after the second
session. The use of MAL showed significantly higher
effectiveness of facial skin photoaging treatment com-
pared to placebo. This therapy was found to be effec-
tive for all other specific secondary indicators, except
for telangiectasis [28, 29].

As for the frequency of procedures with MAL, cosme-
tologists usually recommend 2 or 3 procedures with an
interval of 3-6 months before clinically and aesthetically
visible results of the therapy are achieved. The choice of
the interval between PDT courses depends, first of all, on
the initial clinical indicators and the individual reparative
potential of the patient, which are revealed after the first
PDT procedure. However, an interval of 4 weeks, or even
longer, should be observed between treatments in the
case of additional intermediate effects on the skin (any
of the types) [30].

It is believed that one of the ways to improve the ef-
fectiveness of PDT against actinic keratosis is to use it in
combination with drug therapy. For example, research-
ers have examined the effectiveness of a combination of
PDT amd Imiquimod and 5-Fluorouracil creams, Ingenol
mebutat gels, Tazarotene and Calcipotriol ointment. Pa-
tients receiving combined treatment showed a higher
clearance rate of actinic keratosis (HR 1.63; 95% Cl 1.15-
2.33; P = 0.007). Similarly, the clearance of actinic kerato-
sis in PDT with topical applications was higher compared
to monotherapy (HR 1.48; 95% Cl 1.04-2.11; P = 0.03). A
subgroup analysis was performed for PDT in combination
with Imiquimod, revealing an increased total clearance
rate compared to monotherapy (HR 1.57,95% Cl 1.09-2.25,
P =0.02). No PDT-induced pain or registration of local skin
reactions after treatment were reported. The combination
of PDT with other local medicinal effects actually improves
the clearance rates of actinic keratosis compared to any
monotherapy. This study highlights that the sequential
use of two treatment methods provides an effective ther-
apy in patients with multiple foci of actinic keratosis [31].

In addition to the combination with medications, the
authors also report that the combination of PDT with
various physical techniques, such as microdermabrasion,
microneedle exposure, and laser therapy, improves the
clinical effectiveness and cosmetic results of treatment of
actinic keratosis [32].

Taking into account the impairment of the environ-
ment and its role in the aging process, the increasing
share of elderly people in the society, as well as the ac-
cumulation of cancer and precancerous skin pathologies,
it is possible to talk about the prospects of PDT methods
for cosmetic correction in persons with a burdened his-
tory.
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Abstract

The article presents a methodology and results of developing diagnosis related groups (DRGs) for the cases of healthcare provided with
the use of radiotherapy and chemoradiotherapy for malignant neoplasms in Russian Federation. A key element of the methodology is
the standardized module of healthcare (SM) which allows calculating the tariffs for medical care in accordance with clinical guidelines.
As a result of the application of the new methodology, in 2019, changes were made to the DRG model in terms of payment for radio-
therapy and chemoradiotherapy. The changes included developing 10 DRGs for in-patient radiotherapy and 10 DRGs in day hospital;
7 DRGs for in-patient chemoradiotherapy and 5 DRGs in day hospital. New classification criteria have been introduced into the DRG
model for attributing the case to a certain DRG, in addition to the medical service used before. The number of fractions became a new
criterion for radiotherapy, the number of fractions and the international non-proprietary name of the drug were proposed for chemo-
radiotherapy. A wider range of DRG's weight coefficients was calculated, which allows more differentiated reimbursement of the costs
of medical care provided by medical organizations depending on the method and the regimen used.

Keywords: radiotherapy, chemoradiotherapy, diagnosis related group, standardized module of healthcare, clinical guidelines, standard of medi-
cal care.
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Peslome

B cTatbe npeacTaBneHbl MeTOAMKa 1 pe3ynbTaTbl POPMUPOBAHNA KNNHNKO-CTaTucTudeckunx rpynn (KCM) ana onnatbl ciyyaes rocnutannsa-
Ln Npvi NPOBEAEHNM JTYYEBOW U XMMIOJTyYEBOM Tepanum 60/1bHbIM CO 3/10KaYeCcTBeHHbIMY HOBoobpasoBaHuamMu. KCI cpopmrpoBaHbi B pe-
3ynbTaTe pacyeTa 3aTpaT Ha OKa3aHue MeAVLIMHCKON MOMOLLM Ha OCHOBE CTaHAAPTV3MPOBaHHbIX MOAYyNel MeJULMHCKO NMOMOLUM, KOTOpble,
B CBOIO Ouepe/ib, COOPMUPOBaHbI CXOAA U3 KNMHUYECKNX peKoMeHAauun. B pesynbrate npriMeHeHNA HOBO METOAMKMN BHECEHbBI U3MEHEHUA
B mogenb KCI 2019 r. B yacTu onnaTbl ly4eBOM 1 XMMMONy4YeBoi Tepanum: BMecTo Tpex KCI, cyuiectBoBaBLIMX paHee, chopmmpoBaHo no 10
KCT pna nyyeBon Tepanuu B yCNOBUAX KPYFIOCYTOYHOrO U IHEBHOrO CTaumoHapa; 7 KCI ana xMMunonyyeBon Tepanum B yCNOBUAX KPYrnocy-
TOYHOro cTaumoHapa n 5 KCI' ansa xumunonyyeson Tepanum B YCJI0BUAX AHEBHOTO CTalmoHapa. B moaenb KCI BBeaeHbl HOBbIE, AOMONTHUTENb-
Hble K MeAULIMHCKOW YCyre, UCMOb30BaHHON paHee, KnaccudrikauoHHbIe KpUTepun, MO3BOMALLE OTHECTY Clyyal rocnutanusauum K KCI:
ANA Ny4YeBON Tepanuu — KoNmyecTso GpaKLvn, AnA XMMMNOYUYEBOW — KOIMYECTBO GpakLmnii 1 MexyHapoAHOe HenaTeHTOBaHHOE HauMeHO-
BaHVe JlekapCTBEHHOTO Npenapata. YBenuyeH AranasoH koadguumeHTos 3aTpatoemkocTu KCI, uto no3sonset 6onee anddepeHLMpoBaHHO
BO3MeLLaTb MeULIMHCKMM OpraHu3aLaAM 3aTpaThbl 38 OKa3aHHYI0 MEeAVLIMHCKYIO MOMOLLb B 3aBUCMMOCTY OT MPOBOAVIMOrO METOAA U peXnma
NyYeBON UM XMMMNOJTYyYeBOIA Tepanuu.

KnioueBble cnoBa: iyyeBas Tepanuia, XMMUOyYeBas Tepanis, KNMHNKO-CTaTUCTUYECKIME FPYNMbl, CTAaHAAPTU3MPOBaHHBIN MOAYIb, KNMHN-
yeckune pekomeHAaL Uy, CTaHAAPTbI MeULIMHCKON MOMOLL.

Ana umtuposaHua: Jlepoeckux 0.A., CemakoBa E.B., OmenbaHosckuin B.B., KpaBuos A.A. [Mpoxoposuy E.A., ABkceHTbeBa M.B.,
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Introduction

According to the legislation in the field of healthcare
in the Russian Federation (RF), medical care must be pro-
vided on the basis of clinical recommendations [1]. Cur-
rently, payment for specialized medical care provided
in a round-the-clock and day hospital at the expense
of compulsory medical insurance (CHI) is effected for a
case of hospitalization pertaining to a group of diseases,
including the diagnosis-related group (DRG). The DRG-
based payment method is used in most of the Russian
regions.

In 2018, the DRG intended for payment for antitumor
drug therapy of solid tumors in adults was significantly
changed; a method was used that allows for bringing
the rates for paying for medical care in accordance with
clinical recommendations through standardized mod-
ules (SM) of medical care [2]. However, the DRG for pay-
ments for medical care connected with radiation therapy
has not changed since the development of the group:
for both round-the-clock (since 2013) and day hospitals
(since 2016), there were only three DRGs, and assign-
ment to them was based on the type of service provided,
encoded in accordance with the nomenclature of medi-
cal services. A small variation in the relative cost-inten-
sity coefficients (CIC) of DRG did not allow for adequate
payment for resource-intensive radiation therapy. In this
regard, it was necessary to review the DRG in order to
align the rates with clinical recommendations, which
should contribute to a more equitable reimbursement
of expenses of medical organizations that provide care
for cancer. The purpose of this work was to form DRGs
for payment for radiation and chemoradiation therapy,
based on clinical recommendations.

BIOMEDICAL PHOTONICS T.8,N24/2019

Materials and methods

Coordination of DRG with clinical recommendations
was carried out by creating SMs for cases of hospitaliza-
tion for the purpose of radiation and chemoradiation
therapy and calculating the cost of medical care based
on them, followed by attributing cases with a similar cost
to a single DRG.

The method of forming DRGs on the basis of clinical
recommendations with the use of SMs developed by the
FSBI“Center for Expertise and Quality Control of Medical
Care” of the Ministry of Health of Russia [3], includes 4
stages:

1. The development of SMs containing complexes
of medical interventions used to provide medical
care with a certain method and mode of radiation
or chemoradiation therapy in the case of hospi-
talization in a round-the-clock or day hospital.

2. The estimation of the expected number of hospi-
talizations to the round-the-clock and day hospi-
tals for radiotherapy and chemoradiotherapy on
a national scale.

3. SM-based calculation of hospitalization costs
with the use of each method and radiation or
chemoradiation therapy.

4. DRG formation.

SMs at the first stage are formed in the case of hospi-
talization of a patient with a specific malignant neoplasm
for radiation or chemoradiotherapy by a certain method
and in a certain mode. The structure of SMs corresponds
to the standard structure of medical care approved by
order of Ministry of Health of Russia: SMs included lists
of the medical services used, medicines and medical sup-
plies, with indication of frequency and number of admin-

HEALTHCARE MANAGEMENT

37



—
Z
L
>
L
Q)
<
Z
<
=
Ll
o
<
O
L
=
<
L
L

Ledovskikh Yu.A., Semakova E.V., Omelyanovskiy V.V., Kravtsov A.A.,

Prokhorovich E.A., Avxentyeva M.V., Zheleznyakova I.A., Petrovskiy A.V.

New approaches to formation of diagnosis-related groups for payment for radiotherapy

and chemoradiotherapy based on clinical guidelines with the use of standardized modules of healthcare

istrations within the same hospitalization [4].

SM development was based on the following:

e 35 clinical recommendations for solid tumors in
adults approved by the Association of Oncolo-
gists of Russia (AOR) at the time of the work (from
June to September 2018), which described the
methods and modes of radiation or chemoradia-
tion therapy (Table 1);

e the procedure for providing medical care in the
“Oncology” profile [5],
medical services nomenclature [6],
the state register of selling price limits [7],

e statistical data on the incidence of malignant tu-
mors in 2017 [8].

The SM was formed with due consideration of the
method of radiation therapy described in the clinical
recommendations: remote (conventional or conformal),
contact (intrastitial or intracavity) or radionuclide thera-
py, as well as of the equipment necessary for radiother-
apy (X-ray devices, gamma-ray devices, linear electron
accelerators).

The number of hospitalizations for radiotherapy and
chemoradiotherapy is predicted at the second stage by
constructing and processing decision trees that sche-
matically represent the management options for patients
with a certain malignant neoplasm. The tree nodes con-
tain signs that influence the choice of patient manage-
ment tactics; they were determined for each malignant
neoplasm type based on clinical recommendations. The
frequency of each treatment option was determined by
expert oncologists and radiotherapists. The number of
patients to be treated was calculated based on statistical
data on the incidence of malignant tumors [8].

The cost of hospitalization for radiation or chemora-
diotherapy by a specific method and in a specific mode
is calculated at the third stage based on the developed
SMs. The cost of the case is formed from the sum of the
costs of medical services, medicines and therapeutic
food indicated in the SM, and included the salary ex-
penses (doctors, nurses and other medical personnel and
specialists with higher and secondary medical education
involved in the provision of medical care, and adminis-
trative and general support personnel of the institution)
and other direct and indirect costs of the medical organi-
zation. Based on the actual data on the current practice
in the Russian regions, the estimated expected number
of hospitalizations was distributed according to the con-
ditions for the provision of actual medical care: 65% of
cases were attributed to the conditions of a 24-hour hos-
pital and 35% to a day hospital.

The formation of the DRG at the fourth stage was
performed by dividing the SM covering a certain group
of radiotherapy and chemoradiotherapy methods into
subgroups and then combining subgroups with a simi-
lar cost in the DRG, based on the calculated cost of the

corresponding SM and the number of hospitalizations
received for it. The clinical parameters that characterize
the methods and modes of radiation or chemoradiation
therapy were determined, allowing for attributing the
case of hospitalization to the selected subgroup. These
clinical parameters are proposed as classification criteria
for assigning a case of hospitalization to a DRG.

Based on the estimated number of hospitalizations
included in the DRG and their cost, the weighted average
cost of each DRG in rubles was calculated and converted
to the cost-intensity coefficient (CIC) by dividing by the
base rate equal to 20,911.95 rubles for a 24-hour hospital
and 11,629.43 rubles for a day hospital.

Results

Based on 35 clinical recommendations, 245 SMs for
radiotherapy and 275 SMs for chemoradiotherapy were
created. All but three of the SMs described hospitaliza-
tion in both round-the-clock and day-care settings. The
remaining 3 SMs, for radioiodotherapy, radioiodine abla-
tion and intracranial radiotherapy, have been developed
only for round-the-clock hospitalization, as these meth-
ods may not be used in a day hospital.

To determine the expected number of hospital ad-
missions, 35 decision trees were constructed, one for
each clinical recommendation. For example, figure 1
shows a fragment of the decision tree related to stom-
ach cancer.

Based on the methods used, which are characterized
by different resource consumption, the developed SMs
for radiation therapy are divided into 4 groups of meth-
ods: remote, conformal, contact and radionuclide thera-
py. SMs for chemoradiotherapy are divided similarly, but
according to three groups of methods (Table 2).

Within the groups of radiotherapy and chemoradio-
therapy methods, subgroups are identified that are char-
acterized by economic homogeneity, with due account
for the distribution of the number of hospitalization
cases.

SMs related to the conditions of a 24-hour hospital,
developed for conformal teletherapy, were classified into
5 subgroups (Fig. 2), and for conventional therapy, radio-
nuclide therapy, and contact radiotherapy, into 3, 2, and
1 subgroup, respectively.

For teletherapy methods, the number of fractions
became the clinical parameter that allows for attributing
the case of hospitalization to the selected subgroup; for
radionuclide therapy, this factor is the INN of a radiophar-
maceutical drug; for chemoradiotherapy methods, two
parameters are used: the number of fractions and the
INN of the antineoplastic drugs, or a combination of INNs
of the antineoplastic drugs. The list of INNs of antitumor
drugs or their combinations was formed on the basis of
information about antitumor drugs included in the SM of
chemoradiotherapy (Table 3).
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Ta6nuual

MepeueHb KAMHUUYECKUX PEKOMEHAALMUI, BKAKOUEHHBIX B paboTy no ¢opmuposaHuto CM AAl METOAOB M PEXUMOB AYUYEBOM U

XUMUOAYUYEBOW Tepanuu

Table 1

List of the clinical guidelines used for the developing SM for methods and regimens of radiotherapy and chemoradiotherapy

10

11

12

13

14

15

16

17

18

HanmeHoBaHMe KNMHN4YECKOoN

pekomeHgaunmn

Pak nuiiesopa
Esophageal cancer

Pak »enyaka
Gastric cancer

Pak nogxenynouHom xenesbl
Pancreatic cancer

Pak npAmoin Knwkm
Rectal cancer

Pak wutoBraHOM xenesbl
Thyroid cancer

Pak roptanu
Cancer of the larynx

Pak wenkn matkn
Cervical cancer

Pak Tena matkn
Uterine corpus cancer

Pak npepcratenbHom »enesbl
Prostate cancer

Pak moueBoro ny3bips
Bladder cancer

MenaHoma Koxu
Skin melanoma

Pak Ko»k1 6a3a/IbHOKIETOYHbIN
VI MJIOCKOK/IETOUHbII

Basal cell and squamous cell skin carcinoma

Pak monoyuHo »kenesbl
Breast cancer

Pak nerkoro
Lung cancer

Pak neueHnn
Liver cancer

Pak »kenueBbIBOAALMX NyTel
Hepatobiliary cancer

Me3oTennoma nnespbl
Pleural mesothelioma

Onyxonu cpepocTeHna n cepaua
Mediastinal mass and cardiac tumor
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

HanmeHoBaHMe KNNHN4YECKOWN

pekomeHaaunn

Pak Tpaxen
Tracheal cancer

Onyxonu CIIIOHHbIX Xerne3
Salivary gland tumors

Pak roptaHornoTkm
Cancer of the hypopharynx

Pak ry6bl
Cancer of the lip

Pak HocornoTkum
Cancer of the nasopharynx

Pak nonoctu Hoca 1 MPUAATOYHbIX Masyx
Cancer of nasal cavity and paranasal sinuses

Pak potornotku
Cancer of the oropharynx

[110CKOKNETOUHbIV paK BY/bBbl
Squamous cell vulvar cancer

MNOCKOKNETOUHbBI paK BRaraauiia
Squamous cell vagina cancer

Pak nonoBoro uneHa
Penile cancer

[epMVHOreHHble ONYXONn Yy MYXUNH
Germ cell tumors in men

[NOCKOKNETOUHbIN PaK aHaJIbHOro KaHana,
aHaJIbHOro Kpas, NnepriaHanbHON KOXK
Squamous cell cancer of anal canal, anal margin,
perianal skin

KapunHoma Mepkens
Merkel cell carcinoma

3/710KayeCcTBEHHbIE OMYXOMN KOCTEN
Malignant bone tumors

CapKOMbI MAFKUX TKaHewn
Soft tissue sarcoma

[epBUYHbIE OMYXONV LIEHTPASIbHON HEPBHOW
cucTeMbl
Central nervous system primary cancer

MeTacTaTnueckoe nopakeHue rofiloBHOro Mo3ra
Central nervous system metastatic tumor
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KoHTakTHasA nyyeBas Tepanua (BKJIlOYaeT BHYTPUTKAHEBYIO U BHYTPUMOMOCTHYIO TEpPanuio)
Brachytherapy (including interstitial and intracavitary therapy)

PapvoHyknvpaHas Tepanua
Radionuclide therapy

JucTaHUMOHHasA NyyYeBasn Tepanusa KOHBEHLMOHaNbHaA B COYETaHUM C MPOTMBOOMYXOJIEBOIA
neKapcTBeHHON Tepanuven (BKNOYaeT Tepanumio Ha raMma-annaparbl, IMHENHbIe yCKopUTenm
SN1EKTPOHOB)

Conventional external-beam radiotherapy in combination with chemotherapy (including therapy
using gamma-ray machines, linear electron accelerators)

Xummnonyyesas Tepanua  KoHdopMHaa AMCTaHLMOHHAA Tepanua B COYETaHUN C NPOTMBOOMYXOJIEBO JIeKapCTBEHHOW
Chemoradiotherapy Tepanueii (BKntouaeT TexHonoruu IMRT, IGRT, VMAT)
Conformal external-beam radiotherapy in combination with chemotherapy (including IMRT, IGRT,
VMAT technologies)
KoHTaKTHas niyyeBas Tepanusa B COMETaHUN C MPOTMBOOMYXOJIEBOV JIeKapCTBEHHOW Tepanuei
(BKNIIOY@ET BHYTPMMNONIOCTHYIO Tepanuio)
Brachytherapy in combination with chemotherapy (including interstitial and intracavitary therapy)

Ta6nuua 2
MepeueHb rpynn MeToAOB AyYeBOM U XMMUOAYUEBOMW Tepanuu
Table 2 —
List of groups of radiotherapy and chemoradiotherapy methods yd
LLI
Bupg npoTnBoonyxoneBon E
Tepanuun lpynnbl MeToAO0B NNy4YeBoll U XMMUOSY4eBOI Tepanuu L
[ncTaHUMOHHan NyyeBas Tepanusa KOHBEHLMOHaNbHas (BKITIOUYaeT Tepanuio Ha %
peHTreHoTepaneBTMYECKMX anmnapaTax, ramMma-anmnaparbl, IMHEHble YCKOPUTENUN 3N1EKTPOHOB)
Conventional external-beam radiotherapy (including therapy using X-ray machines, gamma-ray <
machines, linear electron accelerators) E
Jlyuesas Tepanus KoHdpopmHasa ancTtaHumoHHana Tepanua (BkntoyaeT TexHonorun IMRT, IGRT, VMAT) LLl
Radiotherapy Conformal external-beam radiotherapy (including IMRT, IGRT, VMAT technologies) 24(
@)
T
|_
—1
<
L
I

IMRT - nyyeBas Tepanua ¢ MOAYIMPOBaHHOW MHTEHCUBHOCTbIO / intensity-modulated radiation therapy
IGRT - nyueBas Tepanua c Bu3yanbHbIM KOHTponem / image-guided radiation therapy
VMAT - poTaumoHHoe 06beMHO-MOfyNMpoBaHHoe obyyeHne / volumetric modulated art therapy

500000 35000
450000 30000
400000

350000 25000
300000 20000
250000

200000 15000
150000 10000
100000

50000 J/I\ 2000

- 3
2 3 518 10|12 15 16121 24 25 27 30 32 33 |35 40

Konuuectso dpakumii / Number of fractions

s CpenHAn CTOMMOCTL OKa3aHnA MegUUMHCKON noMowy Ana KoHGOopMHOIT OHCTAaHUMOHH O Nyueeo
Tepanun No CTaHOApTH3MPOoBaHHOMY Mogynto, py0./Average cost of medical care for conformal
radiotherapy according to the standardized module, RUB

Konuuecteo cnyvaes/Number of cases

Puc. 2. OnpeaeneHve noarpynn MeToA0B Ny4eBOW U XMMUOJTyHEBOM Tepanuu Ha npumepe KOHGOPMHOW ANCTAHLIMOHHOW Jly4eBOMn
Tepanuu, NPOBOAMMOM B YCIOBUSIX KPYITIOCYTOYHOrO CTaLMoHapa

Fig. 2. Determination of the subgroups of radiotherapy and chemoradiotherapy methods by the example of conformal external-beam
radiotherapy conducted in a full-time hospital
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Ta6Gnuua 3

MepeueHb MeXAYHapPOAHbIX HENAaTEHTOBaHHbIX Ha3BaHWUM
AeKapCTBEHHbIX NpenapaToB U UX COYETaHUN, UCNOAb3Ye-
MbIX NpU GOPMUPOBAHUN KAUHUKO-CTATUCTUUECKUX Tpynn
Table 3

List of drugs and their combinations used for developing

diagnosis related groups (according to their international

non-proprietary name)

n MHH nekapcTBeHHbIX NpenapaToB 1 NX COYeTaHWI

1 JokcopybuuunH
Doxorubicin

2 KaneunTabuH
Capecitabine

3 Kap6onnaTtuH
Carboplatin

4 MuToMULMH + KaneunTabuH
Mitimycin + Capecitabin

5 MutomnumH + pTopypauun
Mitomycin + Fluorouracil

6 MaknuTtakcen + KapbonnaTuH
Paclitaxel + Carboplatin
Temo3zonomung

7 .
Temozolomide

8 TpacTty3ymab
Trastuzumab

9 TpacTy3ymab + neptysymab
Trastuzumab + Pertuzumab
OTopypauun

10 .
Fluorouracil

1 LleTykcuma6b
Cetuximab

12 Linknodpocdammp + nokcopybrumnH + uucnnatvH
Cyclophosphamide + Doxorubicin + Cisplatin

13 LUncnnatnH
Cisplatin

14 LincnnatvH + pnouetakcen
Cisplatin + Docetaxel

15 LincnnatvH + kaneunTtabux
Cisplatin + Capecitabine

16 Lincnnatun + ¢ropypaumn
Cisplatin + Fluorouracil

17 STtono3ung + uucnnaTuH

Etoposide + Cisplatin

MHH - mexpayHapofHoe HenaTeHTOBaHHOe Ha3BaHune

In the next stage, some subgroups from different
groups of methods were combined into one DRG based
on the similar cost.

For methods of remote conventional radiotherapy,
including therapy on X-ray devices, gamma-ray devices,
linear electron accelerators, 3 DRGs were formed for ra-
diotherapy in round-the-clock and day hospitals with a
range of fractions up to 5 (inclusive), from 6 to 20 and
more than 21 (inclusive).

For conformal remote radiotherapy, including IMRT,
IGRT, and VMAT technologies, 5 DRGs were formed for
round-the-clock and day hospitals with a range of frac-

tions up to 7 (inclusive), 8 to 10, 11 to 20, 21 to 32, and
more than 33 (inclusive).

Contact radiotherapy, which includes intra-cavity
and intra-tissue therapy, is combined with radionuclide
therapy, which places radioiodotherapy and radioiodine
ablation and strontium chloride therapy [#°Sr], into the
same DRG for both round-the-clock and day-care hos-
pitals. Interstitial radiation therapy, radioiodine therapy
and radioiodine ablation were included only in the DRG
for 24-hour hospital.

The two remaining radionuclide therapies (samarium
oxabifor [*3Sm] and radium chloride [**Ra]) are com-
bined into one DRG due to the higher cost.

For methods of chemoradiotherapy with a combina-
tion of remote conventional radiation therapy with anti-
neoplastic drugs (with the exception of Temozolomide,
Cetuximab and a combination of Trastuzumab and Pertu-
zumab), 2 DRGs were formed for a 24-hour hospital with
arange of fractions of up to 29 (inclusive) and more than
30 (inclusive) and one DRG for a day hospital (without a
division by the number of fractions).

In respect of the combination of conformal remote ra-
diotherapy with antitumor drugs (with the exception of
Temozolomide, Cetuximab, a combination of Trastuzum-
ab and Pertuzumab), 2 DRGs were formed for a 24-hour
hospital with a range of fractions up to 29 (inclusive) and
more than 30 (inclusive), and one DRG for a day hospital
(without division by the number of fractions).

Methods of remote radiotherapy in combination with
Trastuzumab and Pertuzumab are combined into a sin-
gle DRG for both round-the-clock and day-care hospitals,
regardless of the method of radiation therapy and the
number of fractions, since the calculated cost of hospital-
ization for the SM was largely determined by the cost of
antineoplastic medications.

Similarly, methods of remote radiotherapy in combi-
nation with temozolomide or cetuximab were also com-
bined into a single DRG for both round-the-clock and
day-care hospitals, regardless of the method of radio-
therapy and the number of fractions.

Based on the results of the work performed, the DRGs
were established, and the corresponding CICs were cal-
culated:

o for payments for radiation therapy, 10 DRGs of a

round-the-clock hospital and 10 KSG of a day hos-
pital (Table 4);

e for payments for chemoradiotherapy (radiation
therapy in combination with drug therapy), 7
DRGs of a round-the-clock hospital and 5 DRGs of
a day hospital (Table 5).

Clinical parameters that characterize methods and
modes of radiation or chemoradiation therapy were in-
troduced as additional classification criteria for previous-
ly used medical services encoded in accordance with the
nomenclature, which made it possible to refer the case
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Ta6nuua 4
KAMHUKO-CTaTUCTUUECKME TPYNNbl AAA AYy4EBOKW Tepanuu No yCAOBUAM OKa3aHUA MEAULIMHCKOM NOMOLLM C YKa3aHWeM Koadh-
pULMEHTOB 3aTPATOEMKOCTH —
Table 4 Z
Diagnosis related groups and their weight coefficients for radiotherapy conducted in full-time and day hospitals 0
OnucaHue B paciindpoBLiIKe Metopa n pexxum nyueBon Tepanumn ‘ K3 E
KpyrnocyTouHblin cTaumoHap 2
Full-time hospital -
JlyuyeBas Tepanusa (ypoBeHb 1)  KoHBeHUManbHaa AncTaHUMOHHasA nyyeBan Tepanus (1-5 dpakuyuin) 104 <
Radiotherapy (level 1) Conventional external-beam radiotherapy (1-5 fractions) ! E
JlyueBas Tepanua (ypoBeHb 2)  KoHdopmHaa AncTaHUMOHHaA nyyeBas Tepanua (1-7 dpakuuin) 149
Radiotherapy (level 2) Conformal external-beam radiotherapy (1-7 fractions) ! Ll
KoHTaKTHaA 1 pagnoHyknnaHaa nyyesas Tepanua (pagnonoatepanus, gé
JlyueBas Tepanua (ypoBeHb 3)  paguoriofabnaums, Tepanua CTpoHUMA xnopugom [#Srl) 415 O
Radiotherapy (level 3) Brachytherapy and radionuclide therapy (radioiodine therapy, radioiodine ablation !
therapy, strontium chloride [¥Sr] therapy) E
JlyueBas Tepanua (ypoBeHb 4)  KoHBeHUManbHaa AMCTaHLMOHHaA nyyeBas Tepanua (6-20 dpakuumi) 532 —1
Radiotherapy (level 4) Conventional external-beam radiotherapy (6-20 fractions) ! <C
JlyueBas Tepanusa (ypoBeHb 5)  KoHbopMmHasa AMcTaHUMOHHaA nyyeBad Tepanua (8—10 dpakuuin) 468 %
Radiotherapy (level 5) Conformal external-beam radiotherapy (8-10 fractions) !
JlyueBas Tepanua (ypoBeHb 6)  KoHdopmHaa AncTaHUMOHHaA nyyeBas Tepanua (11-20 dppakuumin) 747
Radiotherapy (level 6) Conformal external-beam radiotherapy (11-20 fractions) !
PapvoHyknuaHasa nyyesas Tepanus (Tepanua camapusa okcabudopom ['*3Sm] v pagua
JlyueBas Tepanua (ypoBeHb 7)  xnopuaom [2Ral) 871
Radiotherapy (level 7) Radionuclide therapy (samarium oxabifor ['**Sm] therapy and radium chloride [***Ra] !
therapy)
JlyueBas Tepanua (ypoBeHb 8)  KoHBeHLManbHaa AMCTaHLMOHHaA nyyeBas Tepanua (bonee 21 dppakuuii) 942
Radiotherapy (level 8) Conventional external-beam radiotherapy (more than 21 fractions) !
JlyyeBas Tepanusa (ypoBeHb 9)  KoHbopMmHasa AMCTaHUMOHHaA nyyeBas Tepanua (21-32 dppakumin) 1287
Radiotherapy (level 9) Conformal external-beam radiotherapy (21-32 fractions) ’
JlyueBas Tepanua (ypoBeHb 10) KoHdopmHaa ancTaHLMOHHasA nyyeBas Tepanua (bonee 33 dppakuuin) 19.73
Radiotherapy (level 10) Conformal external-beam radiotherapy (more than 33 fractions) !
[lHeBHO cTayMoHap
Day hospital
JlyuyeBas Tepanus (ypoBeHb 1)  KoHBeHUManbHaa AUCTaHUMOHHas nyyeBas Tepanua (1-5 dpakuuia) 106
Radiotherapy (level 1) Conventional external-beam radiotherapy (1-5 fractions) !
JlyueBas Tepanua (ypoBeHb 2)  KoHdopmHas AnCTaHLMOHHaA nyyeBas Tepanua (1-7 dpakumin) 183
Radiotherapy (level 2) Conformal external-beam radiotherapy (1-7 fractions) !
JlyueBas Tepanua (ypoBeHb 3)  KoHBeHUManbHaa AMCTaHLMOHHaA nyyeBas Tepanua (6-20 Gpakumin) 231
Radiotherapy (level 3) Conventional external-beam radiotherapy (6-20 fractions) !
KoHTaKTHas 1 pafnoHyKnaHas JlydyeBas Tepanus (Tepanus CTpoHLmA xnopuaom [#Sr])
gg;ii??]ﬂe;epagemceﬁYBOBeHb 4 Internal radiotherapy and radionuclide therapy (radioiodine therapy, radioiodine 2,84
Py ablation therapy, strontium chloride [¥Sr] therapy)
JlyueBas Tepanua (ypoBeHb 5)  KoHdopmHaa ancTaHLUMOHHasA nyyeBas Tepanua (8—10 ¢ppakuuin) 416
Radiotherapy (level 5) Conformal external-beam radiotherapy (8-10 fractions) !
JlyueBas Tepanusa (ypoBeHb 6)  KoHBeHUManbHaa AUCTaHUMOHHasA nyyeBasn Tepanua (6onee 21 dpakuuin) 45
Radiotherapy (level 6) Conventional external-beam radiotherapy (more than 21 fractions) !
JlyueBas Tepanua (ypoBeHb 7)  KoHdopmHaa AncTaHUMOHHaA nyyeBas Tepanua (11-20 dppakuuin) 631
Radiotherapy (level 7) Conformal external-beam radiotherapy (11-20 fractions) !
JlyueBas Tepanua (ypoBeHb 8)  KoHbopMmHasa AMCTaHUMOHHaA nyyeBad Tepanua (21-32 ¢ppakumi) 1119
Radiotherapy (level 8) Conformal external-beam radiotherapy (21-32 fractions) !
PapguoHyknupHas nyyeBas Tepanua (Tepanua camapusa okcabudopom [*3Sm]
JlyueBas Tepanua (ypoBeHb 9) 1 pagusa xnopuaom [°Ral) 15.29
Radiotherapy (level 9) Radionuclide therapy (samarium oxabifor ['**Sm] therapy !
and radium chloride [**Ra] therapy)
JlyueBas Tepanua (yposeHb 10) KoHdopmHaa ancTaHLMOHHasA nyyeBas Tepanua (bonee 33 dppakuuin) 17.42
Radiotherapy (level 10) Conformal external-beam radiotherapy (more than 33 fractions) !
K3 - koadpduumeHT 3aTpaTtHOCTH
DRP - diagnosis related group
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Ta6nuua s

KAMHUKO-CTaTUCTUUECKME rPYNMbl AAA XMMUOAYUEBOW Tepanuu (\yueBas Tepanus B COUETaHWU C A€KapCTBEHHOMW Tepanuein)
no yCAOBUAM OKa3aHWUA MEAULMHCKOW MOMOLLM C yKa3aHUueM KO3pPpULIMEHTOB 3aTPaToeMKOCTU

Table 5

Diagnosis related groups and their weight coefficients for chemoradiotherapy (radiotherapy in combination with chemo-
therapy) conducted in full-time and day hospitals

OnucaHue B paclunppoBLKe

JlyueBas Tepanua B coueTaHUn
C NleKapCTBEHHOW Tepanuei (ypoBeHb 1)
Chemoradiotherapy (level 1)

JlyueBas Tepanua B coueTaHUN
C NeKapCcTBEHHON Tepanueli (YypoBeHb 2)
Chemoradiotherapy (level 2)

JlyueBas Tepanus B coueTaHUN
C NleKapcTBEHHOW Tepanuei (ypoBeHb 3)
Chemoradiotherapy (level 3)

JlyueBas Tepanua B coveTaHUN C
NeKapcTBeHHOW Tepanuvei (ypoBeHb 4)
Chemoradiotherapy (level 4)

JlyyeBas Tepanuma B coueTaHUn
C NeKapCcTBEHHOI Tepanueii (ypoBeHb 5)
Chemoradiotherapy (level 5)

JlyyeBas Tepanus B cOYETaHNN
C NeKapCcTBEHHON Tepanueli (YypoBeHb 6)
Chemoradiotherapy (level 6)

JlyueBas Tepanusa B couyeTaHUn
C NleKapCTBEHHOW Tepanuei (ypoBeHb 7)
Chemoradiotherapy (level 7)

JlyueBas Tepanusa B couyetaHun
C NleKapCTBEHHOW Tepanuei (ypoBeHb 1)
Chemoradiotherapy (level 1)

JlyueBas Tepanua B coyeTaHUn
C NleKapCTBEHHOW Tepanuei (ypoBeHb 2)
Chemoradiotherapy (level 2)

MeTop n pexxum ny4yeBoun Tepanumn K3
KpyrnocyTouHbli cTaumoHap
Full-time hospital
KoHTakTHaA nyyeBas Tepanua B COYETaHUV C IEKAPCTBEHHON Tepanmen 385
. S - ,
Brachytherapy in combination with chemotherapy
KoHBeHLManbHaa AucTaHLMOHHaA nyyeBas Tepanua (1-29 dpakumin)
B COYETaHWU C IeKapCTBEHHON Tepanueli (3a NCKtYeHrem
neKapcTBeHHO Tepanuy TEMO30/1I0OMUAOM, LIeTyKCMabom nnuv
TpacTy3ymabom+nepTy3ymabom) 9,47
Conventional external-beam radiotherapy (1-29 fractions) in combination
with chemotherapy (excluding Temozolomide, Cetuximab, Trastuzumab +
Pertuzumab)
KoHBeHUManbHaa AUCTaHUMOHHaA nyyYeBan Tepanua (6onee 30
dpaKumin BKIIOUMTENBHO) B COYETAHUN C NleKapCTBEHHON Tepanuen (3a
UCKIOYEHEeM NIeKapCTBEHHON Tepani TEMO30I0MUAOM, LieTyKCMmabom
nnu Tpactysymabom-+neptysymabom) 10,95
Conventional external-beam radiotherapy (more than 30 fractions) in
combination with chemotherapy (excluding Temozolomide, Cetuximab,
Trastuzumab + Pertuzumab)
KoHdopMHasa fncTaHUMOHHaA nyyeBas Tepanua nyyesas Tepanua (1-29
dpaKLmin) B COYETaHUV C IEKapCTBEHHON Tepanuen (3a UCKIoYeHneM
NneKapcTBeHHO Tepanuyi TEMO30/IOMULOM, LIETYKCUMabom nnu
TpacTy3ymMabom+nepTy3ymabom) 13,16
Conformal external-beam radiotherapy (1-29 fractions) in combination
with chemotherapy (excluding Temozolomide, Cetuximab, Trastuzumab +
Pertuzumab)
KoHdopMHas AncTaHLMOHHaA nyyeBas Tepanua nyyesas Tepanua (bonee
30 dpakunii BKNIOUNTENBHO) B COYETAHNN C TIEKAPCTBEHHOW Tepanuvei (3a
UCKIOYEHNeM NIeKapCTBEHHON Tepanin TEMO30I0MUAOM, LieTyKcMmabom
UNK TpacTy3ymabom-+nepTy3yMmabom) 14,63
Conformal external-beam radiotherapy (more than 30 fractions) in
combination with chemotherapy (excluding Temozolomide, Cetuximab,
Trastuzumab + Pertuzumab)
KoHBeHLUManbHasa 1 KOHGOPMHaA ANCTaHLMOHHAA NyYeBas Tepanus, B
coyeTaHUU C neKapCcTBEHHON Tepanuel TpacTysymabom+nepTysymabom 1917
Conventional and conformal external-beam radiotherapy in combination !
with chemotherapy using Trastuzumab + Pertuzumab
KoHBeHLManbHasa 1 KOHGOPMHasA ANCTaHLMOHHAA NyYeBas Tepanus,
B COYETaHWU C IeKapCTBEHHON Tepanuell TEMO30/1I0MULOM WK
LeTykcrmabom 31,29
Conventional and conformal external-beam radiotherapy in combination
with chemotherapy using Temozolomide or Cetuximab
[IHeBHOW CTauMoHap
Day hospital
KoHTaKTHaA nyyeBas TepanuvaA B COYETaHUN C IEKaPCTBEHHON Tepanuen
. s ; 3,92
Brachytherapy in combination with chemotherapy
KoHBeHLManbHaa AUCTaHLMOHHAA NyyeBas Tepanuva B cCoueTaHnm C
NeKapCTBEHHON Tepanuen (3a NCKNoUYeHVEM NIeKapCTBEHHOW Tepanun
TEMO30JIOMUAOM, LIETYKCMMabom unm Tpactysymabom+nepTysymabom) 749
I

Conventional external-beam radiotherapy in combination with
chemotherapy (excluding Temozolomide, Cetuximab, Trastuzumab +
Pertuzumab)
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KoHpopMHas ArcTaHUMOHHas JydeBas Tepanvs lyueBas Tepanus
B COYETaHWV C IeKapCTBEHHO Tepanuen (3a NCKIloueHnem

JlyueBas Tepanusa B couyetaHnn
C NleKapCTBEHHOW Tepanuei (ypoBeHb 3)
Chemoradiotherapy (level 3)

NeKapCcTBeHHON Tepanuy TeMO30/0MUAOM, LiIeTyKCUMabom nnu
TpacTy3ymabom+nepTy3ymabom)
Conformal external-beam radiotherapy in combination with

13,98

chemotherapy (excluding Temozolomide, Cetuximab, Trastuzumab +

Pertuzumab)

JlyueBas Tepanua B coueTaHUn
C NleKapCTBEHHOW Tepanuei (ypoBeHb 4)
Chemoradiotherapy (level 4)

KoHBeHLUManbHasa 1 KOHGOPMHaA ANCTaHLMOHHaA NyyeBas Tepanua B
coyeTaHnU C fIeKapCTBEHHO Tepanueit TpacTysymabom+nepTysymabom
Conventional and conformal external-beam radiotherapy in combination
with chemotherapy using Trastuzumab + Pertuzumab

25,11

KoHBeHUmanbHasA n KOH¢0pMHaﬂ ANCTaHUMOHHAaA ny4vyeBasd Tepanna

JlyueBas Tepanus B coyeTaHun
C NeKapCcTBEeHHOW Tepanuen (ypoBeHb 5)
Chemoradiotherapy (level 5)

AUCTaHLMOHHAasA JlyyYeBasn Tepanus B COYETaHNM C IEKaPCTBEHHOW
Tepanven TeMo30/10MULOM U LeTyKCMMabom
Conventional and conformal external-beam radiotherapy in combination

44,65

with chemotherapy using Temozolomide or Cetuximab

K3 - koadpduumeHT 3aTpaTtHOCTH
DRP - diagnosis related group

of hospitalization to the proposed DRG for radiation and
chemoradiation therapy. For radiation therapy, an addi-
tional classification criterion was the number of fractions,
for chemoradiation, the number of fractions and the INN
of the drug, in accordance with the list shown in Table 3.

Discussion

The calculation of the cost of medical care to pa-
tients with malignant neoplasms with radiotherapy and
chemoradiotherapy methods in 2019 allowed us to re-
view the approaches to the formation of DRG used for
billing hospital admissions in the CHI system. The costs
are calculated by processing the SMs created on the ba-
sis of clinical recommendations, thus creating conditions
for solving the task facing the Russian healthcare system,
i. e, the implementation of clinical recommendations in
practice.

As a result of this work, the number of DRGs for radia-
tion therapy in the DRG model 2019 has been increased
compared to the previous year: from 3 to 10, for round-
the-clock and day hospital conditions. CICs underwent
a major revision: if the previous models featured the
spread of 2.0-3.53 for a 24-hour hospital and 3.64-6.42
for a day hospital, in the 2019 model they went up to
1.04-19.73 and 1.06-17.42 for a 24-hour hospital and day
hospital, respectively. DRGs for chemoradiotherapy were
developed, which were absent from the previous ver-
sions of the model. New classification criteria have been
introduced for classifying a case of hospitalization as DRG
in addition to the medical service previously used: the
number of fractions for radiation therapy; the number
of fractions and INN of antineoplastic drugs for chemo-
radiotherapy [9].

The changes made to the DRG model should contrib-
ute to differentiated and more equitable reimbursement
of costs for medical care provided to medical organiza-
tions, depending on the treatment performed. The use

of additional classification criteria will make it possible to
accumulate information about the methods and modes
of radiation and chemoradiotherapy used in actual prac-
tice, and thus improve the approaches to planning the
volume of medical care at the level of the subject of the
Russian Federation. In the future, it will be possible to
compare the actual data on the methods and modes of
radiation and chemotherapy used with expert assess-
ments and use the results of such analysis for the de-
velopment of the DRG model. This information will also
made it possible to evaluate the compliance of the meth-
od and the mode of radiation or chemoradiation therapy
used in the provision of medical care to a specific patient
with clinical recommendations.

The classification of hospital admissions for radio-
therapy as DRG based on the number of fractions is used
in similar DRG classification systems in European coun-
tries, such as Denmark [10] and Germany [5, 6]. However,
DRG models are usually based on the data on the actual
costs incurred by medical organizations [13]. However, in
the Russian Federation, the information about the actual
costs of radiation and chemoradiotherapy is very scarce.
In addition, there is a widespread belief among special-
ists that the current CHI rates are insufficient to meet
the effective clinical recommendations. The proposed
approach is aimed at aligning tariffs with clinical recom-
mendations.

It is obvious that as the clinical recommendations are
updated, a revision of the DRG in terms of payment for
radiation and chemoradiation therapy will be required,
which will continue to maintain the rates for medical care
at a level sufficient to comply with the clinical recom-
mendations.

Conclusion
The 2019 DRG model for paying for radiation and
chemoradiation therapy was formed on the basis of a

HEALTHCARE MANAGEMENT

BIOMEDICAL PHOTONICS T.8,N24/2019

45



|_
Z
L
>
L
Q)
<
Z
<
>
L
o
<
O
T
-
<
L
I

methodology that allows for the alignment of the rates
for payments for medical care with clinical recommen-
dations. The proposed DRG model differs from the pre-
vious ones by the fact that it features a larger number
of groups, includes allocated groups for payment for
chemoradiotherapy, uses new classification criteria (the
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CASE REPORTS

Abstract

The results of an 11-year clinical observation and treatment of a patient with stage Il basal cell carcinoma of the face (T2NOMO) are presented. His-
tory of the iliness is associated with a long (from 2001 to 2008) inadequate treatment, due to the incorrect diagnosis. After the proper diagnosis was
established, from 2008 to 2019 at the Center for Laser and Photodynamic Diagnostics and Tumor Therapy of P.A. Herzen Moscow Oncology Research
Center, the patient underwent organ-preserving treatment using the multi-course photodynamic therapy (PDT) and drug targeted therapy. In total,
23 courses of PDT were conducted with photosensitizers of the chlorin series and 5-aminolevulinic acid during this period. Since 2018, the patient
is in the process of targeted drug treatment with Vismodegib. In the course of targeted drug treatment, a follow-up examination in 2019 revealed
continued growth of the residual tumor, and another course of PDT was carried out. Throughout the observation period, the patient tolerated the
treatment well, without complications, with a good quality of life and satisfactory cosmetic effect.

Keywords: basal cell skin cancer, photodynamic therapy, photosensitizer, targeted therapy, vismodegib.
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MHUNOMW um. TN.A. Tepuera — dunman PIeY «HMUL, paanonorum» Munsapasa Poccum,
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Pesiome

MpvBeaeHbl pe3ynbTathl 11-N€THEro KNMHWYECKOro HabnoaeHVA 1 NeYeHra NaLMeHTKY ¢ 6a3anbHOKNETOYHBIM PakoM Koxu nuua |l ctagun
(T2NOMO). AHamHe3 TeueHUs 3aboneBaHNA CBA3aH C AnuTeNbHbIM (C 2001 no 2008 rr.) HeafeKBaTHbIM NIeYeHVEM, BCIIeACTBMNE OTCYTCTBUSA
npasunbHOro anarHo3a. Mocne ycraHoBKM AnarHo3sa, ¢ 2008 no 2019 rr. 8 MHVOW nm. N.A. TepueHa B LieHTpe nasepHoii 1 dotogmHammye-
CKOW AMArHOCTUKM 1 Tepanuu omnyxoseil naureHTKe NpoBeAeHO OPraHOCOXPaHAIoLLiee leyeHne MeToOM MHOFOKYpPCOBO GpOTOANHaMM-
yeckon Tepanuu (OAT) n nekapcTBeHHOM TapreTHow Tepanuu. MNposeaeHo 23 kypca AT ¢ doToceHcMbrNM3aTopam XJIOPUHOBOTO pPsAaa
1 5-aMuHoneBynnMHoBON KucnoTbl. C 2018 1. NauMeHTKa HaXOANTCA B MpoLiecce NeKapCTBEHHOMO fleYeHNA TapreTHON Tepanvei BUCMoge-
rmbom. Ha poHe TapreTHOro NeKapCcTBEHHOIO NeYEHNA NPU KOHTPOJIbHOM 0cMOTpe B 2019 I. BbIABNEH NPOAOJIKEHHbIV POCT OCTaTOYHOMN
onyxonu, npoBeaeH ouyepeHoin Kypc OT. Becb cpok HabMogeHUsA NaLueHTKa nepeHocusna neyeHre XopoLLo, 6e3 0CIOKHEHNI C XOPOLLUM
KauyeCTBOM XV3HW 1 YAOBNETBOPUTENbHbIM KOCMETUYECKUM 3G dEKTOM.

KnioueBble cnoBa: 6a3anbHOKIETOUHbBIN pPaK KOXu, GoTogMHaMmueckas Tepanus, poToCeHCMOUNM3aTop, TapreTHasa Tepanus, BUCMogerno.
Ona yntupoBauma: OunoHeHko E.B., Ypnosa A.H., Baxabosa t0.B., Measeges C.B., MatopuH O.B., lpuropbesbix H.W., Kanpux A.[l. MHoro-
KypcoBas ¢poTogmHamMmnyeckas Tepanma npu 6asanbHO-KIETOYHOM PaKe KOXM LieHTpasibHOM 30HbI InLa (KNMHUYeckoe HabntofeHwue) // Bio-

medical Photonics. - 2019. - T. 8, N2 4. — C. 47-52. doi: 10.24931/2413-9432-2019-8-4-47-52
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Basal cell carcinoma (BCC) is the most common
skin cancer and the most common human malignancy
[1]. The incidence of 2.75 million of cases diagnosed
worldwide indicates its importance for public health
care. Worldwide, upwards of 3.5 million of cases of non-
melanoma skin cancer are diagnosed every year. BCC
accounts for approximately 75% of these cases, that is
not less than 2 million of new cases annually [2,3]. BCC
occurs predominately in white people with 30% risk of
development during lifetime [4]. The main principles of
management of BCC include not only cure but also spar-
ing of function with minimal cosmetic defect especially
for tumors on face.

A photodynamic therapy (PDT) is reasonable for BCC
with high risk of cosmetic defect following a surgical
treatment or radiotherapy. PDT is a method of selective
tumor destruction having the advantages of targeting
destructive effect on tumor tissue comparing with other
types of cancer treatment. Herewith, normal surround-
ing tissues are not affected offering multiple use of this
method without compromising normal tissues and de-
velopment of treatment resistance of the tumor, PDT has
been widely used in the clinical practice for BCC since
1978 worldwide and since 1992 in Russia [5].

Another type of selective anticancer intervention
for BCC is a targeted therapy. Vismodegib is an oral
first-in-class inhibitor of Hedgehog pathway signaling.
This is a small molecule which selectively inhibits a
Smoothened (SMO) protein blocking a signal transfer
into cell and prohibiting uncontrolled cell division [6].
The efficacy of Hedgehog pathway signaling inhibit-
ing in the treatment of locally advanced and metastat-
ic BCC of the skin was supported by phase Il ERIVANCE
international multicenter clinical trial. According to re-
sults of the trial, Vismodegib was approved by the US
Food and Drug Administration (FDA) in 2012 and the
European Medicines Agency (EMA) in 2013. In Russia
vismodegib was registered in 26.09.2013 (LP-002252)
and since that moment has been included into clinical
practice of Russian oncologists for treatment of adults
with metastatic and locally advanced BCC that has re-
curred after surgery or who are not candidates for sur-
gery or radiation.

We present the case of long-term management in pa-
tient with extended BCC of the central area of the face.

Patient K, 11 y.o., noticed a wound-like skin lesion
on the back of her nose in 2001. No self-treatment was
performed. In 2002 because of non-healing wound she
referred to a local dermatologist. Ointment applications
were administered with no effect. In 2004 a laser ablation
of the lesion was performed, but no healing or improve-
ment was observed. For 5 years the patient referred to
dermatologists in state and private clinics. Non-surgical
treatment using various ointments with slight effect was
performed. No morphological study was performed, the

lesion continued to grow. In October, 2007 the patient
was referred to the clinic of skin diseases in the medi-
cal university with continued growth of the lesion and
new foci on the skin of the nose and adjacent parts of
her cheeks. Neurotic excoriation and granuloma an-
nulare were diagnosed; local therapy with Curiosin gel,
NO-therapy, Longidaza 3000 ME, Actovegin gel, methy-
luracil ointment, 5% Xeroform ointment, Uriage gel was
performed. There was a 50%-55% regression of lesions.
In December, 2007 due to continued growth of the lesion
and new focus on the right cheek the patient referred to
a for-profit medical center, where a malignant tumor was
suspected for the first time and she was referred to PA.
Herzen Moscow Oncology Research Center (MORC). In
January, 2008 she presented in P.A. Herzen MORC where
exfoliative cytology revealed BCC. The tumor affected all
external nasal surfaces extending to cheeks. According
to check-up data there were no regional and distant me-
tastases. A clinical case was discussed on the extended
consilium, photodynamic therapy (PDT) was recom-
mended.

Taking into account the age of the patient, tumor lo-
calization, superficial tumor growth a topical 5-aminolev-
ulinic acid-mediated PDT (ALA-PDT) was considered.

In April and December, 2008 two courses of PDT with
ointment based on 5-ALA powder prepared ex tempore
were performed (Fig. 1).

In February, March and November, 2009 five (two,
one and two, respectively) courses of PDT with 5-ALA
ointment prepared ex tempore were performed.

In December, 2009 for the cytologically confirmed tu-
mor growth along the scar margin PDT with intravenous
photosensitizer was considered.

In December, 2009 one course with photohem was
conducted.

In April and November, 2010 two courses of PDT (one
with Photogem and one with Photoditazine) was per-
formed due to a continued tumor growth in the center
and along the margin of the scar (April) and 0.5x0.3 cm
tumor along the scar margin on the right side of the nose
(November) (Fig. 2).

In December, 2011 one course of PDT with Radachlo-
rin was performed due to the recurrence along the scar
margin up to 0.3 cm in diameter. A contrast-enhanced
magnetic resonance imaging (MRI) revealed no addition-
al lesions in soft tissues of the right ala against the scar
deformation; there was a skin and subcutaneous edema
1 cm above the nasal tip and along the left ala on the
area up to 17x12 mm.

In August, 2012 one course of PDT with Radachlorin
was performed due to the recurrence on the nasal tip,
dorsum, and right and left lateral walls.

In September, 2013 there was no complete tumor re-
gression following multiple courses of PDT and the pa-
tient was consulted by prof. Milanov N.O., academician of
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Puc. 1. KnuHu-
yecKasl KapTuHa
yepes 2 mec
nocsne nepBoro
Kypca ®AT
(uoHb 2008 1)
Fig. 1. Clinical
picture after the
first course of
PDT (June 2008)

RAS, the head of the Plastic and Maxillofacial Surgery de-
partment in .M. Sechenov First Moscow State Medicine
University for chance for extended surgical intervention
including reconstruction. Taking into account the pres-
ence of intact bone and chondral structures and benefit
from previous PDT courses the subsequent multiple PDT
courses were considered to be the method of choice.

In September, 2013 one course of PDT with photolon
was applied on six foci of recurrent BCC located along the
previous PDT area: the right lateral nasal wall near the ala
(a dark-pink tumor of 1 cm in diameter), similar foci on
the nasal tip (0.8x0.3 cm), the nasal dorsum (0.4 cm), and
the nasal root (0.4x0.4 cm). A contrast-enhanced MRI re-

vealed no significant changes in soft tissues of the face
comparing with MRI data in 2011.

In March and December, 2014 two courses of PDT
with Radachlorin were performed for the continued tu-
mor growth on the lateral nasal wall (1.0 cm) and the na-
sal dorsum (1.0x1.5 cm), respectively.

In August, 2015 one course of PDT with Radachlorin
was performed on five foci of BCC on the right cheek, the
nasal tip, left ala, left lateral wall, and dorsum.

A contrast-enhanced MRI of facial skull in November,
2016 revealed no additional lesions in soft tissues of the
nose against the scar deformation; there was a slight skin
and subcutaneous edema on the right side. No fair MRI
evidence for tumor lesion was obtained.

In May and December, 2016 two courses of PDT (Ra-
dachlorin and Levulon) were performed for recurrence
on the left cheek, nasal dorsum, left lateral wall, and left
cheek.

In March, May and December, 2017 three courses of
PDT (Photolon, Radachlorin, Levulon) were performed for
new tumor near the right internal canthus up to 1 cm in
diameter and the continued tumor growth along the scar
margin on the left cheek, left nasal lateral wall and nasal
vestibule, the right cheek along the lower and upper scar
margins. A contrast-enhanced MRI of facial skull in Octo-
ber, 2017: on native and post-contrast scans there are a
scar area up to 28 mm in length on the level of zygomatic
arch and a 9x13x8 mm tuberous soft-tissue component
with well-defined contrast accumulation. No destruction
or edema of bone structures and no subcutaneous fluid
accumulations were revealed (Fig. 3).

In March and July, 2018 two courses of PDT with Ra-
dachlorin were performed for BCC on the nasal root, right

Puc. 2. KnuHnyeckasa KapTuHa:
a - pgo nposegenus ®AT (anpenb 2010 1.);
b - nocne npoBeaexHus ®AT (uonb 2010 r.)
Fig. 2. Clinical picture
a — before PDT (April 2010);
b — after PDT (July 2010)
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Puc. 3. KnuHnyeckas KapTuHa:

a - go nposegeHus PAT (mapt 2017 r.);

b - nocne npoBeaexua ®AT (monb 2017 r.)
Fig. 3. Clinical picture

a - before PDT (March 2017);

b — after PDT (July 2017)

zygomatic region, right infraorbital region, right buccal
region, left lateral nasal wall, right nasal ala, nasal dor-
sum. A contrast-enhanced MRI of facial skull in January,
2018:a 28x6 mm scar in soft tissue of the right zygomatic
region was seen; near the nasal ala within the subcuta-
neous tissue there was a 9x11x8 mm oval soft-tissue
component with cord-like borders and homogenous
well-defined contrast accumulation on delayed series.
Accordingly, there was a 9x2 mm local thickening of the

skin in the nasal root region on the right with contrast ac-
cumulation on delayed series (no dynamics since 2017).
There were also local areas of hypervascularization in the
forehead skin above the nasal root up to 5x3 mm in size
(8x3 mm in October, 2017). A 4x5 mm local contrast ac-
cumulation within subcutaneous tissue of the half of the
right nasal ala, which were not seen on scans performed
on 23.10.2017; No destruction or edema of bone struc-
tures and no subcutaneous fluid accumulations were
revealed.

In July, 2018 a targeted therapy with Vismodegib (a
daily dose of 150 mg) was considered. Since September,
2018 up to now a drug therapy has been conducted
(Fig. 4).

In August, 2019 during follow-up examination on the
background of the targeted therapy with Vismodegib a
cytologically confirmed continued tumor growth on the
right nasal ala was diagnosed.

An MRI in August, 2019: when comparing with
the previous MRI (January, 2018), a positive dynam-
ics was observed (previously detected areas on the
lateral nasal wall, right nasal ala and forehead region
without pathological contrast accumulation). There
was a persisting lesion near the right nasal ala with
no changes in size. Morphological confirmation of
the continued tumor growth was performed by cy-
tological analysis.

Taking into account a residual tumor, a course of PDT
against the targeted therapy was considered on the ex-
tended consilium.

In November, 2019 one course of PDT with Photodita-

Puc. 4. KnuHnyeckas KaptuHa:

a- 4o npoBejeHusa HasHavyeHus Bucmogeruoa (monb 2018 r.);

b — yepe3 4 mec nocne Havyana nev4eHnss BUCMoaernoom;

c — yepe3 9 Mec nocne Havyana ie4eHUss BUCMOAErMGoM
Fig. 4. Clinical picture

a — before treatment with Vismodegib (June 2018);

b — after 4 months of treatment with Vismodegib;

¢ — after 9 months of treatment with Vismodegib
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Puc. 5. KnuHnyeckas kaptuHa (2019r.):

a — NPOAO/IKEHHBIN POCT ONyXONU Kpbina Hoca cnpasa go ©AT;

b — HeKpo3 onyxonu, 1 Heaens nocne OAT;
C — noJsiHas perpeccus onyxonu, 3 mec nocne AT
Fig. 5. Clinical picture (2019)

a — continued tumor growth on the right wing of the nose before PDT;

b - tumor necrosis, 1 week after PDT;
¢ — complete tumor regression, 3 months after PDT

zine for the residual tumor was performed. Three months
later a complete regression of the tumor was registered
(Fig. 5).

Discussion

This clinical case demonstrate a correct management
of BCC of the central facial zone with PDT in the young
patient, who had a tumor disease complicated by long-
lasting incorrect treatment due to misdiagnosis, an ab-
sence of cancer alertness in her physicians and delayed
morphological study for diagnosis confirmation. PDT
was the very optimal strategy which allowed a preserva-
tion of the patient’s face and stabilizing of initially locally
advanced tumor of the central facial zone before market
appearance of new generation drugs - targeted therapy
for BCC.

The experience of long-term treatment (11 years) of
the patient with PDT shows the efficacy of this organ-
preserving method in multicourse mode for frequent re-
currences of BCC. All courses of PDT were well-tolerated
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