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Abstract

Aim: to evaluate the efficacy and safety of a combined approach to neoadjuvant
treatment in patients with locally advanced gastric cancer complicated by
subcompensated tumor stenosis.

Material and methods. The clinical study included 84 patients with locally
advanced gastric cancer complicated by subcompensated tumor stenosis.
Patients were divided into two groups in a 1:1 ratio, the characteristics of
patients in both groups were comparable. Patients in the study group received
combination therapy: 4 cycles of polychemotherapy using the FLOT regimen
and 2 sessions of endoscopic photodynamic therapy; the control group received
standard treatment. The clinical efficacy and safety of the combination therapy
were assessed using the following measures: barium meal removal from the
stomach into the small intestine, tumor stenosis, nutritional insufficiency, BMI
and sarcopenia dynamics, tumor perfusion parameters, tumor regression grade
according to the TRG scale, and tumor response to treatment according to
the Response Evaluation Criteria in Solid Tumors 1.1. The safety assessment
methods for the combination therapy included the number of patients who
completed the preoperative treatment phase, adverse events according to the
Common Terminology Criteria for Adverse Events Version 5.0 scale, the
number of patients whose next cycle of polychemotherapy was delayed due
to drug toxicity, and the number of patients receiving leukopoiesis-stimulating
agents due to drug toxicity.

Results. The median contrast evacuation time was significantly lower in
the study group (12 h.) compared to the control group (17 h.; p=0.003).
Improvement of nutritional status after treatment was confirmed by an increase
in GOOSS scores and a decrease in NRS 2002 scores (p=0.010 and p=0.009,
respectively). In the study group, a higher BMI value (p=0.024) and a decrease
in the likelihood of sarcopenia (p=0.023) were observed. The vascular wall
permeability index was significantly lower (p=0.02), indicating a positive
effect of therapy on tumor microcirculation. Differences in tumor response
according to RECIST 1.1 between the groups were statistically insignificant
(p=0.513), but pathomorphosis according to the TRG scale was significantly
better in the study group (p=0.022). Treatment safety was demonstrated by
a reduced incidence of severe leukopenia and diarrhea, as well as fewer
chemotherapy delays (p<0.05) in the study group. Thus, the combination
approach demonstrated improved efficacy and an acceptable safety profile
compared to the control group.

Conclusion. Combination treatment of patients with locally advanced gastric
cancer complicated by subcompensated tumor stenosis at the preoperative stage
demonstrated high efficacy and safety and can be recommended for routine use.
Keywords: gastric cancer, tumor stenosis, endoscopic photodynamic therapy,
complicated gastric cancer, combination therapy, Chlorin E6.
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OueHka adpchekTUBHOCTU U 6e3onacHOCTHU
KOMOUHUPOBaAHHOrO NoAaxoAa K HeoaablOBaHTHOMY
NevyeHuIo paka Xenyaka, OCJI0OXKHEeHHOro
CY6KOMMNEeHCUPOBaHHbIM ONyX0OJsIEBbIM CTEHO30M

A.A. CBeukoBa, A.X. Xamupg, A.A. 3axapeHko

Prb0Y BO «lMepsbivi CaHkT-IeTepbyprckmii rocyaapCTBEHHbIA MEANUMHCKUA YHUBEPCUTET UMEHM akaJeMuka
W.M. NaenoBa» MuHagpasa Poccuu (CankT-INeTepbypr, Poccuiickas Pegepauus)

AHHOTaUuA

Henb: oneHUTh 3¢pPeKTUBHOCTb U 6e3011aCHOCTh KOMOMHUPOBAHHOTO TTOJIXO0-
J1a K HeOaIbIOBAHTHOMY JIEYeHHIO GOJIbHBIX C MECTHOPACIIPOCTPAHEHHBIM pa-
KOM JKeJTyJiKa, OCJIOKHEHHBIM CyOKOMITeHCHPOBAHHBIM OITyXOJIeBBIM CTEHO30M.
Marepuan u MeToabL. B uccienoBaHye BKIIOYeHO 84 maryeHTa ¢ MeCTHO-
PacIpOCTpaHeHHBIM PAKOM JKeJIyJIKa, OCJIOKHEHHBIM CyOKOMITeHCHPOBAaHHBIM
crero3oM. [TanmeHTHI pacrpesiesieHs! Ha [jBe IPYIIbI B cooTHomeHuu 1:1, xa-
PaKTepHCTHKH ITalIMeHTOB 00eHX Py cornocTaBuMel. [lanyentam uccnemy-
€MO¥ TPYIIIBI IPOBOJWIOCH KOMOMHHUPOBAHHOE JIeYeHHe: 4 [UKIIA TOJTMXUMH-
orepanuu 1o cxeme FLOT u 2 ceanca sHIockonu4eckor GpoToarHaMUIeCKon
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Tepanuu. B KOHTPOJIbHO# TpyTiIie IIPOBOJMIIOCH CTaH/IAPTHOE JiedeHre. MeTojibl
OIIeHKH KIIMHUYecKou 3¢(peKTHBHOCTH KOMOMHUPOBAHHOTO JIeYeHHUsI: BpeMsl
3BaKyaluy GapreBol B3BECH U3 XKEJTyIKa B TOHKYIO KHUIIIKY, CTeIleHb OITyX0JIeBO-
TO CTeHO3a, CTelleHb Hy TPUTHUBHO# HEJIOCTAaTOYHOCTH, tuHamuka UIMT u capko-
TIeHHH, TIOKa3aTes ! epdy3HH OITyXOIIH, CTelleHb PerpeCcCHH OITyXOJIH 110 IIKaJle
TRG, oTBet ornyxonu Ha jiedeHue 110 KputepusiM Response Evaluation Criteria
In Solid Tumors 1.1. K MeTopiam onieHKkH 6e3011aCHOCTH KOMOMHHUPOBAHHOT'O
JIedeHHsl OTHOCHIIMCh: KOJIMYeCTBO OOJIBHBIX, 3aBepIMBIIMX HPeoNepaljyoH-
HbII 3Tall JledeHus], HexXkenaTesIbHble siBjeHus 110 1kaae Common Terminology
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Criteria for Adverse Events Version 5.0, konuuecTBo 60JIbHBIX, KOTOPBIM 3a-
JIePXKUBAJICS O9epeTHOM IUKJT HOJIMXUMUOTEPAITHH WK IPHMEHSIICS IIperapaT
TPYIIIBI CTUMYJLITOPOB JIEMKOII033a II0 IIPHYHHE JIeKapCTBEHHOH TOKCHYHOCTH.
Pesynsrarsl. [locie edeHys MeiyiaHa BpeMeHH 3BaKyalliy KOHTpacTa 6bl1a
3HAUYMMO HIDKEe B OCHOBHOM rpymie (12 4) mo cpaBHEHHIO C KOHTPOJIEM
(17 4; p=0,003). YiydmeHnue HyTPUTUBHOTIO CTaTyca MOCIe JiedeHHs MOfi-
TBEpPXK/JAJIOCh NOBbIIIeHneM noka3ateneidl GOOSS u cHmxeHneM 6amioB
o mkaie NRS 2002 (p=0,010 u p=0,009 cooTBeTcTBeHHO). B 0CHOBHOI
rpynie 3Ha4eHre UMT 3nauumo craso Boimie (p=0,024), a mokasatesb cap-
xonenuu cHusuincs (p=0,023). IToxasaresns TPOHUIIAEMOCTH COCYTUCTON
CTEHKH B UCCIIelyeMOM IrpyIie 6bU1 3HaUMTeIbHO HIKe (p=0,02), uTo cBU-
JIeTeJILCTBYeT O IOJIOXKHUTEILHOM BIIMSIHUM TePalliy Ha MUKPOIUPKYIISIHIO
omyxoind. Pazmuaus o orBety omyxonu o RECIST 1.1 mexny rpynma-
MU CTaTUCTUYeCKU He3HauuMbl (p=0,513), omqHako maTtomMop¢o3 1o MiKaje

TRG 6bu1 3Ha4MMO Jydie B ocHoBHoU rpymme (p=0,022). Be3onacHoctb
JIeYeHUs] COOTBETCTBYeT CHIPKEHHIO YaCTOTHI TSDKeJION JIeMKOIIeHUH U ina-
pew, a Takke MeHbIIEMY KOJIMYEeCTBY 3ajiepskek xumuorepanuu (p <0,05)
B OCHOBHOM rpymie. Takum 06pa3oM, KOMOMHUPOBAHHBIH MTOJXO0]] II0KA3aJl
yiTy4iieHHy10 3¢ppeKTUBHOCTD U IpueMJIeMbli TPodUIb 6e30ITaCHOCTH 110
CPaBHEHHUIO C KOHTPOJIEM.

BriBoabl. KoMO1HMpPOBaHHOE JIedeHHe Mal[MeHTOB C MeCTHOPACIIPOCTPaHeH-
HbIM PXK, ocioxkHeHHBIM CyOKOMITEHCUPOBAaHHBIM OITyXOJIEBBIM CTEHO30M, Ha
TIpefIoNeparMoHHOM JdTalle I0Ka3ajo BBICOKYIO 3¢ deKTUBHOCTE U He3omac-
HOCTb ¥ MOXKET ObITh peKOMEH/IOBAHO K TPUMEeHEeHHUIO B PyTUHHOM IIpaKTHKe.
KirroueBsie ciioBa: pak jkeJyika, OIyXOJIeBLIM CTeHO3, SH/I0CKOIIUYecKast
doToprHaMIYeCKas Tepanvisi, OCIIOKHEHHBIN PaK XKeTyika, KOMOWHUPOBAHHOE
nedenue, XopuH E6.
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m INTRODUCTION
Despite the considerable achievements in the treatment
and therapeutic approaches, gastric cancer (GC) retains
the status of a global medical problem that stems from the
aggressiveness and heterogenous nature of the disease [1].
According to the data of 2022, the GC incidence worldwide
was approx. 968,350 new registered cases, and the number
of negative outcomes was approx. 659,853 cases [2]. Among
all GC patients, 40% are hospitalized due to cancer-related
complications, of which the most common are hemorrhages
(22-80%), malignant gastric outlet obstruction (26-60%) and
perforation (less than 5%) [3]. Traditionally, treatment of
patients with malignant stenosis involves the creation of a
gastrojejunal anastomosis via open or laparoscopic approach,
typically performed as a Roux-en-Y antecolic or retrocolic
end-to-side anastomosis [4]. Today, the method of endoscopic
stenting of the tumor-obstructed lumen is one of the leading
minimally invasive methods of treatment of patients with
malignant tumor stenosis. This approach is implemented
using self-expanding metal stents and significantly reduces
the risk of postoperative complications compared to the
creation of a bypass gastroenteroanastomosis. However, the
method has its limitations, among which particular mention
should be made of the difficulties encountered when passing
a guidewire through the tumor-obstructed lumen in cases
of severe stenosis or tortuosity of the narrowed segment
[5]. These methods are more often used for patients with
disseminated or metastatic GC. As far as radical surgeries
for complicated GC are concerned, some authors report their
necessity in the event the patients have a tumor stenosis [6,
7]. At the same time, in locally advanced forms of GC, the
oncological outcomes after primary surgical treatment are
significantly worse: 5-year survival is 36% in the group
of patients with perioperative combination chemotherapy
(CCT) vs. 23% in the group that underwent only the surgical
treatment (OR 0.75; 95% CI, 0.60-0.93; P = 0.009) [8]. In
this regard, there arises a necessity of studying other methods
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of treatment of the tumor stenosis, in which a full course of
perioperative CCT is possible.

Endoscopic photodynamic therapy (ePDT) has long been
used in oncological practice and has demonstrated its efficacy
and safety in the treatment of both early GC, particularly
in comorbid patients, and gastric tumor obstruction as a
palliative approach [9-12]. In the pilot studies performed at
L.P. Pavlov First Saint Petersburg State Medical University,
a combination of ePDT+CCT proved its efficacy and safety
in the treatment of patients with locally advanced GC
complicated with a subcompensated tumor stenosis in the
preoperative stage [13-14].

With standard irradiation parameters, various
photosensitizers (PS), both foreign- and Russian-made, have
been used and have demonstrated their efficacy in gastric
adenocarcinoma: Radachlorin and Photoditazine. Currently,
Chlorin E6 is widely used: one of the most promising 3rd
generation photosensitizers produced in Russia. The primary
substance for the production of most photosensitizers is
Chlorin E6 sodium salt, obtained by chemical synthesis from
methylpheophorbide, which is extracted from the biomass of
the green microalga Spirulina platensis grown in Japan and
California. Currently, the urgent issue of replacing imported
intermediates with more readily available alternatives
is becoming increasingly pressing. In contrast to other
photosensitizers manufactured in the Russian Federation, a
technology for the production of Chlorin E6 (Photoran E6)
from Sosnowsky’s hogweed (Heracleum Sosnowskyi) has
been developed and standardized [15]. Based on clinical
experience with ePDT for tumor stenosis in patients with GC
and on official data indicating a wide “therapeutic window”
for the photosensitizer Chlorin E6 (1.0 mg/kg — 2.5 mg/
kg body weight), a pilot clinical study was conducted. It
demonstrated that ePDT with Chlorin E6 at a dose of
1.0 mg/kg is an effective and safe component of multimodal
treatment for patients with locally advanced GC complicated
by subcompensated tumor stenosis. Its use provides a
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comparable effect with a reliably improved safety profile and
lowed expenses. A treatment and diagnostic algorithm for the
multimodal preoperative management of patients with locally
advanced GC complicated by subcompensated tumor stenosis
has been developed and patented [16]. It appears promising
to conduct a clinical trial comparing the efficacy and safety
of this multimodal approach versus standard treatment in this
cohort of patients.

m AIM

To evaluate the efficacy and safety of a combined
approach to neoadjuvant treatment in patients with locally
advanced gastric cancer complicated by subcompensated
tumor stenosis.

m MATERIAL AND METHODS

A prospective and retrospective single-center comparative
clinical study was performed; the study design is shown in
Fig. 1.

Characteristics of patients. The study included 84 patients
aged over 18, ECOG status 0-2 with histologically verified,
potentially operable GC staged cT>2M0, complicated by
tumor stenosis. The patients were divided into two groups 1:1
prospectively to the study group, and pro- and retrospectively
to the control group.

Non-inclusion criteria: synchronous or metachronous
multiple primary cancer, presence of absolute
counterindications against drug or surgical antitumor

| Patientcharacteristics ______| Group 1: combined treatment (n=42) | Group 2: control (n=42) | __ p-value |
Male, N=49 27 (64.3%) 22 (53.4%)
Sex Female, N=35 15 (35.7%) 20 (46.6%) 0.376
below 45, N=7 5(11.9%) 2 (4.8%)
Age, years 45-80, N=77 37 (88.1%) 40 (95.2%) 0.059
over 80, N=0 - -
0, N=28 14 (33.3%) 14 (33.3%)
ECOG - status 1, N=38 20 (47.6%) 18 (42.9%) 0.849
2,N=18 8 (19.1%) 10 (23.8%)
2,N=18 10 (23.8%) 8(19.1%)
Ct 3, N=46 20 (47.6%) 26 (61.9%) 0.736
4a, N=20 12 (28.6%) 8 (19%)
0, N=15 7 (16.7%) 8 (19%)
1, N=31 16 (38.1%) 15 (35.7%)
Cn 2, N=26 15 (35.7%) 11 (26.2%) 0.248
3, N=12 4 (9.5%) 8 (19%)
I, N=4 3(7.1%) 1(2.4%)
lla, N=12 5(11.9%) 7 (16.7%)
Stage llb, N=11 4(9.5%) 7 (16.7%) 0.82
IIl, N=57 30 (71.4%) 27 (64.3%)
LG, N=30 14 (33.3%) 16 (38.1%)
Pathomorphology HG, N=24 10 (23.8%) 14 (33.3%) 0.368
SCC, N=30 18 (42.9%) 12 (28.6%)
Pre-treatment barium meal evacuation time, h 16 IQR [16;20] 20 1QR [16;20] 0.383
Pre-treatment GOOSS status, people «» 20 (47,6%) 19(45,2%) 0.828
«2» 22 (52,4%) 23 (54,8%)
Pre-treatment malnutrition score on NRS 2002 scale, points 4 1QR [3;4] 3 IQR [3;4] 0.354
Pre-treatment malnutrition score on NRS 2002 scale, people 34 (80,95%) 36 (85,71%) 0.864
Sarcopenia as per SARC-F questionnaire before treatment, points 4,51QR [2;5] 4,51QR [2;6] 0.764
Sarcopenia as per SARC-F questionnaire before treatment, people 27 (64,29%) 29 (69%) 0.94
BMI before treatment 24.8 IQR [19.09;28] 24 1QR[19;28.7] 0.971
ABV before treatment, mL/100 g 6.727 IQR [2.976;12.582] 11.044 IQR [6.727;16.642] 0.004
ABF before treatment, mL/100 g/min 45 1QR [28.65;82.85] 41 1QR [23.63;70] 0.497
PS before treatment, mL/100 g/min 17.982+12.999 17.592+10.546 0.880
MTT before treatment, s 12.04 IQR [7.353; 22.94] 13.41QR [8.41; 23] 0.343

Table 1. Patient characteristics: values are presented as the number of cases and their percentage

Patients included in the study,
Stage 1. N=84
Initial examination T 1
of patients Study group, Control group,
N=42 N=42
| I I
/ \ Primary examination,
filling of questionnaires
Stage I1. T I
Preoperative 4 CCT cycles, 4 CCT cycles,
treatment FLOT scheme FLOT +2 ePDT sessions
N T
| |
/ \ Evaluation of toxicity
Stage I11.

Preoperative examination,

Control preoperative , ° .
filling of questionnaires

examination

T
Exclusion of patients
~————— | in the event of progression [—»|
Stage IV. | Surgical treatment

Surgical treatment I

Pathomorphological study

|

Figure 1. Study design.
PucyHok 1. [lusalH uccnedoBaHus.

treatment, history of tumor bleeding, counterindications
against contrast-medium radiography.

The groups were comparable in sex, age, cT- and
cN-criteria, stage of the disease, pathomorphological
characteristics of the tumor, and general somatic status.

Ta6nuya 1. Xapakmepucmuka nayueHmoB: 3Ha4eHusi npusedeHsl B BUde KoJlu4ecmaa Cily4aes U UX NPOUeHmMHo20 COOMHOWEHUS!
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No differences were found in the initial metrics of clinical
manifestation of the tumor stenosis, nutritive status, presence
of sarcopenia and tumor characteristics according to perfusion
multi-slice spiral CT (MSCT). The initial parameters of the
patients are shown in Table 1.

Combined treatment method. According to clinical
recommendations of the Russian Oncology Association
“Gastric Cancer 2020”, the patients of both groups underwent
4 cycles of CCT under the FLOT scheme. In the study group,
before the first and the third cycles of pharmacological
therapy, three days before administration of cytostatic
drugs, the patients also underwent a session of ePDT of
the gastric tumor. The Chlorin E6 drug was administered
via IV drip in a dark room for 30 minutes, diluted in 200
mL of 0.9 % saline solution. For the patients of Group 1,
the drug was administered in the dose of 2.5 mg/kg body
weight. Three hours after the administration of the drug,
the tumor was locally irradiated with a 1.6 mm diameter
diffuse-type quartz lightguide SILMA-01 (“Polyronic”) using
the “LAKHTA-MILON” device (Russia) in the premises of
endoscopic operating room, under intravenous anesthesia
with preserved spontaneous breathing. The wavelength of
laser irradiation was 662 pm + 1% in pulse mode (900 mW),
pulse duration 150 ms with intervals of 90 ms, dosage of
400 J/cm2 (Fig. 2). The tumor volume was calculated using
MSCT data performed before the treatment. The position of
the lightguide was controlled using the Olympus GIF-Q180
endoscope and Olympus EVIS EXERA II processor (Japan).
To prevent photo-toxic reactions, all patients were advised
against staying in the direct sunlight and advised to wear
sunglasses for seven days after the photosensitizer was
administered. After each ePDT cycle and pharmacological
treatment session, the parameters of toxicity of administered
drugs were evaluated using the Common Terminology
Criteria for Adverse Events, version 5.0.

The preoperative treatment stage completed, the patients
of both groups underwent control examinations in order to
assess the antitumor effect and to summarize indications for
the surgical stage of treatment. If the control examinations
found progression of the disease, such patients were excluded
from the study. Before the surgical stage, nutritive status as
per NRS 2002 criteria, body mass index, sarcopenia index
were established again, as well as the degree of severity of
obstruction symptoms on the GOOSS scale. The surgical
treatment was performed 4-6 weeks after completion of the
preoperative systemic treatment.

Methods of evaluation of clinical efficacy and safety of
combined treatment included the following: dynamic of time
of evacuation of barium meal from the stomach to the small
intestine; dynamic of the indicator of degree of tumor stenosis
on the GOOSS scale; dynamic of presence and degree of
malnutrition; dynamic of BMI; dynamic of sarcopenia;
dynamic of values of perfusion of the gastric tumor (blood
volume, velocity of specific blood volume passing through
the specific volume of tumor tissue, permeability of vascular
wall in the area of gastric tumor, average time of transition
of the blood in the vasculature of the specific area of gastric
cancer); tumor regression grade on the TRG scale; tumor
response to treatment according to Response Evaluation
Criteria In Solid Tumors 1.1.

www.innoscience.ru

Patients included in the study,
N=84
I
[ ]
Study group, Control group,
N=42 N=42

| T
I

Neoadjuvant stage of treatment
I

; | *
-1 patient | Study group, Control group,
(progression after N=41 N=42
3d cycle of CCT) \ J
I

| Control examinations |
[
| Surgical treatment |

Study group, Control group,
N=40 N=41
v v
-1 patient -1 patient
(progression after (progression after
4th cycle of CCT) 4th cycle of CCT)

Figure 2. Exclusion of patients during treatment.
PucyHok 2. VicknodeHue nauueHmoB B npouecce Jle4eHust.

Methods of evaluation of safety of combined treatment
included the following: number of patients who completed
the preoperative stage of treatment; presence and severity of
leukopenia according to the Common Terminology Criteria
for Adverse Events Version 5.0; number of patients for whom
the next cycle of CCT had to be delayed due to drug toxicity;
number of patients for whom leukopoiesis stimulator drugs
had to be administered due to drug toxicity.

Statistical processing of data was performed in IBM
SPSS Statistics v.23. Quantitative data are presented as
median and interquartile range [IQR] or as mean and
standard deviation (M+SD). The Mann—Whitney U test
was used to compare independent groups for quantitative
variables, while Fisher’s exact test or Pearson’s x? test was
used for categorical variables. Differences were considered
statistically significant at p < 0.05.

30

25

15

10 X

Contrast agent evacuation, h

5 |

0

M Study group before treatment
Control group before treatment

Study group after treatment
Control group after treatment

Figure 3. Evacuation of contrast agent before and after preoperative
treatment in patients of the study and control groups.

PucyHok 3. 3Bakyayusi KOHmMpacmHozo Beuwecmsa 00 U nocsie
npeoonepayuoHHO20 JledeHus y nayueHmoB uccredyemoll u
KOHmMpornbHoU epynn.
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30 27
25 22 23
z 20 20
2 20 19
16
215
) 10
g 10
=
E 5 : 3 3 3
4
o —~H mllm
Study group Study group Control group Control group
before treatment after treatment before treatment after treatment
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Figure 4. Clinical and anamnestic assessment of the degree of
gastric stenosis according to the GOOSS scale before and after
preoperative treatment in patients of the study and control groups.

PucyHok 4. KnuHuko-aHaMHecmuyeckas oyeHka cmeneHu cmeHo3a
>xenyoka no wkane GOOSS 0o u nocne npedonepayuoHHO20
fledeHus y nayueHmos uccnedyemoll u KoHmposnbHol epynn.
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Figure 5. Impairment of nutritional status before and after
preoperative treatment in patients of the study and control groups.

PucyHok 5. HapyweHue HympumusHo2o cmamyca 30 u nocnie
npedonepayuoHHO20 JledeHus y nayueHmoB ucciedyemol u
KOHMpOnbLHOU epynn.

m RESULTS

Evaluation of efficacy of the combined approach. In the
study group, progression of disease after the third cycle of
CCT was found in one patient, and the data of this patient
was not included in the evaluation of efficacy and safety of
combined treatment. On contrast-enhanced MSCT performed
as part of the control evaluation after preoperative treatment,
disease progression was detected in one patient from the
study group and one patient from the control group. Data
from these patients were not included in the assessment of
the pathological tumor response because they did not undergo
surgical resection (Fig. 2).

After the preoperative stage of treatment, the median time
of contrast evacuation was 12 hours (IQR [7;16]) in the study
group and 17 hours (IQR [12;20]) in the control group (U =
540.5; p = 0.003) (Fig. 3).

After the treatment, 24.39% of patients in the study group
did not complain of food quality (GOOSS score = 3), 65.85%
had solid crushed food, 7.32%, semi-liquid food, and 2.44%,
only liquid food (GOQOSS = 0). In the control group, these
values were 7.32%, 39.02%, 46.34% and 7.32%, respectively.
The median score on the GOOSS scale increased from 1.5 to
2.1 in the study group and decreased from 1.5 to 1.4 in the
control group (U = 595.5; p = 0.010) (Fig. 4).

After the neoadjuvant treatment, the score on the NRS
2002 scale was 2 (IQR [1;3]) in the study group and 3 (IQR
[2;4]) in the control group. The risk of nutrition deficiency
was identified in 35.58% patients in the study group and
in 52.38% in the control group. Mild, moderate and severe
degrees of malnutrition were registered in 21.95%, 9.75% and
4.87% in the study group and in 23.81%, 16.67% and 11.9%
in the control group. Statistically significant difference in
the nutritive status on the NRS scale was identified between
the groups before and after treatment (U = 585.5; p = 0.009)
(Fig. 5).

After the preoperative treatment, the BMI was higher in the
study group (25.31+8.53 vs. 23.53+5.6; t=2.295; p=0.024).
Severe body weight deficit and poor body weight were
seen less frequently in the study group as compared to the
control. The average score on the SARC-F scale significantly
decreased in the study group (2.9£1.8 vs. 3.9+2.21; U=602.5;
p=0.023), and the share of patients with high probability of
sarcopenia decreased from 64.3% to 39%, whereas in the
control group the decrease was not significant, 24 (57.1%)
patients.

In the preoperative control examination, the blood flow
volume in the tumor was 6.76+5.96 mL/100 g in the study
group and 11.74+9.07 mL/100 g in the control group; no
statistically significant difference between the groups before
and after treatment was identified (t = -0.391, p = 0.697).
The flow velocity decreased in both groups (34.47 [IQR
16.19;70.00] and 37.9 [IQR 20;70.21]), differences are
insignificant (U = 619, p = 0.058). After the treatment, the
permeability of the vascular wall was significantly lower in
the study group (7.82 [IQR 3.04;16.35]) vs. control group
(15.84 [IQR 9.00;20.5]; U = 574, p = 0.02). The mean blood
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Figure 6. Tumor perfusion parameters before and after treatment.

PucyHok 6. [Mepgy3uoHHbIe nokasamenu onyxonu 00 U nocne fievyeHusl.
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Figure 7. Tumor response to treatment according to RECIST 1.1
criteria in patients in the study and control groups.

PucyHok 7. OmBem onyxonu Ha fiedeHue no kpumepusim RECIST
1.1 y nayueHnmoB uccnedyemMol u KoHmposbHoU gpynn.
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Figure 8. Therapeutic pathomorphosis of the tumor according
to the TRG scale in patients of the study and control groups.

PucyHok 8. Jle4ebHbIll namomopgo3 onyxosu no wkane TRG
y nayueHmosB uccnedyemoll u KoHmponbHol gpynn.

transit time in the gastric tumor increased in both groups:
17.16 s [IQR 7.32;26.23] in the study group and 18 s [IQR
9.46;28] in the control group (U = 804, p = 0.88) (Fig. 6).

In order to assess the response to treatment, all patients
from the control group and 41 patient from the study group
underwent MSCT: one patient from the study group, after
the third cycle of neoadjuvant CCT was diagnosed with
progression of the disease involving the pleura, and the
pharmacological treatment scheme was modified. Complete
response was registered in 2.4%, partial response in 46.3%,
stabilization in 48.8% patients of the study group. In the
control group, there was no complete response, partial
response was seen in 40.5%, stabilization in 57.1%.
Progression was identified in 2.4% and 2.38%, respectively.
No statistically significant difference between the groups
was identified as per RECIST 1.1 criteria (x*=2.299;
p=0.513) (Fig. 7).

Histological examination of the surgical specimens was
performed in 40 patients from the study group and 41 patients
from the control group. Complete pathological response
(TRG1) was observed in 2.5% of patients in the study group,
while no complete response was observed in the control
group. In the study group, TRG2-TRG4 values were seen
in 27.5%, TRGY5, in 15%. In the control group, TRG2 was
registered in 17%, TRG3 in 22%, TRG4 in 41.5%, TRG5 in
19.5%. The difference between the groups on the TRG scale
was statistically significant (U = 589.5; p = 0.022) (Fig. 8).

www.innoscience.ru

Treatment period Study group Control group m

Leukopenia after 1-2st.  12(28.6%) 15 (35.7%) 0.097
cycle 1 of CCT, n 3-4 st. 5 (11.9%) 7 (16.6%) ’
Leukopenia after 1-2st. 7(16.6%) 12 (28.5%) 0.003
cycle 2 of CCT, n 3-4 st. 4 (9.5%) 13 (30,9%) ’
Leukopenia after 1-2st.  12(28.6%) 8 (19%) 0.465
cycle 3 of CCT, n 3-4st. 6 (14.3%) 8 (19%) ’
Leukopenia after 1-2st.  15(35.7%) 15 (35.7%) 0.154
cycle 4 of CCT, n 3-4 st. 3(7.1%) 4 (9.5%) ’

Table 2. Leukopenia rates in patients in the study and control groups

Tabnuua 2. lMokazamenu nelikoneHuu y nayueHmos uccriedyemoll
U KOHMPOJILHOU 2pynn

Evaluation of safety of the combined approach.
Preoperative systemic treatment under the FLOT scheme
was not completed in full extent by 3 (7%) patients from the
study group due to the following reasons: disease progression
(secondary involvement of the lungs, carcinomatosis of the
pleura) in 1 (2.4%) patient, nephrotoxicity in 1 (2.4%) patient,
decompensation of tumor stenosis in 1 (2.4%) patient. The
leukopenia rates in patients in the study and control groups
are shown in Table 2.

Two patients in the control group with decompensated
gastric tumor stenosis received three cycles of preoperative
drug therapy, and one patient received two cycles. All four
patients who discontinued preoperative chemotherapy due
to hematologic complications had completed three cycles of
drug therapy (Fig. 9).

The indicators of toxicity of treatment are shown in Table 3.

Complications of the ePDT procedure were assessed only
in patients from the study group. Systemic phototoxicity was
identified in 5 (11.9%) patients after the first session and in
7 (16.7%) patients after the second session of photodynamic
therapy. Ophthalmologic toxicity was identified in 8 (19%)
patients after the first session of photodynamic therapy and
in 12 (28.6%) patients after the second session.

The obtained results show that combined treatment
of patients with locally advanced GC complicated by
subcompensated tumor stenosis on the preoperative stage
demonstrated advantages in terms of efficacy and safety over
standard treatment.

m DISCUSSION

The present study demonstrates the high efficacy and
safety of ePDT using the photosensitizer Chlorin E6 in
patients with locally advanced gastric cancer complicated by
subcompensated tumor stenosis. These findings correlate with
the results of both foreign and domestic studies indicating the
potential of PDT in the multimodal treatment of malignant
gastric tumors.

Similar findings on application of PDT in gastric cancer
patients were presented in the work of T. Oinuma (2016),
where the method demonstrated safety and efficient in the
treatment of early stages of gastric cancer not only of the
intramucosal but also of the submucosal type [17], which
confirms sufficient depth of penetration of radiation. The
meta-analysis of B. Chen (2018) et al. showed that PDT is
an efficient method of treatment of disseminated and locally
advanced forms of gastric cancer, including combinations
with chemotherapy increasing its efficiency and improving
outcomes of overall survival [18].
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Neoadjuvant stage of treatment

decompensation of tumor stenosis (1)

Study group, Control group,
N=42 N=42

Cycle 1 of NACCT N=42 N=42

v v
Cycle 2 of NACCT N=42 N=42

! !
Cycle 3 of NACCT N=42 N=41%%

' '
Cycle 4 of NACCT N=39* N=35%*

*3 patients did not receive cycle 4 of NACCT due to progression of the main disease (1), nephrotoxicity (1),

#*#] patient did not receive cycle 3 of NACCT due to decompensation of tumor stenosis
*#*%* 6 patients did not receive cycle 4 of NACCT due to hematologic toxicity (4), decompensation of tumor stenosis (2)

Figure 9. Number of patients receiving systemic treatment on the neoadjuvant stage.
PucyHok 9. Konuyecmso nayueHmoB, nosly4aBwux cUCMeMHoe Jie4eHue Ha HeoadbloBaHMHOM amane.

“ Study group (N=42) Control group (N=42) Statistical indicator m

Febrile neutropenia 2 (4.8%)

Infectious complications 20 (47.6%)

Stomatitis 12 (28.6%)
Esophageal candidiasis 5(11.9%)
Acute cystitis 7 (16.7%)

Diarrhea 11 (26.2%)
Polyneuropathy 8 (19%)
CCT cycle delay 14 (33.3%)

Administration of Filgrastim

(leukopoiesis stumulator) 12(28.6%)

Table 3. Toxicity indicators in patients of the study and control groups

4 (9.5%) x2=0.718 0.397
25 (59.5%) 2= 1197 0.274
19 (45.2%) X = 2.505 0.113
4 (9.5%) Y2=0.124 0.724
8 (19%) X = 0.081 0.776
21 (50%) Y2 =5.048 0.025
11 (26.2%) X2 =0.612 0.434
24 (57.1%) ¥ = 4.805 0.028
22 (52.4%) 2= 4.914 0.026

Tabnuua 3. [Mokazamenu mokcu4yHocmuU y nayueHmoB uccnedyemoll u KoHmpoabHoU epynn

Restrictions of study. This study has no data on long-term
oncological outcomes. Randomized and prospective studies
are required to determine the effect of PDT on survival and
quality of life of patients with gastric cancer.

m CONCLUSION

The use of the combination of ePDT+Chlorin E6 in
the dosage of 1 mg/kg of body weight with perioperative
CCT under the FLOT scheme at the preoperative stage in
patients with locally advanced gastric cancer complicated
by subcompensated tumor stenosis showed advantages over
conventional treatment in terms of efficacy: time of evacuation

142

of barium meal from the stomach (12 IQR [7;16] vs. 17 IQR
[12;20], p=0.003), clinical assessment of tumor stenosis,
p=0.010, presence of sarcopenia (39% vs. 57.1%, p=0.032),
nutritive status (35.58% vs. 52.38%), p=0.009, body mass
index (25.31+8.53 vs. 23.53+5.6), tumor perfusion indicators
(vascular wall permeability (mL/100 g/min) 7.824 IQR
[3.042;16.350] vs. 15.840 IQR [9.002;20.5], p=0.02, vascular
wall permeability in the tumor area 10.9£12.3, p=0.011),
pathological response, p=0.022) and in terms of safety: delay
of the next cycle of pharmacological treatment (33.3% vs.
57.1%), p=0.028, use of the leukopoiesis stimulation drug
(28.6% vs. 52.4%). w=
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