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Abstract

Background: Peritoneal carcinomatosis (PC) is one of the most un-
favorable sites of metastasis for malignant tumors of various localiza-
tions, especially gastric cancer (GC). According to the literature, syn-
chronous PC in GC is common in 15-52% of patients. The purpose
of this study was to examine the long-term results using personalized
systemic and intraperitoneal chemotherapy as part of the combined
treatment of stomach cancer presenting with synchronous PC.

Methods: Cytoreductive surgical treatment was performed for 70 pa-
tients at the first stage. The control group (n = 35) received standard
postoperative chemotherapy according to the FOLFOX scheme. Per-
sonalized postoperative systemic and intraperitoneal chemotherapy
was administered in the basic group (n = 35), based on the expression
levels of the eight genes in the primary tumor, lymph node, and peri-
toneal metastases.

Results: The median progression-free survival was 14.9 months in the
basic group, and in the control group it was 11.2 months (P <0.001). The
median life expectancy in the basic group was 16.8 (13.7 - 18.8) months,
in the control group it was 12.5 (11.3 - 13.1) months (P <0.001).

Conclusions: Developing algorithms of personalized systemic and
intraperitoneal chemotherapy in patients with GC with synchronous
carcinomatosis, based on the analysis of molecular genetic character-
istics of the tumor and metastases, allows to improve the long-term
results of combined treatment.
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Introduction

Peritoneal carcinomatosis (PC) continues to be a serious medi-
cal problem that increase the fatality of cancer. PC is one of
the most unfavorable sites of progression for malignant tumors
of various localizations, especially gastric cancer (GC) [1, 2].
According to the literature, synchronous PC occurs in 14% of
patients in primary GC, and in 43% of patients it occurs during
treatment [3, 4].

According to official statistics, in 2019, GC was the fifth
most prevalent malignant neoplasm in the world, and sixth
(5.7%) in Russia, and it was the third leading cause of death
in the world and second (9.3%) in Russia for cancer patients
[5]. Despite the positive trend towards a decreased incidence
rate in Russia over the past 10 - 15 years, GC remains a global
problem of modern oncology [6]. Given the lack of a state GC
screening program in the Russian Federation, most patients at
the initial treatment phase have distant metastases, and the pro-
portion of patients with stage IV of the disease is 39.9%.

The main problem in providing medical care to patients
suffering from GC with synchronous PC is the lack of general-
ly recognized standards of treatment (besides chemotherapy).
Chemoradiotherapy is ineffective in peritoneal dissemination
because of the inevitable disease progression [5, 6]. Palliative
care and its outcomes have little impact on patients’ life expec-
tancy. This leads to the insufficient interest of the surgeons and
oncologists in the study of this problem. In most cases (70%),
surgical treatment is either not performed at all, or an explora-
tive laparotomy is performed, because the tumor is recognized
as unresectable. Gastroenteroanastomosis or jejunostomy are
performed for helping patients to eat. As a rule, if the tumor is
resectable, and there are life-threatening conditions (perfora-
tion, the threat of fatal bleeding from a disintegrating tumor,
or decompensated stenosis), surgical treatment is performed
according to vital indications [2, 7]. There is an extremely high
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risk of complications and death after such kind of emergency
surgeries, wherein the peritoneal disease also cannot be ad-
dressed [8].

Diagnostic laparoscopy does not allow to reliably deter-
mine the resectability of the main process but serves only as
a method of sampling and assessment of biopsy material for
morphological confirmation of peritoneal dissemination [9].
The most common limiting factors for cytoreductive gastrec-
tomy are conglomerates of lymph nodes (LNs) located in the
celiac trunk zone, the mobilization of which is extremely at a
high risk of bleeding [10]. In this case, it is necessary to expand
the scope of the surgical aid before Appleby-type surgery - re-
moval of the tumor-affected stomach, distal pancreas resection
with excision of the celiac trunk (DP-CAR) and splenectomy.
However, performing such a volume of surgery in the presence
of peritoneal dissemination and extensive lymphogenous me-
tastasis in poor general condition patients, is associated with
even greater risks of complications and is inappropriate [11].
Thus, in the lack of GC complications, preference is given
to palliative systemic chemotherapy, which is considered as
the main method of treatment of patients with disseminated
GC [7]. However, systemic chemotherapy, without peritoneal
control, shows poor results. The peritoneal plasma barrier for
certain therapeutic agents can be an advantage when deliver-
ing them to PC foci, providing a high ratio of chemotherapeu-
tic drug concentration between peritoneal cavity and plasma.
However, for other drugs, it can significantly complicate their
delivery, due to the difficulty of penetration and the need to me-
tabolize them [12, 13]. The use of systemic and intraperitoneal
chemotherapy in neoadjuvant mode (neoadjuvant intra perito-
neal and systemic chemotherapy (NIPS)) is extremely ineffec-
tive, and only in isolated cases, it leads to the disappearance
of peritoneal disseminates and positive cytology of abdominal
washings (R0), in patients with initially unresectable dissemi-
nated GC. This approach is called “conversion surgery” [14].
Cytoreductive surgery (CRS) (removal of the primary tumor,
and macroscopically visible metastatic foci) without chemo-
therapy in the postoperative period does not lead to a signifi-
cant increase in the overall survival (OS) of patients [15, 16].
In the case of peritoneal dissemination in GC during CRS, gas-
trectomy is performed (the stomach is removed en bloc along
with greater and lesser omentum), and lymphadenectomy D2,
peritonectomy (peritoneum with foci of carcinomatosis), and
bilateral adnexectomy are performed (Krukenberg metastasis)
[17]. According to a number of authors, a slight increase in
OS was observed when CRS was combined with postoperative
systemic chemotherapy [17, 18]. The most effective treatment
of patients with resectable GC was shown by the hyperthermic
intraperitoneal chemotherapy (HIPEC) technique as an adju-
vant method [19]. However, only limited dissemination along
the peritoneum (Peritoneal Carcinomatosis Index (PCI) < 7)
is an indication for CRS + HIPEC in GC with synchronous
PC, subject to the fulfillment of completeness of cytoreduc-
tion (CC)-0 [20]. In addition, the execution of the HIPEC pro-
cedure is available only in large oncological centers, which
significantly limits the possibilities of combined treatment of
tumors with synchronous macroscopic PC.

Based on this, it is necessary to find new methods of ef-
fective therapy for GC, based on an understanding of the mo-
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lecular biological changes in the tumor, which determine the
individual sensitivity and resistance of tumor cells to chemo-
therapeutic drugs. The possibility of assessing the tumor sen-
sitivity to chemotherapy is presented on a model of non-small
cell lung cancer and breast cancer. The main genes of chemo-
sensitivity are TUBB3, BRCA1, RRM1, TOP1, TOP2a, TYMS,
ABCCS5 and ERCC1, which determine the sensitivity of tumor
cells to certain chemotherapy drugs [21-25]. Similar studies
have not been conducted in GC with synchronous PC. Thus,
the study of the expression of genes of chemosensitivity, as
a factor for the personalized prescription of a particular drug,
is promising and relevant. Given the limited range of chemo-
therapeutic drugs suitable for intraperitoneal administration
(cisplatin, paclitaxel, and to a lesser extent 5-fluorouracil, ox-
aliplatin), research is needed to find the possibility of their ac-
curate use for local peritoneal control [26, 27].

Purpose of the study

The purpose of the study was to investigate the long-term re-
sults of treatment with the prospective use of systemic and
intraperitoneal chemotherapy, based on the monoresistance
genes expression levels in the tumor and metastases, as part
of the combined treatment of GC presenting with synchronous
PC.

Materials and Methods

Patients

The study included patients with a morphologically verified
diagnosis of stage IV GC with human epidermal growth factor
receptor 2 (HER2)/neu-negative status, hospitalized at the Re-
search Institute of Oncology of the Tomsk National Research
Medical Center (NRMC) in the period from 2014 to 2021. Ac-
cording to the results of a comprehensive examination, PC and
ascites were confirmed in the absence of other distant metas-
tases. In the case of satisfactory somatic status (Eastern Co-
operative Oncology Group (ECOG) 0 - 2) and resectability of
the main process, combined treatment was performed. Patients
with unresectable gastric tumor were not included in the study.

In most studies in advanced GC, the criterion for inclusion
in the study is PCI <7 [17-26]. In the present study, the upper
limit was PCI < 12 (out of a maximum of 39).

For the objectivity of the clinical trial, inclusion and ex-
clusion criteria have been developed and put into practice (Ta-
ble 1).

Two groups of patients were identified. The main group
prospectively included 35 patients, who underwent cytoreduc-
tive surgical treatment as part of the combined treatment at
the first stage (palliative gastrectomy by Roux with standard
LN dissection D2, peritonectomy and peritoneal port system
implantation).

The control group with 35 patients was formed retrospec-
tively, based on the analysis of medical records. This group
included patients who underwent treatment in the period from
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Table 1. inclusion and Exclusion Criteria

Inclusion criteria

Exclusion criteria

Age from 18 to 68 years

Histologically verified gastric and cardioesophageal cancer (Sievert
1IT) with signs of dissemination (carcinomatosis, ascites, metastatic
ovarian involvement) subject to cytoreductive surgery.

HER2/neu status: negative
PCI is from 1 to 12

ECOG (WHO) is not more than two points, on the Karnofsky scale
more than 70%

Consent of the patient to be included in the study

Age over 68 years

Patients with cardioesophageal cancer with lesions of the esophagus
above 4 cm, requiring esophageal extirpation (CEC, Sievert I - II)

Patients with gastric cancer stage I - I1IC (T1-4 N0-3 MO0)
HER2/neu status: positive
PCl is from 13 to 39

ECOG (WHO) is more than two points, on the Karnofsky scale less than
70%

Multiple distant metastases (liver, lungs, bones, etc.)

Obstructive jaundice (a consequence of the bile duct block, at the level of
the junction of the liver/choledochus, metastasis - affected lymph nodes).

True germination into the head and body of the pancreas. Impaired liver
function and kidney function

HER2: human epidermal growth factor receptor 2; ECOG: Eastern Cooperative Oncology Group; WHO: World Health Organization; PCI: Peritoneal

Carcinomatosis Index; CEC: cardioesophageal cancer.

2014 to 2017 and received CRS (followed by standard post-
operative chemotherapy according to the FOLFOX regimen)
without peritoneal control.

Ethical compliance with human/animal study

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or compa-
rable ethical standards.

Institutional review board approval

The study was conducted with permission by the local eth-
ics committee of the Cancer Research Institute Tomsk NRMC
(Protocol 1 from May 15, 2014, and Protocol 2 from April 10,
2018). All patients signed an informed consent.

The observation was carried out from the moment of
switching on and up to the present. Study endpoints were
death and disease progression (an increase in ascites, the ap-
pearance of new disseminations in the peritoneum, revealed
by ultrasound, computed tomography of the abdominal organs,
the appearance of other distant hematogenous metastases, the
appearance of symptoms of chronic multilevel intestinal ob-
struction).

Samples were collected from each patient for genetic
testing during the operation from the following sites: prima-
ry stomach tumor, normal gastric mucosa tissue, PC, normal
peritoneal tissue, LN metastasis, normal LN tissue and hema-
togenous metastasis (metastasis of Krukenberg or in the liver).
Tumors and metastases surgical samples and normal tissue sur-
gical samples were placed in an RNAlater solution (Ambion,
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USA) and stored at -80 °C (after a 24-h incubation at 4 °C)
for further DNA isolation. The chemotherapy was prescribed
based on the study of the genes chemosensitivity expression
at all sites. The five chemotherapy regimens were developed
(Table 2), with the simultaneous determination of priority and
reserve chemotherapy regimens. The three-component regi-
mens were used for systemic administration, including combi-
nations of chemotherapy drugs such as gemcitabine, capecit-
abine, irinotecan, 5-fluorouracil, and docetaxel. Paclitaxel and
cisplatin were used for intraperitoneal administration.

RNA isolation

RNA was isolated from surgical samples of 35 patients: tu-
mor and normal gastric mucosa tissue, metastases and normal
peritoneum tissue, LN metastases and normal LN tissue, and
hematogenous metastases (if present) using RNeasy Mini Kit
Plus containing DNase I (Qiagen, Germany), and RNAse in-
hibitor Ribolock (Fermentas, Lithuania). The concentration
and purity of RNA isolation was assessed on a NanoDrop-2000
spectrophotometer (Thermo Scientific, USA) (56 - 120 ng/uL,
A260/A280=1.75-1.85; A260/A230 = 1.75 - 2.00). The RIN
was 7.4 - 8.9. To obtain cDNA on an RNA template, a reverse
transcription reaction was performed using a RevertAid™ kit
(Thermo scientific, USA).

Quantitative polymerase chain reaction (PCR)

The genes level expression was assessed using reverse tran-
scriptase quantitative real-time PCR (RT-qPCR) with origi-
nal primers and probes using TagMan technology on Rotor-
Gene-6000 (Qiagen, Germany). PCR was performed three
times as previously described [21]. The level of gene ex-
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Table 2. Five Chemotherapy Regimens Developed

1 PC

Paclitaxel 135 mg/m? on the first day, intravenously, drip for 3 h, cisplatin 50 mg on the second day,

intraperitoneally with 200 mL of saline, paclitaxel 65 mg/m? on the eighth day, intraperitoneally with 200

mL of saline. Interval: 21 days.

2 GemCap +C
(intraperitoneally)

3 TPFL (modification

Gemzar 800 mg/m?, intravenously on the first and eighth days; cisplatin 50 mg intraperitoneally per 200 mL
of saline on the fourth day; capecitabine 1,500 mg/m? for 14 days. Interval: 21 days.

Docetaxel 75 mg/m? intravenously over 1 h on the second day; cisplatin 50 mg intravenously, 1 h on the

DCF) with intraperitoneal ~second day; cisplatin 50 mg intraperitoneally per 200 mL saline on the third day; 5-FU 500 mg/m? 3-h infusion

insertion of cisplatin

4 FOLFIRI+C
(intraperitoneally)

on the 1 - 3 days; leucovorin 50 mg intravenously, on the 1 - 3 days before 5-FU insertion. Interval: 21 days.

Irinotecan 170 mg/m? intravenously, infusion 90 min; leucovorin 400 mg/m? intravenously, infusion 2 h on
the first day; 5-FU 400 mg/m? intravenously, then 2,400 mg/m? intravenously, infusion 46 h. Cisplatin 50 mg

intraperitoneally per 200 mL of saline on the second day. Interval: 21 days.

5 XELIRI+C
(intraperitoneally)

Irinotecan 230 mg/m? intravenously, infusion 60 - 90 min, on the first day; cisplatin 50 mg intraperitoneally
per 200 mL saline, on the second day; capecitabine 1,800 mg/m? daily for 14 days. Interval: 21 days.

PC: peritoneal carcinomatosis; 5-FU: 5-fluorouracil.

pression was normalized to the expression of referee genes
GAPDH and ACT and was measured in arbitrary units Pfaftl
method [28]. Normal tissue from every patient was used as a
calibrator for tumor tissue. The level of expression of the genes
of interest (relative units) normalized to referee genes and the
level of expression of the genes of interest and referee genes in
normal patient mucosal tissue were used as the outcome. This
method is universal and cohort-independent. Trait variability
is determined by the variability of expression in the patient.

Pre-requisites for developing a personalized chemothera-
py prescribing algorithm

Considering the presence of peritoneal dissemination at the
time of entry into the study, patients do not have time for first-
line chemotherapy according to international standards, since
not all of them will be able to live to the second line of chemo-
therapy, and if they do, not all patients will have a satisfactory
condition (ECOG-2 or more) for its implementation. Based
on this, during the development of the algorithm for chemo-
therapy personalization, all chemotherapy regimens (from the
first to the third line of chemotherapy) used in the treatment
of stomach cancer were studied. Twenty patients with stage
IV GC were selected (in addition to peritoneal dissemination,
six patients had liver metastases and metastases characteristics
of GC).

These patients underwent the maximum collection of
tumor samples from all the above foci and directly from the
gastric tumor (cytoreductive surgical operations were not
performed at the stage of algorithm development). RNA was
isolated from the obtained tissue samples. The level of gene
expression was assessed using RT-qPCR. Based on the results
of the expression of chemosensitivity genes (RRMI, TOPI,
TUBB3, TYMS, BRCAI, ERCCI and ABCCY)), five schemes
were identified from the entire set of chemotherapy regimens,
which differ from each other as much as possible, and allow
choosing the optimal chemotherapy regimen. In addition,
this approach allows one to simultaneously select a reserve
scheme in case of disease progression. The obtained results
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were analyzed in detail, and based on these data, an algorithm
was developed for the personalized choice of a chemotherapy
regimen, which was subsequently used in patients in the main
group after CRS.

Personalized chemotherapy

According to the result of the chemosensitivity genes expres-
sion (RRM1, TOPI, TUBB3, TYMS, BRCAI, ERCCI and
ABCCS), personalized postoperative systemic and intraperito-
neal chemotherapy was prescribed.

Selecting a personalized postoperative scheme for sys-
temic and intraperitoneal chemotherapy was carried out based
on the expression levels of the RRM1, TOPI1, TUBB3, TYMS,
BRCAIL, ERCCI, and ABCCS genes in the tumor tissue and
metastases according to the following algorithm (Fig. 1).

If the expression of TOP1 > 1 is determined in two or
more sites, and TYMS > 2, the XELIRI + C chemotherapy
scheme (with intraperitoneal administration of cisplatin) was
prescribed; if the expression of TOP1 > 1, and TYMS < 2,
the chemotherapy scheme FOLFIRI + C (with intraperitoneal
administration of cisplatin) was prescribed; if the expression
of TOP1 < 1, and in two or more sites the expression of genes
ABCCS, RRM1 and TYMS < 1, the chemotherapy scheme
GemCap + C (with intraperitoneal administration of cisplatin)
was prescribed; if the expression of TOP1 < 1, and in two or
more sites the expression of ABCC5, RRMI1 and TYMS > 1,
and the expression level of TUBB3 > 1, in two or more sites,
and the expression level of TYMS < 2, the scheme was as-
signed chemotherapy TPFL (DCF modification) (with intra-
peritoneal administration of cisplatin); if the expression of
TOP1 < 1, and in two or more sites the expression of ABCCS,
RRMI1 and TYMS > 1, and the expression level of TUBB3 >
1, in two or more sites, but the expression level of TYMS >
2, the scheme was assigned chemotherapy for PC paclitaxel/
cisplatin (with intraperitoneal administration of cisplatin and
paclitaxel); if the expression of TOP1 < 1, and in two or more
sites the expression of ABCCS, RRM1 and TYMS > 1, and
the expression level of TUBB3 < 1, in two or more sites, and
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more genes ABCCS5, RRM1

Yes No and TYMS <1
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XELIRI+C || FOLFIRI+C Yes No
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Expression of the gene
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Yes No
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Expression of the gene
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Expression of the gene
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N

Yes Yes -No
4 Y rd
TPFL (modification DCF) PC GemCap +C FOLFIRI+C

Figure 1. Algorithm for personalized chemotherapy depending on the chemotherapy genes expression at different sites: stomach
tumors, peritoneal metastases, lymph node metastases and hematogenous metastases (if any).

the expression level of TYMS < 2, the scheme was assigned
chemotherapy FOLFIRI + C (with intraperitoneal administra-
tion of cisplatin); if the expression of TOP1 < 1, and in two
or more sites the expression of ABCCS5, RRM1 and TYMS
> 1, and the expression level of TUBB3 < 1, in two or more
sites, and the expression level of TYMS > 2, the scheme was
assigned chemotherapy GemCap + C (with intraperitoneal ad-
ministration of cisplatin).

The two most optimal chemotherapy schemes of the five
have been identified, one of which was considered the main
one, the second as a reserve. Chemotherapy was continued
uninterrupted until intolerable toxicity or progression of the
disease. In case of disease progression and normal somatic
status (ECOG 0 - 2), the chemotherapy scheme was changed
to reserve scheme. This approach made it possible to carry
out chemotherapy for 2 - 4 months, holding down the rate of
disease progression. This led to a significant contribution to
overall life expectancy with a satisfactory quality of life. Poor
somatic status of patients (ECOG 3 - 4) is an obstacle to the
third line of chemotherapy in disease progression. In this case,
patients were transferred to symptomatic therapy, which lasted
on an average of 1 - 2 months, until death. A detailed algo-
rithm for prescribing personalized systemic and intraperitoneal
chemotherapy is discussed in a previous patent for an inven-
tion.

RECIST 1.1 criteria were used to assess the objective
effect on postoperative chemotherapy. Postoperative compli-
cations were assessed according to the AMM classification
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(Abdominal Morbidity and Mortality System) [29]. The unde-
sirable phenomena during postoperative chemotherapy were
assessed using the CTCAE criteria, version 4.03.

Statistical analysis

Statistical analysis was conducted using the application pack-
age “IBM SPSS Statistics” version 22.0 (IBM Corp., USA).
The median and interquartile range were used in the descrip-
tion of the data, taking into account the non-normal distribu-
tion of signs using the Shapiro-Wilk test. Qualitative values
are presented in absolute and relative numbers (n (%)). The
U-test Mann-Whitney was used to compare quantitative data
in two independent groups. The analysis of contingency tables
(Pearson %2 test, as well as two-sided Fisher’s exact test) was
used to determine the statistical significance of differences in
nominal features. Kaplan-Meier survival curves were used to
analyze OS, disease-free survival, and median disease progres-
sion. The log-rank test was used to compare the significance of
differences between groups. The critical level of significance
was 0.05.

Results

A comparison of the main clinical and pathological character-
istics of the two groups is presented in Table 3.
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Table 3. Clinical and Pathological Characteristics of Patients With Gastric Cancer With Synchronous Peritoneal Carcinomatosis

Characteristics

Basic group Control group P value (Mann-Whitney

(n=235) (n=35) U-test or 2 Pearson test)

Age, mean (Q25, Q75) years 57 (45, 63) 57.5 (43, 62) U=612.5/P=0.99
Men, n (%) 18 (51%) 18 (51%) x2 = 0,000000/P = 1
Women, n (%) 17 (49%) 17 (49%)
Histological subtype

Low-grade adenocarcinoma 20 (57%) 25 (71%) P=0.32

Cricoid cell carcinoma 15 (43%) 10 (29%)
The volume of the operational aid

Extended combined palliative gastrectomy according to Roux 16 (46%) 12 (34%) P=0.47

Palliative gastrectomy according to Roux 19 (54%) 23 (66%)
Postoperative complications

No complications 18 (51%) 14 (40%) ¥ =9.960361/P=0.13

According to the main clinical and morphological param-
eters, the groups of patients were comparable and did not differ
significantly. The frequency of performing extended combined
palliative gastrectomy according to Roux (46% and 34%) and
palliative gastrectomy according to Roux (54% and 66%, P =
0.3) in the groups also did not differ statistically.

The proportion of signet ring cell carcinoma in the basic
group and the control group was 43% and 29%, low-grade ad-
enocarcinoma 57% and 71%; however, the differences did not
reach statistical significance (> = 0.057; P = 0.2). It should be
noted that signet ring cell carcinoma is an unfavorable histo-
logical subtype of GC, and the disease progresses very quickly.
There were no significant differences in the development of
complications in the postoperative period (x> = 9.960361; P
= 0.13). Complications during postoperative chemotherapy
in both groups were short-term and reversible. The most fre-
quently detected hematological toxicity (35.5%) was I-II de-
gree according to the criteria CTC-NCI. Leukopenia I-II was
observed in 22.8% of patients, neutropenia I-II in 7.5%, mild
anemia in 12.5%, and thrombocytopenia I-II in 7.5%. No fe-
brile neutropenia was noted.

Gastrointestinal complications were less common. Nausea
and vomiting were noted in 15.1% of cases and were of I-II
degree of severity. Hepatotoxicity I-II was observed in 8.3%
of patients. Nephrotoxicity was also detected in 9.3% of cases.
Alopecia was 13.1%. There were no statistically significant
differences in the number of complications during postopera-
tive chemotherapy (P > 0.05).

Four main criteria, which were presented in Table 4, were
used to evaluate the effectiveness of CRS in patients with GC,
with synchronous PC.

In the studied groups, there were no statistically signifi-
cant differences in PCI. But differences in the volume of LN
dissection, R (resection), and CC score were statistically sig-
nificant.

So, most often, tumor cells (R1) were detected along the
distal resection border (duodenal stump) during a planned histo-
logical examination. In the control group, two patients (5.71%)
underwent R1 resection along the proximal resection border (es-
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ophagus), which led to the development of recurrence in the area
of esophago-enteric anastomosis at the fifth and seventh months
after the operation and the need to install esophageal stents to
eliminate the development of dysphagia. Chemoradiotherapy to
the area of anastomosis was not carried out due to the presence
of dissemination in the peritoneum before the start of treatment.
In the main group, there were no cases of a positive margin of
resection along the esophagus, and there was no recurrence in
the area of esophago-enteric anastomosis. Such frequent R1 and
R2 resections in both groups can be explained by total and sub-
total affection of the stomach wall by the tumor and the spread
of tumor infiltration (most often along the submucosal layer:
70%) down the pylorus, to the initial parts of duodenum. In this
situation it is impossible to perform distal resection because of
the threat of choledochal and major duodenal papilla damage.
After obtaining a positive resection margin according to histo-
logical examination, resection attempts were not performed due
to the extremely high risk of postoperative complications in re-
peated operations.

In the main group, the proportion of D2 LN dissection
prevailed, while the number of removed LNs varied from 20
to 43 (with the recommended minimum of 16 LN required to
correctly determine the N-status). Also in the main group, two
patients (6%) underwent D3 LN dissection - para-aortic LN
dissection (LNs of stages 1, 2 and 3 were removed: 1 - 11, 12a,
14v + 110, 111, 112, 16, 17, 18), at the same time, metastatic
lesion in 110, 16, 17 groups were histologically confirmed.

As a result, theoretically, patients of the main group have
a greater chance of a long-term relapse-free course of the dis-
ease and an increase in life expectancy. However, given the
high aggressiveness of GC, the degree of tumor differentiation
and extremely unfavorable prognosis for patients with stage
IV PC, we cannot count on the complete recovery of patients.

The observation period for the patients ranged from 11 to
30.3 months. The median time to cancer progression was 15.8
months in the basic group, with an interquartile range of 13.2 -
19.1 months and 11.2 (10.3 - 11.6) months in the control group
(P <0.001) (Fig. 2).

The median OS in the study basic group was 18.7 months,
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Table 4. The Main Criteria for the Effectiveness of Cytoreductive Surgery in Patients With Gastric Cancer, With Synchronous Peri-
toneal Carcinomatosis

Ve aesh 3t Ulestors Pearson tesd
R: resection boundary
RO 24 (69%) 9 (26%) v =13.39/P=0.0012
R1 1 (3%) 5 (14%)
R2 10 (29%) 21 (60%)
D: volume of lymph node dissection
D1+ 11 (31%) 25 (71%) x> =11.94/P = 0.003
D2 24 (69%) 10 (29%)
PCI: (PCI from English: Peritoneal Cancer Index)
PCI(0-4) 10 (29%) 5 (14%) y* =2.12/P=0.3465
PCI (5 -8) 11 (31%) 13 37%)
PCI(9-12) 14 (40%) 17 (49%)
CC score: scale for assessing the completeness of cytoreduction
CC-0 score 24 (69%) 13 (37%) 1 =17.97/P=0.0466
CC-1 score 6 (17%) 9 (26%)
CC-2 score 2 (6%) 8 (23%)
CC-3 score 3 (8%) 5 (14%)

PCI: Peritoneal Carcinomatosis Index; CC: completeness of cytoreduction.

with an interquartile range of 15.0 - 24.3 months, and 12.7 (follow-up period was up to 30.3 months) (Fig. 3).

(11.3 - 13.1) months in the control group (n = 35) (P=1.3 x The relationship between OS and volume of cytoreduction
10-17). 1t should be noted that 11 patients are in the process R was analyzed in patients in the control (Fig. 4a) and the main
of treatment without signs of progression in the main group groups (Fig. 4b). The volume of cytoreduction R did not show
1007
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Figure 2. Progression-free survival according to the Kaplan-Meier method in groups with personalized prescription of chemo-
therapy (basic group) and control. Log rank P = 5.8 x 10-'6 (Chi-square = 65.5) (statistically significant survival rate is confirmed).
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Figure 3. Overall survival according to the Kaplan-Meier method in groups with personalized prescription of chemotherapy (basic
group) and control. Log rank P = 1.3 x 10°'7 (Chi-square = 72.9) (statistically significant survival rate is confirmed).

a relationship with OS in either the control or basic groups (log
rank P=0.347, Chi-square = 2.11, and log rank P = 0.426, Chi-
square = 1.71, respectively).

Taking into account that the frequency of D2 LN dissec-
tion in the control group was lower than in the basic group,
the relationship between OS in the control (Fig. 5a) and the
basic groups (Fig. 5b) and the volume of LN dissection was
analyzed. The volume of LN dissection did not show an as-
sociation with OS in the control group (log rank P = 0.189,
Chi-square = 1.73).

In the basic group, the volume of LN dissection showed

a relationship with OS at the statistically significant level (P =
0.025) (Fig. 5b) (P = 0.025, Chi-square=7.35). Cox regression
analysis was performed to determine the value of the contri-
bution of cytoreduction volume R, lymphodissection volume
D, CC and PCI. Cytoreduction volume R, lymphadenectomy
volume D, CC and PCI do not contribute to OS for the control
group (R: P =0.642, D: P=0.932, CC: P=0.474, PCI: P =
0.776). The volume of cytoreduction R and CC in the study
group with personalized prescription of chemotherapy does
not contribute to the OS rate (R: P = 0.378, CC: P = 0.118),
but LN dissection volume, showed a trend towards improve-

a 1007
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Time, month

100

80

60

407 RO

R2

15 20 25 30
Time, month

Figure 4. Overall survival of patients with gastric cancer with synchronous peritoneal carcinomatosis, depending on the volume

of cytoreduction R in the control group (a) and in the basic group (b). (a) Log rank P = 0.347, Chi-square = 2.11. (b) Log rank P
=0.426, Chi-square = 1.71.
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Figure 5. Overall survival of patients with gastric cancer with synchronous peritoneal carcinomatosis depending on the lymphad-
enectomy D volume in the control group (a) and in the basic group (b). (a) Log rank P = 0.189, Chi-square = 1.73. (b) Log rank

(D1/D2) P = 0.025, Chi-square = 7.35.

ment of OS (D: P = 0.067); and with an increase of the group,
the contribution will be statistically significant. In basic group,
patients with PCI 1 - 4 and 5 - 8 have better survival than those
with PCI of 9 - 12 (P =0.030).

Discussion

The median OS for patients with GC with synchronous carci-
nomatosis without treatment is 5.6 months; compared to 10.2
months for those undergoing systemic chemotherapy without
surgical treatment [30]. After CRS in combination with sys-
temic chemotherapy (control group), the median OS is 12.7
months [31], which is not different from that of our control
group. In a recent meta-analysis of 11 randomized controlled
trials and 21 comparative studies of treatment of patients with
GC with synchronous carcinomatosis, Desiderio et al [32]
reported an improvement in median OS with the addition of
HIPEC to CRS (HIPEC + CRS against CRS, median OS 11.1
against 7.1 months, P < 0.001). Other studies showed that only
patients with a low carcinomatosis index take precedence ben-
efit: increase in OS from HIPEC + CRS when complete cy-
toreduction is achieved [33].

The review [34] about cytoreductive surgical treatment
and intra-abdominal hyperthermic chemoperfusion (CRS +
HIPEC) for patients with macroscopic carcinomatosis showed
a median OS of 14.4 months. Also, patients with a high car-
cinomatosis index > 12 do not benefit from this type of treat-
ment. A large German study on the use of CRS + HIPEC in
235 patients with a mean carcinomatosis index of 8 showed a
median OS of 13 months. The median survival rate showed a
strong dependence on PCI [35]. One Swedish phase II study of
neoadjuvant chemotherapy with CRS + HIPEC + early post-
operative intraperitoneal chemotherapy (EPIC) for patients
showed a median survival of 10.2 months (95% confidence in-
terval (CI): 6.9 - 13.7 months) [36]. Another type of therapy for
patients with PC gaining recognition is pressurized intraperi-
toneal aerosol chemotherapy (PIPAC). Median survival rate of

306 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

PIPAC for gastric cancer peritoneal metastasis (GCPM) is 4.0
- 19.5 months [31]. Thus, the median OS rate of 16.8 months
with macroscopic carcinomatosis is higher than that with CRS
+ HIPEC and proportionate with PIPAC. It should be noted
that conditions for performing the HIPEC and PIPAC proce-
dures are available in large oncological centers and conducted
only within the framework of the clinical study protocols. The
quality of patient’s life is better in groups with cytoreductive
surgical treatment, which was confirmed by a questionnaire
survey of patients before and after surgery [36].

It should be noted that gemcitabine (Gemzar) is not used
in the treatment of GC according to clinical guidelines. How-
ever, the results of our molecular studies indicate a quite high
sensitivity of tumor cells and their metastasis. Our results of
treatment of patients with disseminated GC using Gemzar as
part of the first-line therapy support this hypothesis.

It should also be noted that no attempt has been made to
personalize the chemotherapy combination treatment of GC
stage I-1II and those complicated by synchronous carcino-
matosis (stage IV). Chemotherapy was administered empiri-
cally. The developed method of treatment gives a significant
increase to the median OS (4.3 months, 34%; P < 0.005), and
allows reaching a median OS of 16.8 months in the main group
(versus 12.5 months in the control group (CRS + systemic
chemotherapy)). The median progression-free survival also in-
creases by 3.1 months (28%; P < 0.005), and it is 14.3 months
in the main group (versus 11.2 months in the control group).
LN dissection volume is only relevant to increase OS in the
personalized chemotherapy group.

Conclusions

The developed algorithm for the personalized systemic and
intraperitoneal chemotherapy in patients with GC with syn-
chronous carcinomatosis, based on the analysis of the che-
mosensitivity genes expression at different tumor sites makes
it possible to improve the long-term results of the combined
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treatment (increase of OS and time to disease progression,
compared with the group of patients with empirical chemo-
therapy). Undesirable phenomena that occur during postopera-
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