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Обгрунтування. Інтраперитонеальний рецидив (ІР) є най-
частішим шляхом рецидивування раку шлунка (РШ) після 
радикального хірургічного лікування. Ефективність ряду 
методів ад’ювантної інтраперитонеальної терапії досліджу-
ється сьогодні з метою зниження рівня ІР.  

Матеріали і методи. Проведено аналіз результатів ради-
кального хірургічного лікування 226 хворих на локалізо-
ваний та місцево-розповсюджений РШ. З метою виділення 
групи пацієнтів з показами до ад’ювантної інтраперитоне-
альної терапії проведено дослідження незалежних предик-
тивних факторів та створення предиктивної номограми ІР 
раку шлунка.  

Результати. В результаті аналізу близько трьох десятків потенційних факторів в моноварі-
аційному та мультиваріаційному аналізі вплив на ризик ІР підтвердили чотири незалежних 
предиктивних чинники: інвазія серозної оболонки та її площа (HR 9.36, p<0,001), морфо-
логічний тип за Лоурен (HR 5.3, p<0,001), індекс ураження регіонарних лімфатичних вузлів 
(HR 2.23, p=0.015) та локалізація пухлини у шлунку (HR 3.98, p<0,001).

Висновки. На основі визначених незалежних факторів сформульовано предиктивну номо-
граму ризику ІР раку шлунка після радикального хірургічного лікування, що має важливе 
клінічне значення в якості інструменту для сегрегації групи хворих з необхідністю ад’ювант-
них методів інтраперитонеального впливу.

Ключові слова: рак шлунка, інтраперитонеальний рецидив, предиктивна номограма, пери-
тонеальні метастази, гастректомія, внутрішньочеревна хіміотерапія.
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Background and objectives. Peritoneal relapse (PR) is the 
most common pattern of gastric cancer (GC) recurrence after 
radical treatment. Currently, a variety of adjuvant intraperito-
neal chemotherapy methods are being tested for their effi  cacy 
in reducing the level of PR. 

Methods. The radical treatment results of 226 patients with 
localized and locally-advanced GC have been analyzed. To se-
lect a group of patients with indications for adjuvant intraper-
itoneal therapy, a study of independent predictive factors and 

the development of a predictive PR nomogram for gastric cancer was completed.

Results. As a result of the analysis of about three dozen potential factors in mono- and multivar-
iate analysis, the impact on PR risk was confi rmed by 4 independent predictive factors, namely: 
serosal invasion and its size (HR 9.36, p <0.001), morphological type according to Lauren (HR 5.3, 
p <0.001), index of regional lymph node involvement (HR 2.23, p = 0.015) and localization of the 
tumor in the stomach (HR 3.98, p <0,001).

Conclusions. A predictive PR risk nomogram of gastric cancer after radical surgical treatment 
has been developed based on the identifi ed independent factors, and it is of great clinical impor-
tance as a tool for segregating patients who require adjuvant intraperitoneal chemotherapy.
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Introduction
Gastric cancer (GC) is currently the world’s fi fth 
most prevalent cancer, with nearly one million 
new cases (5.6% of all malignancies) diagnosed 
in 2020 [1]. Peritoneal relapse (PR) is the most 
common pattern of GC recurrence [2, 3], which 
develops in 44.8 % – 69% of patients with se-
rosal invasion after radical surgery [4, 2]. PR 
development is most likely caused by the pres-
ence of a microscopic pool of tumor cells in the 
peritoneum prior to surgery [5] or intraopera-
tive peritoneal dissemination [6]. 

The vast majority of locally advanced GC pa-
tients with a high risk of PR have subclinical 
peritoneal dissemination at the time of diag-
nosis, implying a rapidly fatal prognosis. In 
such patients, systemic chemotherapy does 
not provide eff ective eradication of subclinical 
peritoneal carcinomatosis. However, in recent 
years, the therapeutic paradigm for locally 
advanced GC has changed: a combination of 
surgery and adjuvant intraperitoneal chemo-
therapy is increasingly being examined as an 
alternative to the traditionally recognized sur-
gical strategy. 

Some pathological factors are associated with 
metachronous peritoneal metastasis, name-
ly: serosal invasion, diff use infi ltrative growth 
pattern, signet ring cell pathology, lymph 
node invasion, etc. [2]. The investigation of 
prospective predictors of metachronous peri-
toneal metastases enables us to develop a 
predictive nomogram of the peritoneal relapse 
risk of GC after radical surgery, which is cru-
cial in surgical oncology today. Such a nomo-
gram will allow clinicians to easily and quickly 
identify a group of patients who require adju-
vant intraperitoneal chemotherapy.

Methods
Patients and specimens
The study is based on an analysis of radical 
treatment effi  cacy in 226 patients with local-
ized and locally advanced GC (pTis-4b, pN0-
3b, M0) stages 0-III. The exceptions were 
three patients with cytologically positive peri-
toneal washes (but no macroscopic peritone-
al metastases), who were classifi ed as stage 
IV as per classifi cation rules. The patients 
received treatment at the Department of Ab-
dominal Surgery of Lviv Oncological Regional 
Treatment and Diagnostic Center in 2013–

2018 (prospective clinical study). The age of 
patients ranged from 36 to 84 years, and the 
average age was 63.14 ± 10.78. The diagnosis 
of GC in all patients was verifi ed morpholog-
ically before the onset of treatment. The GC 
study was conducted based on criteria from 
the TNM 7th edition classifi cation (2009). Ta-
ble 1 summarizes the patients’ primary clinical 
and pathological characteristics.

18 (7.96%) of 226 patients received systemic 
adjuvant chemotherapy with an average num-
ber of cycles of 4.22 ± 1.66 (1 to 6 cycles) 
according to XELOX, CAF, and CF schemes.

Follow-up
Patients were regularly followed-up after the 
operation. We performed ultrasonography ev-
ery 3 months and chest radiography every 
6 months during the fi rst two postoperative 
years and every 6 months thereafter. Patients 
with inconclusive ultrasonography results un-
derwent computerized tomography. Peritone-
al relapse-free survival (PRFS) was measured 
from the date of surgery to the date of peri-
toneal recurrence or the fi nal follow-up exam. 
Overall survival (OS) was measured from the 
date of surgery to the date of death or the 
last follow-up exam. The study was approved 
by the University’s Ethical Committee, which 
complied with the Declaration of Helsinki of 
1975. Written informed consent was provided 
by all patients examined.

Statistical analysis
The statistical analysis of the primary data 
was performed using SPSS 22 and Statistica 6 
software. The censored Kaplan-Meier method 
was used to study the cumulative survival of 
patients, whereas the reliability of the survival 
diff erence in certain groups was determined 
using a log-rank coeffi  cient. A multivariate 
analysis was performed using the χ2 index 
and the Cox model. To test statistical correla-
tions, Pearson’s linear correlation coeffi  cient 
was used.

Results
Postoperative results 
The median postoperative stay of patients in 
the hospital was 13.76 ± 3.5 days (ranging 
from 7 to 38 days) and was determined by 
the presence of postoperative complications. 
Postoperative complications (up to 30 days 
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Table 1 

Primary clinical and pathological characteristics of the patients
Criteria Number of patients (n=226)

Sex
male 159 (70.35%)

female 67 (29.65%)
Tumor localization according to the Japanese Gastric Cancer Association (JGCA)

Upper third (U) 10 (4.42%)
Middle third (M) 30 (13.27%)
Lower third (L) 126 (55.75%)

Upper + Middle (UM) 10 (4.42%)
Middle + Lower (ML) 33 (14.6%)

Subtotal and total lesion (UML) 8 (3.54%)
Lower third with duodenum invasion (LD) 4 (1.77%)

Multicentric 5 (2.21%)

Borrmann’s type
Type I (exophytic tumor) 19 (8.41%)
Type II (crater-shaped) 83 (36.7%)

Type ІІІ (ulcerative-infi ltrative tumor) 101 (44.69%)
Type ІV (diff use infi ltrative tumor) 23 (10.18%)

Histological structure
G1 23 (10.18%)
G2 56 (24.78%)
G3 45 (19.91%)

Poorly cohesive 77 (34.07%)
Poorly cohesive with signet-ring phenotype 22 (9.73%)

mucinous 2 (0.88%)
other 1 (0.44%)

Depth of tumor invasion (рТ)
Tis 2 (0.88%)
Т1 18 (7.96%)
Т2 41 (18.14%)
Т3 23 (10.18%)
T4a 121 (53.54%)
T4b 21 (9.29%)

Area of serosal invasion (n=142)
less than 5 cm2 69 (48.6%)

5.1 - 10 cm2 27 (19%)
10.1 - 20 cm2 19 (13.38%)
20.1 - 60 cm2 11 (7.75%)

more than 60 cm2 16 (11.27%)

Regional lymph nodes status (рN)
pN0 111 (49.12%)
pN1 47 (20.8.%)
pN2 35 (15.49%)
pN3a 25 (11.06%)
pN3b 8 (3.54%)

The level of lymph node dissection
D0 46 (20.35%)
D1 65 (28.76%)

D1+ 54 (23.89%)
D2 61 (26.99%)
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after surgery) developed in 49 (21.68%) pa-
tients.  Complications of grade III-IV, accord-
ing to the Clavien-Dindo classifi cation, were 
recorded in 9 (4%) of the patients. Postop-
erative mortality (grade V by Clavien-Dindo) 
happened in 4 patients (1.77%), 2 of whom 
died of pulmonary embolism and the other 2 
of esophago-jejunal anastomosis leak and du-
odenal stump insuffi  ciency. 

Long-term outcomes
The median follow-up of patients in the study 
was 60 ± 2.08 (95% SI: 50-62) months. None 
of the living patients has left the study. There 
were 4 (1.77%) cases of postoperative 30-day 
mortality and 22 (9.74%) cases of deaths due 
to intercurrent pathology during the observation 
period (1.5 to 54 months) that were censored. 
The progression of the tumor process was re-
corded in 89 (39.38%) of 226 patients during 
the observation period. Most of the progression 
cases were patients with peritoneal recurrence, 
either alone or in combination with other metas-
tases - 45 (50.56%) patients (Fig. 1).

Figure 1. Structure of GC progression in 89 patients

There was a statistically signifi cant diff erence 
in disease progression after radical treatment 
of diff erent types of GC according to the Lauren 
classifi cation (χ2 = 16,66; р = 0,011). The most 
common way of progression for diff use and 
mixed GC was peritoneal, which was detected 
in 39 (63.93%) of the patients, whereas hema-

togenous progression was commonly observed 
in patients with intestinal-type GC, specifi cal-
ly in 18 patients (64.29%).  The frequency of 
lymphogenic progression was nearly the same 
in both morphological types of GC, occurring in 
21 (34.43%) and 8 (28.57%) cases, in diff use 
+ mixed and intestinal GC, respectively.

The following prognostic factors are like-
ly to have an impact on overall survival: the 
macroscopic form of the tumor according to 
Borrmann (p<0.0001), invasion of the se-
rous membrane of the stomach (p<0.0001) 
(fi g.  2), the area of tumor invasion in the se-
rous membrane of the stomach (p<0, 0001), 
histological structure of the tumor (p = 0.006), 
the histological form of the tumor according 
to Lauren (p = 0.0037), the status of region-
al lymph nodes (p <0.0001) and stage of the 
disease (p <0.0001).

Figure 2. Overall survival depending on the presence of 
serous invasion

Study of clinical and morphological risk 
factors of peritoneal recurrence
To determine reliable predictors of peritone-
al recurrence after radical surgery for gastric 
cancer, peritoneal relapse-free survival was 
studied in the framework of a univariate anal-
ysis (Table 2).

As shown in Table 2, among potential demo-
graphic, laboratory, tumor-associated, mor-
phological, lymphogenic, and therapeutical-
ly-associated factors of peritoneal relapse, 
statistically signifi cant eff ects were confi rmed 
by: female sex, tumor location (JGCA), Bor-
rmann’s type, depth of tumor invasion (pT), 
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Table 2 

Univariate analysis of potential factors of peritoneal recurrence

Factors Patients
(n=226)

Patients with perito-
neal relapse (n=45)

2-year PRFS,
(%)

PRFS 
(HR: 95 % CI) р

1 2 3 4 5 6
Sex 0.047

male 159 26 83.3% 1
female 67 19 72.9% 1.85 (1.02–3.34)

Age 0.47
<60 80 15 82.4% 1
≥60 146 30 78.9% 1.25 (0.67–2.33)

Serum protein (gm/l) (n=221) 0.072
≤75 116 26 78.1% 1
>75 105 14 86.4% 0.56 (0.29–1.07)

Fibrinogen (gm/l) (n=221) 0.26
≤4 108 16 82.4% 1
>4 113 24 78.9% 1.43 (0.76–2.69)

Coagulogram (n=221) 0.12
normal 95 34 82.7% 1
hypocoagulation 118 6 70.1% 1,32 (0,77 – 2,33)
hypercoagulation 8 0 100% 0,46 (0,23 – 1,01)

Serum biochemistry (n=221) 0,32
normal 202 35 83.2% 1
abnormal 19 5 69.3% 1.43 (0.65 – 4.22)

Urinalisis (n=221) 0,063
normal 134 16 89.0% 1
abnormal 87 24 71.4% 2.55 (1.35 – 4.80)

Course of disease 0,55
uncomplicated 121 22 81.2% 1
complicated 105 23 78.9% 1.19 (0.66 – 2.14)

Tumor localization (JGCA) <0,0001
U 10 3 59.3% 0.86 (0.53–1.1)
M 30 5 88.9% 0.61 (0.38–0.78)
L 126 16 88.6% 0.65 (0.42–0.89)
UM 10 4 47.6% 1
ML 33 9 68.7% 0.73 (0.5–0.96)
UML 8 8 12.5% 1.54 (1.1–1.81)
LD 4 0 100% 0.58 (0.32–0.91)
multicentric 5 0 100% 0.51 (0.31–0.86)

Borrmann’s type <0.0001
type І 19 1 94.1% 1
type ІІ 83 12 84.3% 2.96 (0.38–22.7)
type ІІІ 101 15 85.7% 2.95 (0.39–22.3)
type IV 23 17 28.8% 25.4 (3.4–191.6)

Serosal invasion <0.0001
no 84 4 95.8% 1
yes 142 41 70.8% 7.31 (2.61–20.4)

рТ (TNM7) <0.0001
рTis 2 0 100%
рT1 18 0 100% 1
рT2 41 3 94.3% 1.1 (0.32–4.6)
рT3 23 1 94.4% 1.2 (0.38–4.2)
рT4a 121 31 75.4% 8.2 (5.4–38.9)
рT4b 21 10 33.5% 18.2 (4.2–65.2)

Area of serosal invasion <0.00001
0 cm2 84 4 95.8% 1
less than 2 cm2 41 6 84.5% 3.11 (0.8–26.4)
2.1–5 cm2 28 4 82.8% 3.64 (0.74–27.6)



107

Праці НТШ Медичні науки
2022, Том 69, № 2   ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci   www.mspsss.org.ua
ISSN 2708-8642 (online)    2022, Vol. 69, 2

Оригінальні дослідження: клінічні науки Original research: Clinical sciences

Продовження таблиці 2
1 2 3 4 5 6

more than 5 cm2 73 31 58.2% 12.2 (2.8–48.7)
Perigastric tumor in-fi ltration 
of omentums

<0.0001

absent 156 21 87.0% 1
present 70 24 64.7% 3.2 (1.79 – 5.80)

Lauren’s type <0.0001
diff use/mixed 122 38 69.9% 1
intestinal 101 6 92.9% 0.16 (0.07 – 0.38)

Histological structure 0.003
G1 23 0 100% 1
G2 56 7 85.3% 1.2 (0.5–2.9)
G3 45 6 87.1% 1.1 (0.39–3.2)
Poorly cohesive 77 23 69.7% 7.2 (4.4–28.9)
Signet-ring 22 9 67.2% 78.1 (3.8–31.2)
mucinous 2 0 100%
other 1 0 100%

Peritoneal cytology
Mesothelial cells 105 18 82.8% 1 <0.0001
Lot of lymphocytes 55 8 86.0% 0.81 (0.35–1.86)
Cancer cells 3 2 50.0% 9.04 (2.09–39.1)

Regional lymph nodes status 0.0042
pN0 111 15 87.2% 1
pN+ 115 30 73.1% 2.40 (1.29–4.48)

Number of aff ected lymph 
nodes

<0.0001

0 111 15 87.2% 1
1 - 3 64 11 84.5% 1.2 (0.65–2.68)
4+ 51 19 56.8% 5.1 (3.57–9.4)

Index of lesions of regional 
lymph nodes

<0.0001

0 111 15 87.2% 1
≤0.1 41 6 86.8% 1.15 (0.32–3.4)
0.11–0.2 28 4 87.0% 1.22 (0.41–4.1)
≥0.21 46 20 50.5% 5.22 (3.88–9.24)

Intervention duration 0,019
≤ 225 min 118 17 85.2% 1
> 225 min 108 28 74.2% 2.0 (1.11–3.71)

Intraoperative blood loss 0,076
≤ 120 ml 120 19 85.0% 1
>120 ml 106 26 74.5% 1.69 (0.94–3.06)

Blood transfusions 0,13
no 194 36 82.1% 1
yes 32 9 68.2% 1.80 (0.87–3.75)

Plasma transfusions 0,011
no 162 25 85.5% 1
yes 64 20 67.0% 1.80 (0.87–3.75)

Lymph nodes dissection 0,31
 D0 46 6 85.5% 1
 D1 65 17 71.5% 2.2 (0.87–5.64)
 D1+ 54 11 83.5% 1.60 (0.59–4.34)
 D2 61 11 81.9% 1.36 (0.50–3.68)

Prolonged postoperative 
lymphorrhea

0,44

yes 26 3 86,2 % 1
no 200 42 78,8% 1.46 (0.62–3.78)

Adjuvant chemotherapy 0,28
yes 18 7 54% 1
no 208 38 79,4% 1.67 (0.88–5.37)
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area of   serosal invasion (fi g. 3) (not confi rmed 
for an intestinal subgroup, p = 0.65), perigas-
tric tumor infi ltration of omentums (not con-
fi rmed for the intestinal subgroup, p = 0.84), 
histological structure, Lauren’s type, peritone-
al cytology, regional lymph node status, met-
astatic lesions of 4 or more regional lymph 
nodes, lesion index of regional lymph nodes 
(fi g. 4), intervention duration, and plasma 
transfusion. Identifi ed predictive factors re-
quire confi rmation in multivariate analysis.

Regional lymph node metastases, as demon-
strated above, are likely to increase the risk 
of peritoneal recurrence. However, the great-
er extent of regional lymph node involvement 
correlates with higher stages of the disease 
and is potentially associated with a greater 

Table 3

Multivariate analysis of peritoneal recurrence factors

Factors Univariate analysis 
PRFS (HR: 95 % CI) р Multivariate analysis 

PRFS (HR) р Points for 
nomogram

Sex 0.047 0.28
male 1
female 1.85 (1.02–3.34) 1.47

Tumor localization “U” (JGCA) <0.0001 <0.001
no 1 0
yes 5.76 (3.1–10.8) 3.98 1

Borrmann’s type <0.0001 0.82
type І, ІІ, ІІІ 1
type IV 9.20 (5.0–17.0) 1.12

Histological type <0.0001 0.99
other 1
Poorly cohesive, signet-ring 3.60 (1.89–6.86) 0.99

Perigastric omental infi ltration <0.0001 0.59
absent 1
present 3.2 (1.79–5.80) 1.22

Intervention duration 0.019 0.46
≤ 225 min 1
> 225 min 2.0 (1.11–3.71) 1.34

Plasma transfusion 0.011 0.52
no 1
yes 1.80 (0.87–3.75) 1.25

Lauren’s type <0.0001 <0.001
intestinal 1 0
diff use / mixed 6.20 (2.6–14.7) 5.3 1

Serosal invasion <0.0001 <0.001
absent 1 0
≤5 sm2 3.30 (1.0–.10.5) 4.25 1
>5 sm2 12.18 (4.3–34.5) 9.36 2

Lesion index of regional lymph nodes <0.0001 0.015
≤0.2 1 0
>0.2 4.90 (2.7–8.9) 2.23 1

Figure 3. Peritoneal relapse-free survival depending on 
the size of serosal invasion
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area of   the serosal lesion. As a result, the in-
fl uence of the lesion index of regional lymph 
nodes on the risk of peritoneal recurrence was 
studied in a homogeneous (relative to the area 
of tumor infi ltration of the serous membrane of 
the stomach) group of patients, and statistical 
signifi cance was confi rmed (р=0,046, HR 2.39, 
95 % CI 1.01-5.7).

Figure 4. Peritoneal relapse-free survival depending on 
the lesion index of regional lymph nodes

Peritoneal recurrence factors that demon-
strated statistical probability in a monofac-
torial analysis (Table 3) were further exam-
ined in a multivariate analysis and ranked by 
the scores of independent predictive factors. 
Based on this, a nomogram was developed 
to assess the risk of peritoneal recurrence in 
gastric cancer patients after radical surgery 
(Fig. 5, 6), and prognostic groups of gastric 
cancer patients were formed based on the risk 
of peritoneal recurrence (Fig. 7).

Figure 5. Nomogram of the dependence function of peri-
toneal recurrence risk on prospective factors of multivar-

iate analysis (and exponential trend line)

Figure 6. Algorithm for calculating the risk score of peri-
toneal recurrence in gastric cancer

Figure 7. The prognostic groups of patients with gastric 
cancer in relation to the risk of peritoneal recurrence

Discussion
Peritoneal relapse is the most common pattern 
of GC recurrence after radical surgery [5]. The 
effi  cacy of various adjuvant peritoneal chemo-
therapy methods, such as hyperthermic intra-
peritoneal chemotherapy (HIPEC) [9], pres-
surized intraperitoneal aerosol chemotherapy 
(PIPAC) [10], early postoperative intraperitoneal 
chemotherapy (EPIC), extensive intraoperative 
peritoneal lavage (EIPL) [5, 12], intraperitoneal 
immunotherapy [13], etc., is being studied today 
to reduce the rate of peritoneal relapse. Thus, in 
clinical practice, the study of independent pre-
dictors and the development of a predictive no-
mogram for the peritoneal recurrence of GC may 
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serve as a powerful tool for forming a cohort of 
patients with indications for adjuvant intraperito-
neal chemotherapy. There are only a few reports 
on this subject in the literature [14]. Based on the 
results of monovarietal analysis of about three 
dozen potential factors and multivariate analysis, 
we identifi ed four independent predictive factors 
of peritoneal recurrence of GC based on which 
we built a nomogram: invasion of the serosal 
membrane, area of   serosal invasion, morpholog-
ical type according to Lauren, index of regional 
lymph node involvement, and tumor localization 
in the upper third of the stomach.

The depth of tumor invasion in the gastric wall, 
and particularly the invasion of the stomach’s se-
rous membrane, are signifi cant predictors of GC 
peritoneal recurrence [2, 4, 15]. As expected, 
our study confi rmed the likely impact of primary 
tumor invasion depth on the risk of peritoneal 
relapse, with a drastic increase when reaching 
the level of the serous membrane (pT4a) and a 
subsequent increase when growing into adjacent 
structures (pT4b). The presence of serosal inva-
sion determines the likelihood of malignant cell 
desquamation into the free abdominal cavity, re-
sulting in implantation metastasis. In our study, 
the rate of peritoneal recurrence was 28.87% in 
the presence of serosal invasion, compared to 
only 4.76% in its absence. 

Naturally, the likelihood of peritoneal relapse in-
creases as the extent of serosal invasion grows. 
As a result, we observed a likely progressive de-
cline in the level of 2-year PRFS to 84.4% with 
an invasion area greater than 5 cm2, to 62.6% 
with an area greater than 10 cm2, and to 18.8% 
with an area greater than 60 cm2. The prognos-
tic signifi cance of invasion extent in the stom-
ach’s serous membrane has previously been re-
ported [16]. According to Lauren, this tendency 
has only been statistically confi rmed in patients 
with diff use and mixed types of gastric cancer. 
The extent of   tumor invasion into the serous 
membrane had no eff ect on the risk of PR in 
patients with intestinal cancer.

Hence, the potential for implantation metasta-
sis development is strongly dependent on the 
biology of the tumor rather than the mecha-
nistic factors of dissemination (depth and size 
of invasion). Thus, high affi  nity for peritoneal 
metastases has previously been demonstrat-
ed for the diff use type, as well as undiff erenti-

ated and signet ring cell cancer [2, 3]. In this 
study, PR developed in 31.15% of patients 
with diff use and mixed types by Lauren, while 
in patients with intestinal GC, only in 5.94%.

The possibility of implantation metastasis de-
velopment in the absence of serous membrane 
invasion is an intriguing issue in clinical oncolo-
gy. In our study, we found that 4.76% of such 
patients had PR. Possibly, their occurrence could 
have been triggered by malignant cell transloca-
tion through an intact serous membrane or by a 
lymphogenic factor [17]. Admittedly, the pres-
ence of the “pN+” factor in this study increased 
the risk of metachronous implantation metas-
tasis. Also, the fi ndings of this study regarding 
the number of aff ected lymph nodes and the 
predictive signifi cance of the lymphogenic lesion 
index were innovative. Thus, as the number of 
aff ected regional lymph nodes increased to a 
level ≥ 4, the risk of peritoneal recurrence in-
creased dramatically, whereas patients with 1–3 
lymph node invasion had a risk of peritoneal re-
currence compared to patients with pN0. The 
risk of PR dramatically increases when reaching 
a lymphogenic lesion index ≥ 0,21.

As a result, this fundamental scientifi c fi nding 
confi rms the possibility of the lymphogenic fac-
tor being of signifi cance in the implementation of 
peritoneal recurrence mechanisms. Desquama-
tion in the area of perinodal tumor invasion and 
dissemination caused by surgical trauma, as well 
as lymphorrhea in the abdominal cavity, are pos-
sibilities for implementing the lymphogenic mech-
anism. However, the eff ect of expanded lymph 
dissection on the risk of PR is still debatable [18]. 

The mechanism of infl uence on the risk of 
peritoneal recurrence in the case of tumor lo-
calization in the upper third of the stomach 
remains uncertain. Potential justifi cation for 
that could be diff erent molecular profi les of 
tumors located in diff erent anatomical thirds 
of the stomach with diff erent potential for im-
plantation metastasis [19].

In conclusion, based on the identifi ed indepen-
dent prospective factors, a predictive nomogram 
of peritoneal gastric cancer recurrence after 
radical surgical treatment has been developed, 
with a clear practical direction and major clinical 
signifi cance as a tool for segregating patients 
for receiving adjuvant intraperitoneal therapy.



111

Праці НТШ Медичні науки
2022, Том 69, № 2   ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci   www.mspsss.org.ua
ISSN 2708-8642 (online)    2022, Vol. 69, 2

Оригінальні дослідження: клінічні науки Original research: Clinical sciences

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,  Bray F. Global Cancer Statistics 
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: 
A Cancer Journal for Clinicians. 2021; 71(3): 209-249.

2. Roviello F, Marrelli D, de Manzoni G, Morgagni P, Di Leo A, Saragoni L, De Stefano A. Prospective study 
of peritoneal recurrence after curative surgery for gastric cancer. Br J Surg. 2003 Sep; 90(9):1113-9. 
DOI: 10.1002/bjs.4164.

3. Yoo CH, Noh SH, Shin DW, Choi SH, Min JS. Recurrence following curative resection for gastric carcino-
ma. Br J Surg. 2000; 87(2): 236-242. DOI: 10.1046/j.1365-2168.2000.01360.x

4. Chen S, Cai MY, Chen YB, Li YF, Feng XY, Zhou ZW. Serosa-penetration in human T4aN0M0 gastric car-
cinoma correlates with worse prognosis after D2 gastrectomy. Chin Med J (Engl). 2012; 25(6): 1158-
1162. DOI: 10.3760/cma.j.issn.0366-6999.2012.06.034

5. Coccolini F, Catena F, Glehen O, Yonemura Y, Sugarbaker PH, Piso P, Ceresoli M, Montori G, Ansaloni L. Eff ect of 
intraperitoneal chemotherapy and peritoneal lavage in positive peritoneal cytology in gastric cancer. System-
atic review and meta-analysis. Eur J Surg Oncol. 2016; 42(9):1261-1267. DOI: 10.1016/j.ejso.2016.03.035.

6. Takebayashi K, Murata S, Yamamoto H, Ishida M, Yamaguchi T, Kojima M, Shimizu T, Shiomi H, Sonoda 
H, Naka S, Mekata E, Okabe H, Tani T. Surgery-induced peritoneal cancer cells in patients who have 
undergone curative gastrectomy for gastric cancer. Ann Surg Oncol. 2014; 21(6): 1991-1997. DOI: 
10.1245/s10434-014-3525-9.

7. Sugarbaker PH, Van der Speeten K. Adjuvant HIPEC for gastric cancer. J Gastrointest Oncol. 2021; 
12(Suppl 1): S18-S19. DOI: 10.21037/jgo-2020-08

8. Reutovich MY, Krasko OV, Sukonko OG. Hyperthermic intraperitoneal chemotherapy in prevention of 
gastric cancer metachronous peritoneal metastases: a systematic review. J Gastrointest Oncol. 2021; 
12(Suppl 1): S5–S17. DOI: 10.21037/jgo-20-129.

9. Götze TO, Piso P, Lorenzen S, Bankstahl US, Pauligk C, Elshafei M, Amato G, Reim D, Bechstein WO, 
Königsrainer A, Mönig SP, Rau B, Schwarzbach M, Al-Batran SE. Preventive HIPEC in combination with 
perioperative FLOT versus FLOT alone for resectable diff use type gastric and gastroesophageal junction 
type II/III adenocarcinoma – the phase III “PREVENT”- (FLOT9) trial of the AIO /CAOGI /ACO. BMC 
Cancer. 2021; 21:1158. doi.org/10.1186/s12885-021-08872-8.

10. Ellebæk SB, Mortensen MB. Adjuvant Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) During 
Laparoscopic Resection in High-risk Gastric Cancer Patients: A Multicentre Phase-I Study (the PI-
PAC-OPC4 Study). 2019; ClinicalTrials.gov Identifi er: NCT04047004.

11. Noh SH, Yoo CH, Chung HC, Roh JK, Shin DW, Min JS. Early postoperative intraperitoneal chemotherapy 
with mitomycin C, 5-fl uorouracil and cisplatin for advanced gastric cancer. Oncology. 2001; 60(1): 24-
30. DOI: 10.1159/000055292.

12. Misawa K, Mochizuki Y, Sakai M, Teramoto H, Morimoto D, Nakayama H, Tanaka N, Matsui T, Ito Y, Ito 
S, Tanaka K, Uemura K, Morita S, Kodera Y, Chubu Clinical Oncology Group. Randomized clinical trial of 
extensive intraoperative peritoneal lavage versus standard treatment for resectable advanced gastric 
cancer (CCOG 1102 trial). Br J Surg. 2019; 106(12): 1602-1610. DOI: 10.1002/bjs.11303.

13. Thadi A, Khalili M, Morano WF, Richard SD, Katz SC, Bowne WB. Early Investigations and Recent Ad-
vances in Intraperitoneal Immunotherapy for Peritoneal Metastasis. Vaccines (Basel). 2018; 10; 6(3): 
54. DOI: 10.3390/vaccines6030054.

14. Chen X, Chen S, Wang X, Nie R, Chen D, Xiang J, Lin Y, Chen Y, Peng J. Analysis and external validation 
of a nomogram to predict peritoneal dissemination in gastric cancer. Chin J Cancer Res. 2020; 32(2): 
197-207. DOI: 10.21147/j.issn.1000-9604.2020.02.07.

15. Yura M, Yoshikawa T, Wada T, Otsuki S, Hayashi T, Yamagata Y, Katai H, Nishida T. The prognostic impact 
of macroscopic serosal change on resectable advanced gastric cancer. BMC Cancer. 2021; 21(1): 1056. 
DOI: 10.1186/s12885-021-08767-8.

16. Ikeguchi M, Oka A, Tsujitani S, Maeta M, Kaibara N. Relationship between area of serosal invasion and 
intraperitoneal free cancer cells in patients with gastric cancer. Anticancer Res. 1994; 14(5B): 2131-2134.

17. Marutsuka T, Shimada S, Shiomori K, Hayashi N, Yagi Y, Yamane T, Ogawa M. Mechanisms of peritoneal 
metastasis after operation for non-serosa-invasive gastric carcinoma: an ultrarapid detection system for 
intraperitoneal free cancer cells and a prophylactic strategy for peritoneal metastasis. Clin Cancer Res. 
2003; 9: 678-85. DOI:  Published February 2003.

18. de Manzoni G, Roviello F, Siquini W. Surgery in the multimodal management of gastric cancer. Milan: 
Springer-Verlag Italia, 2012. – 266 p.

19. Chen Y, Zhou Q, Wang H, Zhuo W, Ding Y, Lu J, Wu G, Xu N, Teng L. Predicting Peritoneal Dissemination 
of Gastric Cancer in the Era of Precision Medicine: Molecular Characterization and Biomarkers. Cancers. 
2020; 12: 2236. doi:10.3390/cancers12082236.


