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ABSTRACT

Relevance: Gastric cancer is one of the most common malignant neoplasms and ranks fifth in cancer incidence worldwide. The only
curative approach to localized gastric cancer is radical surgery with or without prior chemotherapy. But chemotherapy is the main treatment
method for metastatic or locally advanced gastric cancer. Later stages of gastric cancer are highly resistant to chemotherapy; therefore, there
is a need for modern treatment approaches. Particular attention is paid to therapy for metastatic/locally advanced gastric cancer.

The study aimed to describe the possibilities of using immune checkpoint inhibitors (ICls) to treat metastatic or locally advanced gastric

cancer.

Methods: The data from modern literary sources of recent years were studied using specialized sci-entific search engines: Scopus,
PubMed, Google Scholar, and Web of Science for the possibility of promising application of various immunotherapeutic approaches in treat-

ing metastatic or locally advanced gastric cancer.

Results: The article describes modern methods of treatment of metastatic or locally advanced SC using ICls, including PD-1, PD-L1,
and CTLA-4, demonstrates the mechanisms of immunological surveillance, characteristics of PD-1, PD-L1, CTLA-4, and their significance in
suppressing the T-cell response. The effectiveness of using ICls, particularly PD-1, PD-L1, and CTLA-4, has been es-tablished in the first and

subsequent lines of therapy.

Conclusion: ICls are a recent finding in antitumor therapy. Frequent resistance of gastric cancer to chemotherapy urges the use of ICls to

treat advanced gastric cancer.

Keywords: Immunotherapy of metastatic or locally advanced gastric cancer, immune checkpoint in-hibitors (ICls), PD-1, PD-L1, CTLA-4,

immune response mechanisms.

Introduction: Gastric cancer (GC) is one of the
most common malignant neoplasms and ranks fifth in
the structure of cancer incidence in the world [1]. The
only curative approach to localized gastric cancer is
radical surgery with or without prior chemotherapy.
However, with metastatic or In locally advanced gas-
tric cancer, chemotherapy is the primary treatment
[2]. According to modern sources and clinical guide-
lines, the use of combined chemotherapy regimens
increases the objective response rate (ORR) and over-
all survival (OS) compared with monotherapy. At the
same time, the use of combined chemotherapy regi-
mens does not give significant practical results due to
their high toxicity. In the later stages of gastric cancer,
there is high resistance to chemotherapy, so there is a
need to search for modern treatment approaches. This
article studies the use of immune checkpoint inhibi-
tors (ICls) in therapy, in particular, PD-1 (Programmed
cell death-1), PD-L1 (Programmed death-ligand 1),
CTLA-4 (Cytotoxic T - lymphocyte-associated protein

4). Monoclonal antibodies that block PD-1, PD-L1, and
CTLA-4 are currently the most studied [3]. ICls can be
used as monotherapy or as part of combination ther-
apy. This drug therapy has become a breakthrough in
treating solid tumors, including gastric and colorec-
tal cancer [4]. This review explores the prospects and
emerging pathways for using immunotherapy to treat
gastric cancer, especially in its metastatic/locally ad-
vanced forms.

The study aimed to describe the possibilities of us-
ing immune checkpoint inhibitors (ICl) to treat meta-
static or locally advanced SC.

Materials and methods: The data from peer-re-
viewed sources published over the past ten years and in-
dexed in the scientific search engines Scopus, PubMed,
Scholar, Web of Science, and Google were studied. A total
of 89 sources, including research articles and NCCN Clin-
ical Guidelines in Oncology (NCCN Guidelines®), were an-
alyzed for study keywords. Of these, 18 sources were in-
cluded in the analysis, which considered the mechanisms
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of avoidance of protective immune responses by the tu-
mor cell and the use of immunotherapy in treating meta-
static or locally advanced gastric cancer.

Results:

Immunosurveillance

Every day in the human body, cells are formed with
signs of tumor cells, which are destroyed by the human
immune system due to the body’s immunological control
over tumor cells [5]. Without exception, all tumor cells are
potentially immunogenic and trigger the mechanisms of
the immune system to recognize and destroy cancer cells
[6]. One of these well-known subpopulations is T-killers,
which can destroy defective body cells. They are also
called cytotoxic lymphocytes (CD8+T lymphocytes).

Immunoscape

However, the immune system does not always have
sufficient influence because the tumor has properties that
prevent the immune system from recognizing and de-
stroying cancer cells. The mechanism for avoiding immu-
nological surveillance may be the production of several
co-inhibitory receptors by the cancer cell [4, 7]. For exam-
ple, PD-1 and CTLA-4 receptors bind to tumor cell ligands
(PD-L1 ligand ) and inhibit T cell activation. Figure 1 shows
the presence of the PD-1 protein on the surface of T-lym-
phocytes.

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Figure 1 - Expression of a transmembrane protein, PD-L1 ligand,
on tumor cells [8]

Antitumor effect of ICl immunity in the treatment of sol-
id tumors, including gastric cancer

Monoclonal antibodies that block ligands or recep-
tors of immune checkpoint inhibitors were developed to
overcome this phenomenon. ICls inhibit negative T-cell
co-stimulation, resulting in a T-cell response. Thus, the
antitumor effect is achieved due to the activation of
one’s immune system and not through the effect on tu-
mor cells (Figure 2).

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell

/ | death
st

Anti-PD-L1

Anti-
PD-1

T cell

Figure 2 - ICls"mechanisms of action [9]

Currently, ICls provide reliable clinical results in treat-
ing metastatic or locally advanced gastric cancer [10].

Immunotherapy in anti-PD-1/PD-L monotherapy

In the ATTRACTION-2 phase Il trial, anti-PD-1 ICIS
(nivolumab ) was used as monotherapy in patients with
locally advanced or metastatic gastric cancer after two or
more lines of chemotherapy. Improved OS compared to
placebo (median OS 5.26 vs. 4.14 months). The median
time to progression (TTP) was 1.61 months vs. 1.45 months.
The ORR was 11.2% vs. 0%; p<0.0001. These results led to
the approval of nivolumab in Asian countries. The analy-
sis showed that the expression status of PD-L1 on tumor
cells did not affect the OS of patients with locally advanced
or metastatic gastric cancer in the phase Ill ATTRACTION-2
study. Of the undesirable effects, there was a decrease in
appetite, diarrhea, and general fatigue [11].

In the KEYNOTE-059 phase Il study, three cohorts of
patients with advanced gastric cancer/CEC were iden-
tified who received three or more lines of chemother-
apy. We want to focus on the first largest cohort of pa-
tients (n=259) who received anti-PD-1 ICI therapy in
mono mode (pembrolizumab) as the third and subse-
quent lines of therapy. The ORR was 15.5% for patients
with PD-L1-positive tumors (CPS>1) and 6.4% for pa-
tients with CPS<1.The median OS was 5.6 months [12].

In the JAVELIN 300 phase lll study, an anti-PD-L1 an-
tibody (avelumab) showed no improvement in OS com-
pared with third-line chemotherapy in patients with local-
ly advanced or metastatic gastric cancer [13].

The KEYNOTE-061 phase Il randomized trial studied
the efficacy of an ICl drug (pembrolizumab) compared with
chemotherapy in patients with metastatic PD-L1 CPS>1
with locally advanced or metastatic gastric cancer after 1st
line chemotherapy. The median OS was 9.1 months when
using ICl vs. 8.3 months during chemotherapy [14].
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In the ATTRACTION-02 Asian phase lll study, the role of
nivolumab in the treatment of advanced gastric cancer af-
ter two lines of therapy was evaluated in 493 patients, re-
gardless of PD-L1 status. In patients treated with nivolumab
compared with placebo, the ORR was 11.4%, with an im-
provement in OS (median OS, 5.3 vs. 4.1 months). After one
year, 26.2% of patients treated with nivolumab were alive
compared to 10.9% in the placebo group [11]. Based on
these results, nivolumab was approved as a monotherapy
in Japan in 2017. In Europe, the approval was rejected since
the population included only patients from Asian countries.

In the KEYNOTE-012 study (the first trial of an anti-PD-1
antibody for the treatment of gastric cancer), pembroli-
zumab was used in the second and subsequent lines to
treat metastatic gastric cancer, with an objective response
rate of 22%, a median OS of 11.4 months was obtained. [15].

Anti-PD-1/PD-L1 antibodies plus chemotherapy

In the KEYNOTE-062 study, chemotherapy in combina-
tion with anti-PD-L1 (pembrolizumab) showed no bene-
fit in terms of OS and TTP in both populations (CPS>1 and
CPS=10). However, the ORR was higher in the pembroli-
zumab plus chemotherapy group (49% vs. 37% for CPS>1).

ESMO 2020, ASCO 2021, and ASCO - GI 2022 pre-
sented significant results from CHECKMATE-649, a glob-
al phase Il trial of first-line combination immunother-
apy of PD-1 co-inhibitors (nivolumab) and CTLA-4
(ipilimumab) without chemotherapy and CTLA-4 (ipili-
mumab) in combination with chemotherapy vs. chemo-
therapy alone. The large population of 1581 patients with
locally advanced gastric cancer (histological type adeno-
carcinoma) included 24% Asians and 76% non-Asians.
60% of patients treated with chemotherapy (n=955) had
a PD-L1 CPS = 5. Combination treatment with CTLA-4 (ip-
ilimumab) plus chemotherapy for PD-L1 CPS>5 provided
a significant improvement in median OS (14, 4 months vs.
11.1 months in patients receiving chemotherapy alone).
The median TTP was 7.7 months vs. 6.0 months. Survival
rates at 12 months with PD-L1 CPS=5 were significantly
higher in the nivolumab plus chemotherapy combination
group compared to chemotherapy alone (57% vs. 46%). All
CPS=>5 subgroups improved ORRin response to nivolumab
plus chemotherapy. The combination of nivolumab plus
ipilimumab without chemotherapy showed no clear ben-
efit in terms of OS compared with chemotherapy alone.

Based on these results, the Food and Drug Administra-
tion (FDA) and Taiwan food and drug Administration (TFDA)
have approved nivolumab in combination with chemother-
apy in patients with advanced/metastatic gastric cancer re-
gardless of PD-L1 CPS status in the US and Taiwan, respec-
tively. In Europe, the European Medicines Agency (EMA) has
approved nivolumab in combination with chemotherapy in
patients with PD-L1 CPS>5. These results allow patients with
advanced or metastatic gastric cancer to access promising,
effective ICl immune response therapy in a first-line setting.

The ORIENT-16 Asian phase llI trial studied a place-
bo-controlled PD-1 inhibitor (sintilimab) in combination
with chemotherapy (XELOX) in 650 patients with advanced
gastric adenocarcinoma (61% with PD-L1 CPS=5). As pre-
sented at ESMO 2021, early results show a survival bene-
fit of combination therapy in all randomized patients com-
pared to chemotherapy plus placebo ( median OS 15.2 vs.
12.3 months), with longer TTP and higher ORR [16]. This ef-
fect was even more evident in the group of patients with
PD-L1 CPS=5 tumors (median OS 18.4 vs. 12.9 months) [16].

The JAVELIN Gastric 300 trial compared avelumab with
chemotherapy as a third-line treatment in patients with
advanced gastric cancer. In 371 randomized patients, the
primary endpoint (improvement in OS: median OS 4.6 vs.
5.0 months) and the secondary endpoints of OS and ORR
were not met. However, avelumab was safer than chemo-
therapy [15].

Anti-PD-1 antibody plus anti-CTLA4 antibody

The CheckMate-032 study compared the ORR of
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg (ORR - 24%)
with nivolumab 3 mg/kg plus 3 mg/kg . kg of ipilimumab
(ORR - 12%) [171].

The CheckMate-649 phase Il study included a cohort
treated with nivolumab (1 mg/kg) and ipilimumab (3 mg/
kg) vs. chemotherapy. The combination of nivolumab
plus ipilimumab did not improve OS compared with che-
motherapy in patients with PD-L1 CPS>=5 (median 11.2
months vs. 11.6 months). Regardless of PD-L1 expression,
a combination of nivolumab plus ipilimumab produced a
median OS of 2.8 months compared with 6.3 months after
chemotherapy. ORR was lower in the nivolumab plus ipili-
mumab group (27%) compared with chemotherapy (47%)
for CPS=5 in all randomized populations.

The ATTRACTION-6 phase lll trial is currently underway.
Study of the combination of nivolumab (1 mg/kg) with ip-
ilimumab and chemotherapy vs. chemotherapy. The study
is being conducted in Asian countries.

The negative side of immunotherapy is immune-medi-
ated adverse events, including nephrotoxicity, cardiotox-
icity, gastric toxicity, and damage to lung tissues, skin, and
endocrine glands [18].

Discussion: Gastric cancer treatment is a complex task
that requires a multidisciplinary approach for optimal treat-
ment. In particular, special attention is paid to the treatment
of metastatic/ locally advanced gastric cancer. Immuno-
therapy is a new anticancer treatment that uses antitumor
antibodies (our article presents the most studied ICls, such
as PD-L1 and CTLA-4). Immunotherapy is a rapidly grow-
ing area of research in treating gastric cancer. The approv-
al of ICls in patients with progressive gastric cancer expands
the existing treatment options and represents a viable op-
tion for personalized therapy. Many studies continue to as-
sess the possibility of using ICls to treat locally advanced or
metastatic gastric cancer. Ongoing phase Il and lll trials give
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patients access to immunotherapy in every line of therapy.
Combination therapy with nivolumab and chemotherapy
provided a clinically significant improvement in OS as first-
line therapy in all patients with advanced gastric adenocar-
cinoma (CPS=5). It was approved for use in Europe, the USA,
Taiwan, and other countries. As a third-line drug, Nivolumab
prolonged OS compared to a placebo and was approved in
Japan. In addition, pembrolizumab significantly prolonged
the duration of a positive response to immunotherapy,
leading to its approval for patients with PD-L1 CPS>1 tu-
mor in the United States. Today, the efficacy of different bio-
markers (such as MSIand TMB) is studied in the personalized
treatment of locally advanced or metastatic gastric cancer.
Conclusion: ICls are the main valuable recent success in
anticancer therapy. Their use has led to significant results
in treating tumor diseases and improved patient progno-
sis. ICls are the preferred option for gastric cancer, which is
often resistant to chemotherapy. ICls are included in vari-
ous gastric cancer treatment regimens currently studied in
many clinical trials. Other promising biomarkers, such as MSI
and tumor mutation load, have been isolated in addition to
PD-L1 expression. Searching for different biomarkers of ICl
efficacy is required to achieve better treatment outcomes.
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AHJATIHA

KEPI'IJIIKTI TAPAJIFAH ’)KOHE METACTA3/bIK ACKA3AH OBbIPbIH
EMIAEYJIE BAKBIVIAY HYKTECI UHI' UBUTOPJIAPBIH KOJIJIAHY :
IJEBUETTEPI'E IOJY
M.C. Imumpenko', K.K. Cmazynosa'?, P.3. A6opaxmanoe'?, P.K. Packanues', H.T. Typknenosa', 3.I1. Meoemoexosa',
C.H. Kanoapéexos', A.O. Kyanvuu', JK.C. Kenacevaesa', /I.Y. lasxmemosa’, A.7K. Kuenbaesa', A.K. /[rcakunoaesa®

"«Kasak OHKonorust xaHe paguonorust FuinbIMU-3epTTey MHCTUTYTBI» AK, Anmatsl, KasakctaH Pecnybnukacs;
2«C. K. ActheHausipo atbiHparsl Kasak ¥nTTelk MeanunHa YausepeuteTis KEAK, Anmatsl, KasakcTtan Pecnybrnkacs

Oszexminizi: Ackazannviy kamepii iciei (I'K) en ken mapanzan kamepiui icikmepoin 6ipi 6onein madwiiadvl JKHcoHe diemoe Kamepii icik aypy-
JAPLIHBIY apacblHOa becinuti opblHOa. ACKa3aHHbIY OKWAYIaH2ak Kamepii icicin emOeyOiy canabls 90ici — andbiH dd XUMUOMEPANUsMeH Hemece
paouxandvl xupypeus. Bipax, memacmaszovix nemece dHcepeinikmi 0amvlean AcKazan 00bIpbIHOA XUMUOmMepanus Heeizei em 601bin Mmadwvliaobl.
Ackaszan Kamepii iCieiHiH COHabl CAMbLIAPLIHOA XUMUOMEPANUsiad MO3IMOLLIZI HCO2apbl, COHObIKIMAH 3aMAHAYU eMoey mociioepin i30ey Kaxcem.
Ackazannviy memacmasobik/Hcep2inikmi acKpiH2an obbIpbiH eMoeyee epeKuie Koyl 0OiHeOI.

3epmmeyoin makcamol memacma3zoblK Hemece Hcep2iiikmi ACKblHeaH ACKA3aH 00bIPbIH eMoey YUulin UMMYHObIK OAKbLIAY HyKmelepiniy uHeu-
oumopaapvin (BHHU) naiioanany mymxinoikmepin cunammay 60avin maowliaobl.
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Aoic-macinoepi: apraiivl 2blibIMU (30€y JHCYUeIePl APKbLIbL, COH2bL HCHLIOAPOA2bl 3AMAHAYU d0ebuem 0epekko30epi OoublHua 3epmmeindi.
Scopus, PubMed, Google Scholar, Web of science, memacma3zobix Hemece dcep2ilikmi dCKblH2aH ACKA3aH 00bIpbIH eMOey0e UMMYHOMEPANUSHbIH
apmypai mocinoepin ymoimobl KOIOAHY MYMKIHOIST YULiH.

Homuocenep: Maxanaoa memacmasowik wemece dxcepeinikmi ackvinean ackazan obvipvin AKT kemezimen emoeyoiy 3amanayu sdicmepi cu-
nammanza, conwvly iuinde PD-1, PD-L1, CTLA-4, ummynonocusinvix Kaoazanray mexanusmoepi, PD-1, PD-L1, CTLA- 4 cunammamanapel kepce-
mineeH sHcoHe 01apobly T-oHcacyulacvibly CynpeccuscblHa sHcayabviibly Maybl30uliviebl. BHH-0b1 Konoanyoeiy muimdiniei, aman aimxanoa, PD-1,
PD-L1, CTLA-4, mepanusinoly Oipinuii dcoHe Kellinel 6azelmmapulioa 0a 6eniieHol.

Kopoimoinovi: bHH icikke Kapcol mepanusoazel COH2bl JHCbLIOAPbL AUbLI2AH JHCAHABIK. ACKazan Kamepii ICieiHiy XumMuomepanusiaa Jcui
me3zimoiniei Homudcecinoe, BHU-0vl ackasannvly Keut camvicbiHOa2bl Kamepai icicin emoeyoe KOI0AH2aAH HCOH.

Tyiiinoi co30ep: Memacmamuranvlk Hemece Hcepinikmi ACKblH2aH ACKA3aH Kamepiii iCI2IHIH UMMYHOMEPAnusicol, OAKbLIay HyKmeci uneubu-
mopnapwei (CPT), PD-1, PD-L1, CTLA-4, ummyHObIK dicayan mexanusmoepi.

AHHOTAL U

INPUMEHEHUE UHI'MBUTOPOB KOHTPOJIBHbBIX TOYEK B JIEHEHUHU
MECTHOPACITPOCTPAHEHHOI'O U METACTATHYECKOI'O PAKA KEJYJIKA:
OB30P JIMTEPATYPbI

M.C. Imumpenko', K.K. Cmazynosa'?, P.3. A6opaxmanoe'?, P.K. Packanues', H.T. Typknenosa', 3.I1. Meoemoexosa',
C.H. Kanoapoekos', A.O. Kyanviu', JK.C.Kenasceoaesa', /1.Y. IHlasxmemosa’, A.7K. Kuenobaesa', A.K. /rcakunoaesa®

AO «Kasaxckuit Hay4HO-MCCTIEJOBATENBCKUIA MHCTUTYT OHKOMOMMW U paauonoruuy, Anmarsl, Pecnybnuka Kasaxcrar;
2HAO «Kasaxckuit HauyoHanbHblit MeauumHekii yuueepeuteT um. C.[0. ActheHamnsiposay, Anmatel, Pecny6nuka Kasaxcta

Axmyanvnocmy: Pax oicenyoxa (PXK) sinsemcsi 00HUM U3 CambiX pacnpoCmpaHeHHbIX 310KAYECBEHHbIX HOBOOOPA308AHUIL U 3aHUMAEM NsMoe
Mecmo 6 cmpykmype onKko3aboiesaemocmu 8 mupe. EOuncmeentvim euebHbim nooxooom K aokanuzosannomy PXK senaemcs paoukanvnas onepayus ¢
npedutecmeyroujell xumuomepanuetl unu 6es nee. Ho npu memacmamuueckom unu mecmuopacnpocmparennom PIK xumuomepanus s6151emcst 0CHO8HbIM
Mmemooom seuenusi. Ha nozonux cmaousix PXK nabniodaemces 8blcokas pe3sucmenmuochis K XUMUomepanuu, 8 C6si3u ¢ 4em cyujecmsyern HeooXxooumocnsb
NOUCKA COBPEMEHHBIX NOOX0008 Jeverus. Ocoboe sHuManue yoersemcs mepanuu npu memacmamuieckom/mecmuopacnpocmpaneriom PIK.

Lenv uccredosanusn — onucams 803MOHNCHOCIU NPUMEHEHUS UHSUOUMOPO8 KOHMPOIbHBIX mouek ummynumema (MKT) ons reuenus memacma-
MU4ecKoo uiu mecmuopacnpocmparenno2o PXK.

Memoowr: Boinu uzyuenvl OanHble COBPEMEHHBIX TUMEPAMYPHLIX UCHOYHUKOS NOCTCOHUX JIem C UCNONb30BAHUEM CReYUATUSUPOBAHHBIX HAYY-
HbIX nouckoswix cucmem: Scopus, PubMed, Google Scholar, Web of science, 015 603M03cHOCHU NEPCNEKMUBHO20 NPUMEHEHUS PASTUYHBIX NOOXO0-
008 UMMYHOMEPANnUY 8 Je4eHu Memacmamuyecko2o wiu Mecmmuopacnpocmpaneniozo PXK.

Pesynvmamer: B cmamve onucanvl cospemennvie Memoobl JeueHus Memacmamuyecko2o un mecmuopacnpocmpanenno2o PXK ¢ ucnonvsosa-
nuem UKT, exniouas PD-1, PD-L1, CTLA-4, npodemoHcmpuposansl Mexanusmvl UMMYHOA02UYECK020 Hao3opa, xapakmepucmuku PD-1, PD-L1,
CTLA-4 uux 3nauenue 6 cynpeccuu T-kremounozo omeema. Ycmanosiena spghexmusnocmo npumenenus UKT, 6 uacmuocmu PD-1, PD-L1, CTLA-4,
KaK 8 nepeotl, max u NocieoyIoWux IUHUAX mepanuu.

3aknouenue: UKT sensaiomes HaxoOKol nocieOHux jem 6 npomugoonyxonesou mepanuu. B pesyiomame uacmou pesucmenmuocmu PXK
Xumuomepanuu, yeiecoodpasno ucnoavzosamo UKT ¢ mepanuu PXK nozonux cmaouil.

Knrwouesvie cnosa: Hvmynomepanusi Memacmamuyecko2o wiu Mecmiopacnpocmparernozo PXK, uneubumopsi konmponvhoix mouex (UKT),
PD-1, PD-L1, CTLA-4, mexanusmvl uMMyHHO20 Omeemd.
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