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PREFACE

This Thesis is the culmination of the postgraduate programme "Clinical Trials: Design and
Conduct", of the Medical School of the National and Kapodistrian University of Athens. Under
the guidance of Professor Flora Zagouri, a very interesting and exciting journey in the scientific

field of design and execution of clinical studies in medical science has been completed.

This Master Thesis presents some of the recent literature data on gastric cancer, its incidence
in the general population, the currently available treatment options and the possible targets for
the future - innovative therapeutic interventions. I would like to thank all the scientific staff and

the lecturers of the postgraduate programme for their unreserved help throughout my studies.

Above all,  would like to thank my family for their support and patience throughout my studies,

cause without their help I would not have been able to complete this postgraduate programme.

This Thesis is devoted to my beloved Dad, who did not make it to be here today, as he was
defeated by this horrible disease, despite all possible treatments that he went through for 2
consecutive years. He fought so hard and so strong for 2 years, as a Real Hero, who is always
next to us and he would be so proud for all the efforts I put to finish this Master degree, but
unfortunately no current treatment or medical knowledge could help him and save him. I feel
very disappointed that despite we live in the 21% century, science cannot defeat cancer and I
really hope that the future innovative therapeutic interventions will arise with the personalized

treatments to conquer the main therapeutic option.
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IHepidnyn

Tig Tedevtaieg dekaETIEG 1) EXMTMOOT TOV YOOTPIKOV KapKivoy mapovotdlel otabepn peimon,
10iog og mAnbuopovg ommg ot HITA, o Kavaddg kot apketéc evpomaikés ydpeg, AOy® g
ocvveyllopevng mpoondbelag yu v eEddenym tov Helicobacter pylori, to omoio amotelel
ONUAVTIKO GVOTATIKO TNG TafoPLGIoA0YiaG TOV YaoTpikoy Kapkivov. T'a v emitevén g
e€dAetyng TOL KIWVOLVOL EUEAVIONG YOOTPIKOL kapkivov €£xovv vioBenBel 1000 péTpal
TPOTOYEVOLG OGO KOl OEVTEPOYEVOVG TPOANYMG, cvumephapPavouévev g Pertioong g
STNPNONG TOV TPOPIU®V, TNG TPOCMOMTIKNG VYIEWVNE KOl TOV SOTPOPIKAOV GLVNOELDV Kol TNG
gykopng aviyvevong HEc® evOOoKOTIK®OV HeBOdwV avtictoya. Qot1dc0, améyel TOAD amd T0
Vo KOTooTEL £VOG OTAVIOG TOTTOG KOPKIvov, e HEYAAT dtakOUAVeT OGOV Apopd Tr GUYVOTITA
EUQAVIONG TAYKOOUIMG Kol WHE TO TOCOOTA GE OPKETEG YOPeEG Vo eEokoAovBovv va

Toapovctdlovy avéntikn téon.

2KomOG TNG TOPOVGOS SLOTPPNG EIVOL VO GLYKEVTPMGEL EMLOTLULLOAOYIKA OEOOUEVA OO SLAPOPES
UEAETEG Y1OL TOV KOPKIVO TOL GTOUMYOL Kot va. €EETACEL TO facikd onueia Tov dobéciuwv
onpepa Bepameidv KoM Ko TIG LEALOVTIKEG TPOOTTIKES TOV Bal pmopovcay va e&acpaiicovy

YOUNAOTEPT BVNGIUOTNTO KOl KAADTEPO TOCOGTA EMPIOONG Yo 0L TH TNV TOAD cofapn voco.

Ot avaBewpnuéveg KatevBuvtipleg 0dnyieg KMVIKNG TPOKTIKNG Yo T Oepaneio Tov kapkivov
TOV oTopdyov, Tov dnuoctevdnkay ard to EOvikd OrokAnpopévo Aiktvo yuo tov Kapkivo
(NCCN) 7o 2022, divovv 1dwaitepn mpocoyn o1 SIETIGTIUOVIKY AVIILETDOTION TS VOCOL LE
TN GLVEPYOOTID EMOTNUOVOV OTO SOPOPETIKOVS KAAOOVS, TPoKeEWEVOL va emitevydel To
KOADTEPO OLVATO OMOTEAEGUO Yo TOV 0cBevi). Me N cvveyn avamtuén TG ETCTNUOVIKNG
épevvag otov topéa avtd, to teEAevtaio ypoévia ol otoyevuéveg (targeted) Oepamevtikég
TopEUPACEIS ExoVV dMOEL VEEG EATIOES OTNV TPOOTAOELN AVIIUETOTIONG TOV TPOYDPTNUEVOD

YOGTPIKOV KOpPKivov.

AéEerc — khedud: Kapkivog tov otoudyov, Emonpioroyia, @spancio



Abstract

During the recent decades gastric cancer’s incidence has demonstrated a steady decline,
especially in populations like the US, Canada and several European countries, on account of
the ongoing effort for eradication of Helicobacter pylori which is an important component of
the pathophysiology of gastric cancer. Both primary and secondary prevention measures have
been adopted towards the achievement of gastric cancer risk elimination, including improved
food preservation, personal hygiene and dietary habits and early detection via endoscopic
methods respectively. However, it is far from becoming a rare type of cancer, with a high
variation in terms of incidence worldwide and with the rates in several countries still

experiencing an increasing trend.

The aim of the present thesis is to gather epidemiological data from various studies covering
all geographically distinct components of the global rates for gastric cancer and to address the
key points of the currently available therapies as well as the future perspectives that could assure

a lower mortality and better survival rates for this deathly malignancy.

The revised clinical practice guidelines for the treatment of gastric cancer, published by the
National Comprehensive Cancer Network (NCCN) in 2022 pay particular attention to the
multidisciplinary treatment of the disease with the cooperation of scientists from different
disciplines in order to achieve the best possible outcome for the patient. With the continuous
development of scientific research in this field, in recent years targeted therapeutic interventions

have given new hope in the effort to treat advanced gastric cancer.

Key — words: Gastric, Cancer, Epidemiology, Therapies



Introduction

During the recent decades gastric cancer’s incidence has demonstrated a steady decline,
especially in populations like the US, Canada and several European countries, on account of
the ongoing effort for eradication of Helicobacter pylori which is an important component of
the pathophysiology of gastric cancer. Both primary and secondary prevention measures have
been adopted towards the achievement of gastric cancer risk elimination, including improved
food preservation, personal hygiene and dietary habits and early detection via endoscopic
methods respectively. However, it is far from becoming a rare type of cancer, with a high
variation in terms of incidence worldwide and with the rates in several countries still

experiencing an increasing trend.

The aim of this thesis is to gather epidemiological data from various studies covering all
geographically distinct components of the global rates for gastric cancer and to address the key
points of the currently available therapies as well as the future perspectives that could assure a

lower mortality and better survival rates for this deathly malignancy.

In the first section, epidemiological studies are cited and data concerning the incidence and
mortality of gastric malignancy throughout the globe are analyzed. What needs to be noted here
is the substantial variability in terms of incidence in different continents and countries as well
as the confirmed decline in the global trends of incidence and mortality. Nevertheless, the case
fatality rate for gastric cancer approaches 75% worldwide, rendering it one of the most

important contributors to the global disability- adjusted life-year burden.

In the second segment, current application of treatment strategies is discussed, with the
available and emerging targets aiming at maintaining the 5-year survival rates as high as
possible especially for early-stage cancer (IA, IB). When taking into consideration the stage of
disease and the detection of several biomarkers, treatment options include surgical intervention,
cytotoxic therapies (neoadjuvant or adjuvant chemotherapy) and targeted therapies like

Tyrosine Kinase Inhibitors, Cell Structure Remodeling therapies and Immunotherapy.

In the third and final section of this study, novel therapeutic strategies and future perspectives
are addressed, with a special interest in tumor microenvironment (cancer associated fibroblasts,
immune modulation, angiogenesis) and biomarkers like micro-RNAs and autophagy mediators.
Gut microbiome targeted-therapies are also in the spotlight since patients with gastric cancer

bare provably different populations of gut microbiota, especially when it comes to bacterial



pathogen growth in the stomach, emphasizing on the potential benefit of the use of probiotics.
Most advances in the field of innovative therapies are based on the understanding of the

molecular pathways and the molecular classification for gastric cancer that has recently arisen.



A. Chapter 1. Gastric cancer

A.1 Stomach physiology

The stomach is a major component of the upper digestive track, located between the esophagus
and the small intestine and responsible for the digestion of food via secretion of several enzymes
and fundamentally gastric (hydrochloric-HCI) acid. There are 5 distinguishable topographic
regions in the stomach: the cardia, the gastroesophageal junction, the fundus and the corpus
which contain acid-secreting glands (HCl-secreting parietal cells) and the antrum and the
pylorus which contains gastrin-secreting G-cells and is lined with an epithelium that secretes
alkali. The mucous membrane that lines the stomach is composed of columnar epithelium that
encapsulates the glands and the different types of cells. Several regulatory hormones are
secreted by the gastric glands, like gastrin which promotes gastric acid secretion via stimulation
of histamine release by the enterochromaffin-like cells which in turn induces the production of
HCI by the parietal cells. (Another hormone secreted by the D cells of the stomach that acts

antagonistically to gastrin is somatostatin.) [1]
Gastritis- Cancerization

Hypergastrinemia is a condition that may arise as a response to gastric hypochlorhydria
resulting from chronic atrophic gastritis that is provoked by Helicobacter pylori (H. pylori) and
is linked to the formation of gastric tumors. Chronic mucosal inflammation provoked by H.
pylori leads to a gradual loss of gastric glands- mucosal desertification- and finally atrophy
which is subsequently accompanied by intestinal metaplasia (replacement of the natural glands
by inappropriate ones, prone to further derangement of their structure and molecular instability)
which eventually evolves into intestinal-type gastric adenocarcinoma. [2] The process of
cancerous formation is a prolonged one, with distinct, consecutive stages known as the Correa
cascade: chronic inflammatory changes resulting from active gastritis lead to chronic atrophic
gastritis, followed by intestinal metaplasia and then dysplasia (intraepithelial neoplasia) and
eventually carcinoma. The process is also multifocal, beginning from the incisura angularis and
then spreading to the entire stomach walls. [3] In the majority of cases gastric cancer presents

as adenocarcinoma (95%), with the second most frequent type being primary gastric lymphoma.

A.2 Classification
In terms of topography, gastric cancer is classified as being either cardia (near the

gastroesophageal junction) or non-cardia/distal cancer. The two types bare epidemiologically
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distinct patterns, with tumors situated in the cardia increasing in frequency in developed
countries and displaying a more aggressive behavior. Depending on the degree of invasion, we
can distinguish between early and advanced tumors with the first being limited to the mucosa
and submucosa and having better survival rates than the second ones. [3] From a histological
point of view, the Lauren classification is widely used to classify gastric malignancy into 2
categories, the intestinal and the diffuse type, with the first one displaying intercellular
junctions, glandular formation and cellular cohesion, while the second one shows no
intercellular junctions and poor cohesion between cells. There is also a third type, the
indeterminate one, to include uncommon histology.[4] The most commonly encountered is the
intestinal type, occurring more frequently among men of older age, while the diffuse type
concerns mostly women of younger ages and is related with a worse prognosis. [5] Another
important classification system is that of WHO which entails all subtypes of gastric cancer even
the infrequent ones, with corresponding categories to these of the Lauren classification, like
tubular (the most frequent type), mucinous and papillary adenocarcinoma which are subtypes
of the intestinal type, signet-ring cell and other carcinomas with poor cell cohesion which fall
into the category of diffuse and finally mixed and adeno-squamous or squamous cell
carcinomas which are basically analogous to the indeterminate category. [6] Furthermore, based
on the age at the diagnosis, gastric cancer is categorized as early-onset or conventional when
the patient is less or more than 45 years old at the diagnosis respectively. Early-onset cancer is
probably more influenced by genetic factors than environmental carcinogens, with around 10%
of these cases having a positive family history. [7] A special subtype of gastric malignancy is
gastric stump cancer that is localized at the remainder of the stomach after partial gastrectomy

most often in the setting of gastritis and ulcer that is brought about by H. pylori. [8]
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Gastric Cancer Subtypes
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Figure 1: Gastric cancer subtypes

Source: Machlowska et al., (2020)

A.3 Etiology/Risk Factors

Major risk factors that constitute a crucial part of the development of gastric carcinoma are:
genetics/ family history, dietary habits, alcohol consumption, smoking and Helicobacter pylori
and EBV infection. Genetic factors contribute a mere 1-3% in the total of all cases of gastric
malignancy, since the majority are sporadic and about 10% are hereditary. The best described
type of familial gastric cancer is Hereditary Diffuse Gastric Cancer (HDGC) which is induced
by loss of one copy of cadherin-1 gene (CDH-1) and has an autosomal dominant inheritance
pattern. Other syndromes that are linked to gastric cancer include Lynch syndrome, Familial
Adenomatous Polyposis (FAP) syndrome and Gastric carcinoma and proximal polyposis of the
stomach. [9] The impact of dietary habits on gastric cancer has been thoroughly researched by
the World Cancer Research Fund/ American Institute for cancer Research concluding that fruits
and vegetables act in a protective manner to prevent gastric cancer formation while red —
processed meat, salt- preserved and smoked foods promote cancer development. Nitrates and
nitrites, like NMDA, used as food additives in meat, act as potential carcinogens, A high intake
of salt brings about disruptions of the gastric mucosal barrier, causing inflammation and
therefore increasing the risk for malignancy by 68% compared to low salt intake. [10]

Furthermore, heavy alcohol intake has been found to confer an augmentation in the risk for both
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types of gastric malignancy, cardia and non-cardia. [11] Another risk factor that predisposes to
the formation of carcinomatous lesions in the stomach, especially in males and non-Asians is
obesity, because of inflammation inducement. The causal relationship between gastric cancer
and smoking has been elucidated recently as a meta-analysis has demonstrated a 1,53-fold

increase in the risk of carcinogenesis in the stomach. [12]

Helicobacter pylori is a gram negative bacterium that has been recognized and identified as a
class I carcinogen as far as gastric cancer in concerned by the WHO as early as 1994. In the
majority of H. Pylori positive cases, individuals get infected during childhood and the infection
remains throughout life. The long-term effect of H. pylori infection is consistent with the
structural and functional changes of chronic gastritis navigating from an inflammatory stage to
its atrophic counterpart, inducing epithelial-to-mesenchymal transition and preneoplastic
changes, thus leading to the development of gastric cancer. Notably, the bacterium accounts for
90% of all cases of non-cardia gastric malignancy with the rates of gastric cancer being in direct
correlation with the bacterial infection’s prevalence. [13] Apart from the inflammatory reaction,
H. Pylori also yields a direct epigenetic effect on epithelial cells of the stomach, with vacA and
cagA positive strains bringing about a higher risk for malignancy. [14] Although H. pylori is
inextricably linked to gastric cancer, it appears to have a protective role against gastro-
esophageal reflux disease and esophageal/ cardia adenocarcinoma. Subsequently, H. pylori
eradication may have successfully decreased the frequency of non-cardia cancer but it has led
to a simultaneous augmentation in the incidence of its counterpart, cardia cancer. On the other
hand malignancies of the gastric cardia share the same risk factors as esophageal ones like
obesity and gastroesophageal reflux disease complicated by Barrett esophagus. [15] H. pylori
detection is achieved via upper gastrointestinal tract endoscopy with biopsy sampling (a
minimum of 2 biopsies from the antrum at the level of the large curvature, 1 from the small
curvature and 2 from the fundus) for histopathological characterization, cultures/ PCR and
rapid-urease test, all of which can help us grade the level of inflammation, metaplasia or

dysplasia of the gastric mucosa and thus stratify the risk of malignancy.
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Figure 2: The Sydney Classification for gastric lesions

0 for normal, 1 for mild, 2 for moderate, 3 for marked modifications relating infiltration by
inflammatory cells like neutrophils or mononuclear cells, severity of the atrophy of the corpus
and significance of intestinal metaplasia.

Another infectious factor that has been associated with gastric cancer is Epstein- Barr virus
(EBV), with 5-10% of all cases being associated with EBV genome, especially the ones situated
in the gastric cardia or occurring post-surgically, although the exact role of the virus has not yet
been elucidated. [16] Non Steroidal Anti-inflammatory Drugs (NSAIDs) along with aspirin
seem to lower the risk for gastric cancer (non-cardia type) by up to 22% according to a recent
study and statins (anti-hyperlipidemic drugs) also seem to act as chemoprotective drugs for
gastric cancer. [17]

With regard to sex as a predisposing factor for gastric malignancy, female estrogens seem to
exert a protective effect on women since men are 2 times more frequently affected by this type
of cancer than women. [18] Socioeconomic status also plays a role probably because of H.
pylori being more frequently encountered and fresh food being less accessible, with lower
socioeconomic groups baring a higher risk for gastric cancer.
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A.4 Epidemiology

On general terms, cancer is a developmental process forged under the influence of both genetic
and environmental factors that exert their damaging effect in the course of several decades
before progressing to the tumor formation. Gastric malignancy is deemed a multifactorial entity
with a global burden, being the fifth most frequently diagnosed cancer worldwide and the third
leading cause of death that is caused by cancer. [19] The number one new cases of gastric that
were reported in 2018 exceeded a million according to the GLOBOCAN which made an
estimation of approximately 800.000 deaths on a global scale, rendering this type of malignancy
the cause of 8,2% of all deaths from cancer in 2018. The average incidence rate for gastric
cancer is 3 times higher among developed nations compared to low-middle Human
Development Index nations. [18] Until 1980 gastric malignancy was ranked first in terms of
cancer- related mortality globally, only to be surpassed by lung cancer, partially because of a
decrease in the incidence and mortality of the former. Indeed a steady decline of incidence rates
has been observed during the recent years in gastric cancer especially in areas with historically
high rates of this specific type of cancer like Japan and Korea, thus putting gastric cancer in the
sixth place of the most common malignancies in the global ranking in 2020 according to the

more recent GLOBOCAN estimates. [18]
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Figure 3: Estimated age-standardized incidence rates (World) in 2020

World, males, all ages From GLOBOCAN 2020; Graph production: IARC
(http://gco.iarc.fr/today) World Health Organization.
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Gender wise, the cumulative risk for gastric cancer development until the age of 74 has been
calculated up to 1,87% in male individuals and 0,79% in female individuals. It is evident that
gastric cancer rates are higher in males, being 2,2 times and 1,83 times more frequent in males
than females in developed and developing countries respectively. [12] Based on the differences
that are observed because of sex, gastric cancer ranks as the fourth most commonly observed
type of cancer in men and the seventh most commonly observed type of cancer in women. The

lifetime risk for gastric malignancy ranges from 1 in 54 men to 1 in 126 women. [18]
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Figure 4: Age-standardized incidence estimates per 100.000 for stomach cancer in 2018, for
all ages and both sexes
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Gastric cancer mainly affects older individuals, with a mean age at the diagnosis ranging from
55 to 80 years old. It is rarely encountered among adults younger than 45 years old in which
case genetic factors play a more important role than environmental ones. [20] Regarding
topography, the epidemiology differs in that cardia gastric cancer occurs more frequently in
countries of central Asia, while non-cardia gastric cancer is found more often in countries of
Eastern and South-eastern Asia. Despite the downward trend in the rates of non-cardia cancer
on grounds of H. pylori eradication, it is still the most commonly diagnosed type of gastric
cancer, with 8,8 per 100.000 persons versus 3,3 per 100.000 persons for cardia cancer in 2012.

In fact the ratio of non-cardia to cardia gastric cancer is 40 to 1 in the region of sub-Saharan
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Africa for men. On the other hand in Northern America and Oceania it the same ratio is 1 to 1
for men and almost 2 to 1 for women. One of the countries where cardia and non-cardia cancer
incidence appear in a reverse mode is the UK, where cardia gastric cancer is observed 1,5 times

more frequently than non-cardia cancer in men and in similar rates in women. [21]

The epidemiology of gastric cancer seems to follow that of H. Pylori and consequently all
changes in the epidemiological patterns of the bacterium are depicted in the global trend of
gastric cancer diagnosis. During the 19'" century the prevalence of H. Pylori increased because
of crowded living conditions and poor hygiene and afterwards it diminished during the 20"
century on grounds of an amelioration of the aforementioned factors. [22] According to a
review and meta-analysis by Hooi et al of studies exploring the prevalence of H. Pylori between
1970 and 2016, it was deduced that more than half of the population was infected with the
bacterium globally. The regions with the highest prevalence were Africa, followed by Latin
America and Asia and the lowest prevalence was observed in Oceania and Northern America,
but after the advent of the 21% century a decline in the rates of H. Pylori was observed in the
industrialized world, as in Northern America and Europe. [23] The continuing efforts for H.
pylori eradication in developed countries via prevention and treatment has led to a significant
fall in the prevalence of gastritis, ergo it has diminished the evolution to carcinomatous lesions
in the long-term. Hence, prevalence of H. Pylori during 2015 was calculated up to 79,1% in
Africa, 63,4% in Latin America and the Caribbean, 54,7% in Asia and at the lowest end of the
spectrum there is Northern America with 37,1% and Oceania with 24,4%. Variations can be
observed between different countries, but also on a racial level regardless of the country. For
instance, the frequency of H. Pylori infection in the USA in non-whites ranges from 34,5% to
61,6%, while in non-Hispanic whites it is much lower, around 18,4-26,2%. [24] The reported
fall in gastric cancer rates in countries like Japan is indicative of the attempts to prevent and
treat H. Pylori infection, since the predicted prevalence in a meta-regression analysis fell from
34,9% in 1970 to 6,6% in 2000. [25] More recent data from 2017 showcase low rates of H.
Pylori in school children, up to a mere 3,1%. [26] Prevalence patterns in many countries depend
on the migratory flows, since it has been demonstrated that migrants most usually preserve
prevalence rates that are reflective of their country of origin and are more often than not higher

than these of their country of destination. [27]

In spite of the acclaimed implication of H. Pylori infection in the pathogenesis of gastric
malignancy, the epidemiological patterns of the two entities do not entirely coincide. The reason

for that is the predominance of different strains of the bacterium in the various countries where
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it thrives, with some strains being more virulent and carcinogenic than others. To be more
specific, East Asia and the Colombian Andes are the countries with the highest percentages of
cagA (cytotoxin associated gene) positivity, which encodes an oncogenic protein that is linked
to an elevated risk for non-cardia cancer. Another virulence factor that causes epigenetic
changes on gastric cells and leads to premalignant lesions is vacA. On the other hand, African
H. Pylori strains are mostly cagA-negative leading to a non-atrophic gastritis pattern that does
not promote gastric cancer formation. [28] [29] It is currently understood that genetic alterations
throughout the years have led to the circulation of different prototypes of the bacterium
including hpEurope, hpAfrical, hpAfrica2 and hpSahul (in Oceania). European strains have

been incriminated for the formation of premalignant lesions to a higher extent than other strains.

[3]

With reference to the geographical variation of gastric malignancy’s incidence, the peak rates
have been noted in countries of Eastern Asia (32,1/13,2 per 100.000 men/women respectively),
followed by central and Eastern Europe (17,1/7,5 per 100.000 men/women respectively), South
America (12,7/6,9 per 100.000 men/women), while the lowest rates are noted in Northern
America (5,6/2,8 per 100.000 men/women) and Africa (5/3-4 per 100.000 men/women).
Overall more than 60% of all gastric malignancies were detected in Eastern and South-Eastern
Asia in 2018. [30] The highest and lowest cumulative risks of gastric cancer were spotted in

Eastern Asia (2,64%) and in Southern Africa (0,42%) respectively. [31]
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Figure 5: Age- standardized incidence rates per 100.000 for gastric malignancy in 2018
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Source: GLOBOCAN 2018 (http://gco.iarc.fr/today) World Health Organization
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Figure 6: Estimated age-standardized incidence rates for gastric cancer in 2018, for both males
and females, globally

Source: GLOBOCAN 2018 (http://gco.iarc.fr/today)

More specifically, in the US gastric cancer incidence rates have drastically changed in the past
decades presenting a notable decline from 11,7 per 100.000 in 1975 to 6,6 per 100.000 in 2017.
According to the United States Cancer Statistics (USCS) registry, during the period 2001-2015
there was an important decrease of the incidence rates for gastric malignancy, by 0,94% per
year. [32] Despite the decline in the incidence of non-cardia cancer in the US, the incidence of
cardia cancer among people who are younger than 50 years old seems to augment. The
estimated lifetime risk for gastric cancer in the US is around 1 in 95 men and 1 in 154 women
and the mean age at diagnosis is 69 years. What is more, variability between different ethnic
groups is observed in terms of gastric cancer incidence, with Hispanics, non-Hispanic Blacks
and Asian and Pacific Islanders bearing twice as high rates compared to non-Hispanic Whites
and the greatest decline in the incidence rates being observed among Asian and Pacific
Islanders. From a geographical perspective Alaska had the greatest incidence rates for gastric

malignancy until 2012, while New York took over from 2016-2017. However the number of
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states yielding an incidence rate above 8,4 per 100.000 declined from seven in 2001-2002 to
only one (New York) by 2016-2017. [33]
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Figure 7: Heat maps showing age-adjusted incidence rates of gastric cancer in the different
states of the US, 2012- 2017.

Source: www.cdc.gov/cancer/uscs/public-use

Owing to a large population base, China holds the first place in the amount of patients suffering
from gastric malignancy globally being fourth in the global ranking of countries with the highest
incidence of gastric cancer (20,6 per 100.000). The decreasing trend during the recent decades
has been established in China as much as in other countries, since the age-standardized
incidence rate of gastric cancer has dropped from 50,77 per 100.000 to 37,42 per 100.000 from
1990 to 2019. [34] Certain Asian countries however seem to elude this downward trend for
gastric cancer, especially high-incidence ones like Korea where gastric cancer rates
demonstrate a stable pattern over the years, reaching 60 per 100.000 new cases annually

regarding male individuals.

The decreasing pattern has been observed in 29 countries globally between 1980 and 2018,
with the incidence for gastric malignancy falling from a range of 2,6 to 59,1 per 100.000 to a
range of 2,5 to 56,8 per 100.000. Despite the generally acknowledged decreasing trend of
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gastric cancer affecting people aged above 40 years, an increasing trend has been observed
among younger individuals, less than 40 years old, in countries like Sweden and Ecuador. [31]
In the US the incidence of non-cardia gastric malignancy increased by 1,3% per year among
non-Hispanic Whites aged between 25 and 39 years old, especially regarding localized-stage
gastric cancer which augmented even further, by 5,28% per year, probably on grounds of
overdiagnosis. When it came to Hispanics an analogous increase was noted among these aged
less than 50 years, yet it concerned distant-staged gastric cancer, indicating the fact that
incidence changes affect Hispanic ethnicity more profoundly. [35] Incidence increases for
gastric cancer have also been reported in individuals aged less than 50 from countries like the
UK, Chile and Belarus and this can be attributed to modern lifestyle that promotes unhealthy
diet and obesity leading to a dysbiotic pattern of the gastric microbiome. Although a threshold
for rare cancer denomination could be achieved in some countries in the future, others
(especially high-incidence countries) show a stability in their rates partially because of
nationwide screening programmes (Japan, Korea) and partially because of a high absolute

burden of the disease and constant population expansion and ageing. [36]
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A.5 Prognosis and Mortality- Survival rates

The past 2 decades have constituted a turning point in the epidemiology and mortality of gastric
malignancy, altering its dynamics as the leading cause of deaths deriving from cancer globally,
and putting it to the third place of the most fatal cancers worldwide in 2018, accounting for
783.000 deaths annually (8,3% of all cancer deaths). [12] The cumulative risk for death
attributed to gastric cancer for ages 0 to 74 has been estimated at 1,36% for males and 0,57%
for females. Countries with high HDI exhibit the highest cumulative risks for gastric cancer
(1,61%) compared to low HDI countries that bare the lowest respective cumulative risks
(0,49%). Central and Eastern Asia exhibit high mortality rates (15,9 per 100.000), followed by
Central and Eastern Europe and Latin America, while the lowest mortality is observed in
Northern America (1,8 per 100.000), following mostly the pattern of incidence. Asians’ 5-year
survival rate surpasses that of Caucasians by 12%. More specifically, gastric cancer is the top-
ranking cause of death that is attributed to cancer in 10 countries for males, most of them
belonging to the Central and Eastern Asian area, like Iran and Kyrgystan. [18] Survival rates
vary according to the stage of the disease at the point of diagnosis, with 5-year survival rates
for stage IA being as high as 94%, while stage IIIC reaches 5 years in terms of survival at a
mere 18%. A major improvement has been observed concerning the 5-year survival rates
especially in localized or regional cancer, thus reflecting the progress in prevention and early
diagnosis with endoscopy. In this regard, median relative survival in the US has increased from
10 to 16 months from 2000 to 2014 respectively. Also, 5-year survival rates have improved
from 18,8% to 28% for patients diagnosed with gastric malignancy from 2000 to 2010
respectively. Decreasing mortality rates have been observed in several countries with the
greatest decrease seen in Norway, Estonia, Ecuador and Finland. However, overall survival
rates remain among the lowest for all malignancies and despite the early diagnosis, 35% of all
diagnoses occur still at a late distant-stage where 5-year survival rates are below 5%. [33]
Overall, the mean 5-year survival rate for Europe, US and the UK is 26%, 31% and 19%

respectively.

23



ek

trsepkazus
Privatans

Parjireas

Lernkaerils

tan-Hadgki Iy mphoma e B et I e B —

tshmated age standardized markzldy
vaAlss wwarhly in JOLA, woerhlwids,
males, all agrs

[ e, reervila system

L 1 d S Lh =H 21 28

AR (wecldd per 100000

Ereal
Luris
Pkt |, el B
CEis Lk

Ltk

fer

':l-\.'.gl i

femiales, all apes

Ezmcrzar

Lirsepkagns

rates (erld) in 301R, worldwide,

Fslimaled ape-stanidasdized inoetalily

PukaFimia

I
!
1 L 8 I 1
AER (el per 100 460

Figure 9: Age-standardized mortality rates in 2018 for males and females, all ages, globally
Source: GLOBOCAN 2018 (http://gco.iarc.fr/today)

aralo s ity

sl el pe Do kel

S0

[ ] &3

[ R

A

Ly

LR

1551 I A At

ik FMola +
s F A
ey e Lt

Jot hpieams Himamg]
e

Figure 10: Estimated age-standardized mortality rates for stomach cancer in 2018 for males
and females, all ages, globally

Source: GLOBOCAN 2018 (http://gco.iarc.fr/today)

24



A.6 Prevention

Studies have achieved to demonstrate a significant decrease relating the risk for development
of gastric cancer, by 34% after appropriate eradication therapy for H. Pylori. Thus, screening
for H. Pylori can be justifiable in populations where the documented rates for gastric cancer are
high, but it can be cost-effective even in these areas with malignancy rates as low as 4,2 per
100.000. [37] Also, in the context of primary prevention, a prophylactic oral H. Pylori vaccine
has been designed and applied in a randomized controlled trial in children who have not been
previously exposed to the bacterium with promising results and a high efficacy in preventing
H. Pylori infection. [38] Concerning the role of diet, the International Agency for Research on
Cancer has stated that the reduction of gastric cancer risk is “probable” and “possible” with an

increase in the consumption of fruit and vegetables respectively. [39]
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B. Chapter 2: Current Therapeutic Options

The successful treatment of the various types of gastric neoplasms, and especially the malignant
ones, is a very demanding and complicated process, which has been of particular interest of the
global scientific community during the last few decades. According to the National
Comprehensive Cancer Network (NCCN) Guidelines (Version 2.2022, Gastric Cancer) [40], at
all the stages of the therapeutic approach, multidisciplinary collaboration between a number of
medical (and even non-medical specialities) is essential, at least once a week. Those specialities
include gastroenterologists, pathologists, radiologists, radiation surgical and medical
oncologists. Continuous study and review of the patient’s clinical, imaging and
pathoanatomical picture is an essential component of those regular meetings, with the main
objective being the assessment of the progress of the therapeutic intervention and the possible

modifications that may be needed.

An essential component for the design of an effective therapeutic intervention is the correct
staging of the disease. The system for staging the various forms of gastric carcinomas which is
accepted and used by the American Joint Committee on Cancer (AJCC), is the TNM staging
one (Tumour, Node, Metastasis), which has been found to have great influence both on the
treatment decisions and on the prognosis of the various types of gastric cancer. On the 8'" edition
of the AJCC Cancer Staging Manual, the stages of the gastric carcinoma have been divided in

three sub-categories [41]:

o C(linical staging (cTNM), for newly diagnosed who have not been treated yet,

e Pathologic staging (p TNM),for patients in whom the tumour has already been resected,
but without any prior therapeutic intervention and,

e Post neoadjuvant pathologic staging (ypTNM), for patients who, prior to the surgical
intervention, received either chemotherapy alone, or chemotherapy along with

radiotherapy.

A further differentiation of the 8" edition of the AJCC Cancer Staging Manual is the clear
distinction between the esophagogastric junction’s tumours and the gastric cardia’s tumours,
with those having their epicentre located > 2cm into the proximal stomach categorized and
staged as gastric carcinomas, whereas those located < 2cm into the proximal stomach,
categorized and staged as oesophageal carcinomas [40]. The superiority of the 8™ edition in
comparison to the 7™ edition, was proved by a large longitudinal study published by Ji et al.,
(2018) [41], in 1.663 patients with various types of gastric carcinoma treated with surgical
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excision; the conclusion of the authors was that the 8" edition system was superior to the 71
edition “in terms of discriminatory ability, homogeneity and monotonicity of gradients” in the

specific population of Chinese gastric carcinoma patients in which the study was conducted.

According to all the above, Figure 11 presents the recent NCCN guidelines for gastric cancer
(Version 2.2022), according to the patient’s clinical stage (CTNM staging). It is obvious that in
the process of evaluating the patient, before any decision is made for therapeutic intervention,
is the assessment of his nutritional status, his family history, strong advice for smoking
cessation and detailed evaluation of the medications he / her uses and the possible co-

morbidities.

In Figure 12, the basic principles of the systematic treatment of the various forms of gastric
cancer are presented in detail, according to the recent guidelines of the NCCN for gastric cancer
[40]. Always, the treating physicians should be aware that the regimens for systemic therapy

chosen should combine their efficacy with their toxicity profile and the patients’ comorbidities.
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Figure 11: The recent NCCN guidelines for gastric carcinomas (Version 2.2022), according to
the patient’s clinical stage (cCTNM staging).

Source: Ajani et al., (2022) [40].
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The following sections will present the data of the recent literature regarding the various current
therapeutic methods for the treatment of the different types of gastric carcinoma, with particular
emphasis on the most recently published longitudinal studies along with the systematic
literature reviews and / or meta-analyses. The results of those studies are summarized on Table

1

B.1 Localized disease

Today there is an on-growing evidence that localized non-metastatic gastroesophageal and

gastric adenocarcinomas are best treated with combined modality therapy, including [42]:

1) Preoperative chemotherapy with or without chemoradiation,
2) Surgical excision of the tumour with adequate lymph node dissection and finally,

3) Postoperative chemotherapy combined with chemoradiation,

Ikoma et al., (2018) [43] published the results of a large longitudinal study involving 16,945
patients with localized clinical T2-4bNO-1MO gastric adenocarcinoma who were treated
surgically in the time period 2006 — 2014 (analysis of the United States National Cancer Dat
Base for the years 2006 -2014); the study concluded that:

e A remarkable increase was observed of the use of neoadjuvant (preoperative)
chemotherapy during the study’s period (34% of the patients in 2006 up to 65% of the
patients in 2014).

e Preoperative chemotherapy was used mainly for gastric cardia adenocarcinomas (83%
in 2014), in comparison to non-cardia gastric carcinomas (44% of the cases in 2014).

e A statistical significant racial / ethnic disparity was observed for the use of preoperative

chemotherapy, in favour of the non-Hispanic white race.

B.1.1 Preoperative chemotherapy

Over the last few decades, the understanding of the various forms of gastric cancer has evolved
a lot, and the differences in this have led to significant modifications in the treatment strategy
both for the early and for the locally advanced gastric cancer; preoperative (neoadjuvant)

chemotherapy is one of the basic therapeutic interventions that have been applied and studied
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during the recent years. One of the first published and most well-designed clinical studies
regarding the efficacy of preoperative chemotherapy (neo-adjuvant chemotherapy) for the
treatment of the resectable adenocarcinoma of the stomach, the esophagogastric junction, and
the lower oesophagus was the MAGIC trial [44]; the chemotherapy regimen consisted of three
pre-operative and three post-operative chemotherapy cycles, in which patients were

administered the following chemotherapeutic agents

1) Epirubicin, intravenously (50 mg/m? of body surface area), on the first day
2) Cisplatin, intravenously (60 mg/m?) on the first day and finally,

3) Fluorouracil, continuous intravenous infusion (200 mg/m?/day) for 21 consecutive days.

In total 503 patients were randomized, in either the combination therapy group (preoperative
chemotherapy followed by surgery - treatment group) or the surgery as a monotherapy group
(control group); the medial follow-up period was four years and the patients’ overall survival

rates was the main end point of the trial. The main results of the study showed that:

e Both groups of patients had the same rates of complications,

e The patients who received combination therapy, in comparison to the patients of the
surgery-only therapy, had statistical significant higher rates of overall survival: Death
hazard ratio: 0.75, (95% CI 0.60 — 0.93).

e The 5-years survival rate of the patients of the treatment group was 36% versus 23% of
the control group patients (p = 0.009) and finally,

e The progression-free survival of the patients in the treatment group had hazard ratio

0.66 (95% C10.53 —0.81), p<0.001.

The authors’ final conclusion was that the preoperative chemotherapeutic regimen ECF
(epirubicin, cisplatin, fluorouracil), is definitely beneficial for the patients with resectable
gastric adenocarcinoma, since it improves both the patients’ overall survival and their

progression-free period. Figure 13 presents the main results of the study.
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Figure 13: (A): progression-free survival (B) Overall survival (B)

Source: Cunningham et al., (2006).

After thirteen years Al-Batran et al., (2019) [45] published a phase II / III randomized-
controlled study in order to evaluate the efficacy of the FLOT chemotherapeutic regimen
(fluorouracil plus leucovorin, oxaliplatin and docetaxel) for the preoperative treatment of
patients having locally advanced but operable gastric tumours (cT2 or higher, nodal positive
cN+ or both), having no clear evidence of distal metastases. 716 in total patients were
randomized in two groups: The control group (ECF/ECX group) received three cycles of

preoperative and three cycles of post-operative chemotherapy consisting of:
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1) Epirubicin, intravenously (50 mg/m?), on the first day,
2) Cisplatin, intravenously (60 mg/m? ) on the first day and finally,
3) Fluorouracil, continuous intravenous infusion (200 mg/m? / day) for 21 days or

capecitabine 1250 mg/m? orally for 21 consecutive days,

Whereas the treatment group (FLOT group), received four preoperative and four postoperative

2-week circles of chemotherapy consisting of:

1) Docetaxel, 50 mg/m?,
2) Oxaliplatin, 85 mg/m?,
3) Leucovorin, 200 mg/m? and finally,

4) Fluorouracil, 2600 mg/m? intravenously, on the first treatment day.

The primary study’s outcome measure was the patients’ overall survival (OS). The main results

showed were the following:

e Inthe FLOT group, the patients’ median OS was 50 months, whereas in the ECF/ECX
group was 35 months.
e The serious side effects of both chemotherapeutic regimens along with the number of

toxic deaths were similar in both groups.

The final conclusion of the authors (Al-Batran et al., 2019) [45], was that in locally advanced
but resectable carcinomas of the stomach and of the gastro-oesophageal junction, the
preoperative FLOT regimen has superior efficacy compared with the preoperative ECF/ECX

chemotherapeutic regimen. In Figure 14 the main results of the study are presented.
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Figure 14: (A): Overall survival (B) Disease free survival rates between the FLOT and the
ECF/ECX treatment groups

Source: Al-Batran et al., (2019) [45],

B.1.2 Preoperative (neoadjuvant) chemoradiotherapy

Preoperative chemo-radiotherapy is still regarding as a category 2B (based on lower level
evidence) treatment for patients with various types of gastric carcinoma [42]. Ajani et al.,
(2006) [46], in published the results of a phase II multicentre cohort trial, including 43 patients

with localized gastric adenocarcinoma (stages IB, II and III). The treating regimen was:

1) Two circles of fluorouracil, leucovorin and cisplatin (induction to the therapy),

2) Combination of radiotherapy plus chemotherapy (fluorouracil and paclitaxel) and,
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3) Surgical resection of the tumour, 5 — 6 weeks after the chemo-radiotherapy treatment

was completed.

The trial’s main results showed that the preoperative (neoadjuvant) combination of
chemotherapy and radiotherapy achieved, in patients with localized gastric carcinomas,
complete pathologic response in more than 20% of the participants; moreover, the was a
significant improvement of the quality of the subsequent surgical intervention. According to
the authors (Ajani et al., 2006) [46], the combination, neo-adjuvant chemo-radiation regimen

can be beneficial in this group of patients.

B.1.3 Adjuvant (postoperative) chemotherapy

Data from the recent literature show that for those patients who have already undergone surgery
in order to remove a gastric tumour, for which the histologic examination showed T3 or T4
lesions, or node (+) disease, postoperative (adjuvant) chemotherapy is recommended [42]. One
of the most important clinical studies demonstrating the above was published by Bang et al., in
2012 [47]; it was the CLASSIC, phase III open label randomized-controlled trial, which
evaluated the efficacy of the postoperative chemotherapeutic combination regimen of
capecitabine plus oxaliplatin immediately after a D2 gastrectomy in patients with resectable

gastric adenocarcinomas.

The study took place in 37 centres of China, South Korea and Taiwan, with in total 1.035
participants; the patients in the control group had surgery alone (D2 gastrectomy), whereas the

patients in the intervention group, after the surgical intervention received:

1) Capecitabine, per os, (1.000 mg/m?) two times per day, during the 1°-14" day, for eight
cycles (each cycle lasting for three weeks) and,

2) Oxaliplatin, intravenously, (130 mg/m?), on the first day of every therapeutic cycle.

The main outcome measure of the trial was the patients’ 3 year disease-free survival rates. The

trial’s main findings (mean follow-up 34.3 months) showed that:

e The intervention group had statistical significant improvement of the 3 year disease-free
survival rates, in comparison to the control group: 74% vs 59% , p <0.0001, HR 0.56
(95% CI1 0.44-0.72)
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e Serious complications or side-effects because of the treatment (grade 3 and grade 4)
occurred in the 56% of the patients of the intervention group and in only 6% of the
patients in the control group; the commonest adverse events were nausea, neutropenia

and loss of appetite.

The final conclusion of the authors (Bang et al., 2012) [47] was that this specific adjuvant
chemotherapeutic regimen after a D2 - type gastrectomy in patients with resectable gastric
adenocarcinoma should definitely be considered as a treatment option. Figure 15 presents

the patient’s 3 years disease free survival rates.
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Figure 15: Three - year disease-free survival (Panel A) and OS (Panel B) rates

Source: Bang et al., 2012) [47]
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Just recently, Zhang et al., (2021) [48], published the findings of the RESOLVE trial. This was
an open labelled, phase 3 randomized-controlled study, in which the researchers studied the
efficacy of the combination of preoperative or postoperative oxaliplatin plus S-1, versus
postoperative oxaliplatin plus capecitabine, for the treatment of a population of 1.022 patients
suffering from locally advanced gastric adenocarcinoma and who were treated with D2 - type

gastrectomy. The participants of the study were randomized into three groups.

1) Adjuvant CapOx group (capecitabine plus oxaliplatin),
2) Adjuvant SOX group (oxaliplatin plus S-1) and,
3) Neoadjuvant (preoperative) SOX group.

The main end-point of the study was the patients’ 3-year disease-free survival rates of both the
study groups. The main results of the study showed that 1) the neoadjuvant SOX group had a
clinically meaningful improvement in comparison to the adjuvant CapOx group and 2) the
adjuvant SOX group was not inferior to the adjuvant CapOx group. Figure 16 summarizes the

above mentioned results.
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Figure 16: Three - year disease-free survival of preoperative SOX regimen (Panel A), versus
postoperative CapOx regimen (Panel B)
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Source: Zhang et al., (2021) [48].

B.1.4 Adjuvant (postoperative) chemoradiotherapy

Despite the fact that, as has already been shown, the effectiveness of postoperative (adjuvant)
chemotherapy in localized gastric tumours is no longer questioned, the role of the postoperative
radiotherapy is less certain and still under research. Just recently, Park et al., (2021) [49],
published the results of the ARTIST 2 trial, a randomized-controlled study, involving 546
participants, suffering from stage II or III, node positive, gastric adenocarcinoma, who have got
treatment with D2 surgical excision of their tumour. In this trial, the researchers compared the
effectiveness in the treatment of stomach tumors of this category of three different treatment

protocols:

1) S-1, per os, 40-60 mg, two times per day, four weeks on / two weeks off for one year,

2) S-1,per os, 40-60 mg, two times per day, two weeks on / one week off, plus oxaliplatin
130 mg/m? every three weeks for a total period of six months (the SOX group) and
finally,

3) SOX regimen plus 45Gy radiotherapy (the SOXRT group).

Once again, in this trial, primary end point was the 3-years free-of disease survival of the
patients. After a 47 months median follow-up period, the authors concluded that 1) Both the
SOX and the SOXRT regimen were superior to the S-1 regimen in prolonging statistically
significant the patients’ 3-years disease-free survival rates (64.8%, 74.3% and 72.8%
respectively for the S-1, SOX and SOXRT groups), whereas, 2) There was no statistically
significant difference between the SOX and the SOXRT group. All the adverse effects recorded
were the anticipated ones for each treating regimen, and were well-tolerated by the patients.
The final conclusion of the authors (Park et al., 2021) [49], was that adding adjuvant
radiotherapy to the SOX regimen did not had additional benefit in patients suffering from
operable stage II or stage III, node (+) gastric adenocarcinoma. The above mentioned findings

are shown in figure 17.
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Figure 17: Three - year disease-free survival in the three arms of the ARTIST II clinical trial

Source: Park et al., (2021) [49]

B.1.5 Surgical excision of the gastric tumor

Total gastrectomy and subtotal gastrectomy are the two main surgical options for the treatment
of operable gastric carcinomas. According to Joshi and Badgwell., (2021) [42], the treating
surgeons should be particularly careful and meticulous in those cases in which they decide to
proceed to a type of partial gastrectomy (such as a limited proximal gastrectomy or a wedge-

type, non-anatomic gastrectomy), for various reasons, including the following:

1) A large proportion of gastric adenocarcinomas, which reaches even 75%, especially in
the populations of western countries are poorly differentiated, which necessitates the
performance of wide surgical resection in order to ensure the negative surgical margins
[50],

2) The rates of positive lymph nodes are significant: 10% for Tla tumors, 34% for T1b
tumors and 44% for T2 tumors [51],
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3) Proximal gastrectomy, with dissection of the various branches of the vagal nerve
significantly increases the rates of the particularly troublesome postoperative
complication of chronic gastroesophageal reflux disease and lastly,

4) Most of the authors agree that in order to achieve an adequate D2 lymph node dissection,

an anatomical gastric resection is needed [42].

The steps of an anatomical D2 subtotal gastrectomy, along with the subsequent surgical

reconstruction include [42], Figure 18:

1) Separation of the greater momentum form the traverse mesocolon,

2) Transection of the duodenum, the right gastric and the right gastroepiploic vessels,

3) Dissection of the left gastric vessels and finally

4) Gastric transaction.

5) In those cases in which the tumor is more proximally, the short gastric vessels are

transected as well.

Figure 18: Gastric reconstruction after a subtotal gastrectomy
Source: Joshi and Badgwell., (2021) [42]
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B.1.6 Endoscopic resection of the gastric tumour

During the recent years, endoscopic submucosal resection of the tumour has been considered
as an effective method of treating gastric neoplasms, especially those which are on the early
stages of their development; it is a surgical technique, which, despite the fact that it is quite
demanding in its execution, is able to achieve excellent en bloc excision of the existing
superficial gastric tumours, having very good therapeutic results and of course avoiding the
classic open surgical interventions. This method has begun to be applied is Asian countries with
very good therapeutic results and at the present time is considered as the basic therapeutic

option for the treatment of early stages gastric tumours in these regions of the world [52, 53].

In recent years, endoscopic submucosal resection of gastric tumours has been applied with
increasing frequency in Western countries as well, with the result being the relevant literature
of the efficacy of the method increasing significantly. Just recently, Benitez-Goni et al., (2023)
[54], published the results of a systematic literature review and meta-analysis regarding the
efficacy of the endoscopic submucosal excision for the treatment of superficial gastric tumours
in non-Asian countries. The authors analysed and presented the findings of 27 relevant clinical
studies (2 coming from North America, 11 from South America and 14 from Europe), involving

1.875 in total gastric tumours. The main results of the systematic review were the following:

e The rate of en bloc resection was 96% (95% confidence internal: 94% - 98%), the rate
of RO resection was 85% (95% confidence internal: 81% - 89%), and the rate of
curative resection was 7% (95% confidence internal: 73% - 81%)).

e Taking into account only the tumours which were histologically identified as
adenocarcinomas, the overall curative resection rate was 75% (95% confidence
internal: 70% - 80%).

e There were only a few serious complications from the application of this technique,
with the most commonly reported ones being bleeding (5%) and perforation (2% of all

the cases).

The final conclusion of the authors (Benitez-Goni et al., 2023), [54] were that endoscopic
submucosal tumour dissection can definitely be the first choice therapy for superficial gastric
neoplasms; the increasing frequency of application of the method in the Western countries is
expected in the near future to have similar therapeutic results to those recorded in the Asian

countries.
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B.1.7 Conclusions

Having the main objective to summarize the results of the recent literature, Kumar et al., (2022)
[55] (from the American Radium Society — ARS) published the results of a systematic literature
review in order to provide specific guidelines regarding the treatment of locoregional gastric
adenocarcinoma. After extensively analysing a number a phase 2, 2R and 3 clinical trials

published between 2010 and 2020, the authors reached to the following conclusions:

1) Patients with medically operatable — locally advanced gastric cancer:
- Preoperative chemotherapy is the strongest recommendation.
- Acceptable alternative could be surgical excision plus adjuvant chemotherapy or
chemo-radiotherapy.

2) Patients who have already undergone surgical excision of stage I — III gastric cancer:
Post-operative (adjuvant) chemotherapy or post-operative chemo-radiotherapy.

3) Patients with locally advanced disease who received pre-operative (neo-adjuvant)
chemotherapy, but no regression of the tumour was noted: Post-operative (adjuvant)
chemotherapy or post-operative chemo-radiotherapy.

4) Patients with non-operable gastric tumours due to medical reasons: Concurrent chemo-

radiotherapy.

The final conclusion of the authors, (Kumar et al., 2022, American Radium Society — ARS)
[55] was that pre-operative (neo-adjuvant) or post-operative (adjuvant) chemo-radiotherapy
improves the survival rates of patients with gastric carcinomas in comparison to surgery alone;
either in non-operatable tumours, chemoradiotherapy should be regarded as the best treatment

option.

Table 1: The results of the analysed clinical studies

Author, Type of Participants /" Outcome measures / Main Conclusions
Country Study Intervention Results
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Ikoma et al.,
(2018) [43],
U.S.A.

Cunningham
et al., (2006)
[44], U.S.A.
The MAGIC
trial

Al-Batran et
al., (2019)
[45],
Germany.
The FLOT,
trial

Ajani et al.,
(20006) [46],
U.S.A.

Bang et al.,
(2012), [47],

South Korea.

The
CLASSIC
trial

Zhang et al.,
(2021) [48],
China.

The
RESOLVE
trial

Longitudinal
study (USA
National
Cancer Data
Base), years
2006 — 2014

Randomized
— controlled
study

Phase 2/3
randomized-
controlled
study (RCT)

Phase 2
cohort,
multicentre
trial

Phase 3,
open-
labelled,
RCT

Phase 3,
open-
labelled,
RCT

16.945 patients
with localized
clinical T2-
4bNO-1MO0
gastric
adenocarcinoma

503 patients with
operable gastric
adenocarcinoma
Preoperative
chemotherapy
regimen ECF vs
surgery alone
716 patients with
locally advanced
but operable
gastric tumours.
FLOT regimen
versus
ECF/ECX
regimen

43 patients with
local
adenocarcinoma.
Efficacy of
preoperative
(neoadjuvant)
chemo-radiation :
FLC, followed by
radiation + FP
1.035 patients
with resectable
gastric tumour,
who were treated
with D2
gastrectomy.
Efficacy of
adjuvant
chemotherapy
with capecitabine
plus oxaliplatin +
surgery vs surgery
alone

1.022 patients
with locally
advanced
adenocarcinoma
Efficacy of
adjuvant SOX or

Treatment regimens.
Preoperative chemotherapy
increased from 34% in 2006
to 65% in 2014. More
commonly used for cardia
(83%) than non-cardia
tumors (44%)

Survival rates (overall, and
free of the disease).

ECF group: HR for death:
0.75, p=0.009. 5-year
survival rate: 36% vs 23%.
HR for progression: 0.66,
p<0.001.

Survival rates (overall, and
free of the disease).

OS: 50 months vs 35 months.

HR: 0.77. Similar results for
serious side effects (27% vs
27%), for toxic deaths (2 for
each group) and for
hospitalization for toxicity
(25% vs 26%).

Rates of pathologic complete
response, survival and safety.
pathCR rate: 26%, RO rate:
77%. At 1 year, 82% patients
living with pathCR, vs 69%
with less than pathCR. Grade
4 toxicity in 21% of the
patients.D2 dissection in
50% of the patients.

Three — years survival rates,
free of the disease.

3-years free of disease rate
74% vs 59% (HR 0.56, p<
0.0001).

Grade 3/4 adverse effects
(56% vs 6%)

Three — years survival rates,
free of the disease

51.1% vs 56.5% vs 59.4%.
HR: 0.77(p=0.028) and 0.86

(p=0.17)

Remarkable increase of
the use of preoperative
chemotherapy over the
years, mainly for gastric
cardia adenocarcinomas.
There is a racial
disparity for use of
preoperative
chemotherapy, in favour
of the non-Hispanic with
race

The preoperative ECF
regimen in beneficial,
since it improves both
the progression-free
period and the patients’
overall survival rates

Preoperative FLOT
chemotherapeutic
regimen is superior to
the ECF/ECX one for
the treatment of patients
with locally advanced,
but operable gastric
carcinomas

>20% complete
pathologic response
rate; significant
improvement of the
surgical interventions’
quality

Patients in the adjuvant
chemotherapy group had
statistical significant
improvement of the 3-
years disease-free
survival rates in
comparison to the
control group (74% vs
59%).

The neoadjuvant SOX
group had a clinically
meaningful
improvement compared
to the adjuvant CapOx
group; the adjuvant
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Park et al.,
(2021) [49],
South Korea.
The ARTIST
11 trial

Benites-Goni
et al., (2023)
[54], Peru

Phase 3,
open-
labelled,
RCT

Systematic
literature
review and
meta-
analysis (27
clinical
trials)

CapOx regimen
versus
neoadjuvant SOX
546 patients with
stage 11/ III, node
(+), resectable
adenocarcinoma.
Comparison S-1,
SOX and SOXRT
regimens

1.875 superficial
gastric lesions
treated with
endoscopic
submucosal
gastric dissection

Serious side effect similar in
all groups.

No treatment-related deaths
DEFS at 3 years.

DFS rates: 64.8% vs 74.3%
vs 72.8%.

S-1 vs SOX: HR= 0.692 (p=

0.042),
S-1 vs SOXRT: HR= 0.724
(p=0.074).

SOX vs SOXRT: HR=0.971,
(p=0.879)

Rates of 1) curative, 2) RO
and 3) en block resection,;
complications of the method.
96% en bloc resection, 85%
RO resection, 77% curative
resection;

Bleeding 5%, perforation 2%

SOX group was not
inferior to the adjuvant
CapOx group.

The addition of
postoperative radiation
to the SOX
chemotherapeutic
regimen does not
improve the 3-years
disease-free survival
rates of this group of
gastric cancer patients
The method can
definitely be therapy of
first choice in order to
treat superficial gastric
neoplasms.

B.2 Metastatic or unresectable gastric tumors

The therapeutic management of extensive gastric carcinomas that have already yielded distant

metastases and thus are characterized as unresectable is a major challenge for treating
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physicians. In all cases the main goal of the therapeutic intervention is palliative, in order to

[42]:

1) Control the disease itself, along with its symptoms,
2) To improve, as far as possible, the quality of life of the patients and their ability to carry
out the activities of their daily living with easy and,

3) To extend the patients’ life as possible.

A number of chemotherapeutic agents are available for this palliative treatment, including
platinum, irinotecan, taxanes and fluoropyrimidines; the choice of the chemotherapeutic drug
or the combination of the drugs depends on the overall health status of the patient, in
combination to the co-morbidities from which the patient suffers, along with the toxicity
characteristics of the chemotherapeutic regimen. In the following paragraphs, some of the most

recent relevant systematic literature reviews will be presented in detail (Table 2).

Feng et al., (2020) [56] in a systematic literature review and meta-analysis studied the safety
and efficacy of S-1- based chemotherapy in comparison to capecitabine-based regimen for the
treatment of recurrent or metastatic gastric cancers. They included six clinical trials (561
patients in total) which were published up to June 2019; the outcome measures of the studies
included the objective response rate (ORR), the 1, 2 and 3 years overall survival rate, the 6, 12
and 18 months progression free survival rate (PFSS) and the serious regimens’ adverse effects.

The main findings of the meta-analysis were the following:

1) There was no statistically significant differences between the two different
chemotherapy regimens in ORR, overall survival rate and the PSSR and,
2) The capecitabine-based regimens had statistically significantly significant higher rates

of hand-foot syndrome (p < 0.01) and grade 3 and 4 neutropenia (p<0.05).

The final conclusion of the authors (Feng et al., 2020) [56] was that, although, in terms of
efficacy, both regimens produced the same results, S-1 based chemotherapy regimens produced
less serious adverse effects, and thus should be the first choice for the treatment of patients
suffering from recurrent or metastatic gastric carcinomas, in favour to capecitabine-based

chemotherapeutic regimens.

In another systematic review of the literature, Chen et al., (2013) [57] compared the efficacy of
the DCF (Docetaxel, Cisplatin and Fluorouracil) chemotherapeutic regimen with nan-taxane-

containing regimens in order to treat inoperable, metastatic or recurrent gastric carcinomas.
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They included 12 randomized-controlled clinical trials, with 1.089 patients in total; the primary
outcome measures were the 1- and 2- years overall survival rates, whereas the secondary ones
included the median survival time, the median time to progression of the disease, the response
rate of the treatment and the serious adverse effects / toxicities of the chemotherapeutic
regimens used. The main conclusion of the authors was that the DCF regimen produced better
therapeutic response in comparison to the non-taxane containing regimen (2-year overall
survival rate: RR: 2.03, p = 0.006); in addition, the adverse effects of the DCF regimen (febrile

neutropenia, leukopenia, neutropenia and diarrhea) can be regarded as acceptable.

In one of the most recently published phase III randomized-controlled studies, Rosati et al.,
(2022) [58], compared the efficacy of fractioned docetaxel, oxaliplatin and capecitabine (low
tox) chemotherapeutic regimen, in comparison to epirubicin, oxaliplatin and capecitabine
(EOX) regimen (the LEGA trial). 169 participants with unresectable, metastatic or locally
advanced adenocarcinoma took place in the study, having main outcome measure the
progression free survival, whereas the secondary ones included the overall survival, the disease
control rate, the overall response rate and the patients’ tolerability of both regimens. The results
showed no statistically significant differences between the two regimens in most of the studies’
outcome measures, concluding that the novel, (low-tox) triplet regimen, based on the fractional
dose of docetaxel does not provide superior results in comparison to the EOX chemotherapeutic
regimen. The Kaplan-Meier curve for the main outcome measure of the study (progression-free

disease survival) is presented in Figure 19.
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Figure 19: The Kaplan-Meir curve for the progression-free disease survival

Source: Rosati et al., (2022) [58]

The final decision on the type of therapeutic intervention that should be followed in patients
with inoperable, metastatic, recurrent or locally advanced gastric cancer - whether a
chemotherapy regimen or just palliative / best supportive care treatment should be used,
depends on both the overall health condition and the patient's own will. One of the most reliable
objective measures for the clinical condition of the patients is the ECOG Performance Status
Scale for patients with cancer [59]. In this scale, patients with a score of > 3 are offered only
best supportive / palliative care, whereas if the score is < 2 systemic therapy or chemoradiation
along with palliative therapy should be considered, if they have not received previously [40].
Figure 20 summarizes the recent NCCN guidelines for gastric cancer for the palliative

management of the disease.
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Figure 20: The NCCN guidelines (Version 2.2022) for the palliative management of gastric
cancer.

Source: Ajani et al., (2022)

In conclusion, and taking into account all the above mentioned research data of the recent
literature, the recommended therapeutic approach, especially in patients with good physical
condition and local disease, includes surgical resection of the primary lesions with margins >5
cm, D2 (extended) lymph node dissection without pancreatectomy and with splenectomy only
when the spleen is involved by the disease. Nowadays, in patients with local-peripheral gastric
cancer, international guidelines recommend peri-operative (neo-adjuvant and adjuvant)
chemotherapy; this therapeutic regimen includes chemotherapy before and after surgery. This
approach improves overall survival. The chemotherapy regimens used are generally well
tolerated, with the majority of patients managing to complete both pre- and post-operative

chemotherapy without major complications and side-effects.

The international medical community is trying to further improve the results which have been
already achieved by further categorizing patients. In the last few years the aim has been to
identify sub-groups of patients with particular pathological characteristics where more specific
treatment can achieve even better results. In this context, the addition of targeted therapy to
chemo-radiotherapy is being explored.
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The place of immunotherapy as part of perioperative treatment is also being explored and there
is a hope to have a clear answer in the coming years. Small studies that have been done for
metastatic disease have shown encouraging results. However, the question remains as to which
immuno-histochemical marker should be used to find the group of patients who will benefit
from immunotherapy. In all cases, due to the complexity of the disease, all the cases should be
discussed in the Oncology Board with the participation of all relevant specialties such as
Gastroenterologist, Radiologist, Surgeon, Radiotherapist and Oncologist, pre-operatively, in
order to cover all possible possibilities, and to individualize and determine the most appropriate

treatment algorithm for each patient.

The following sections of this thesis will present in detail the recent research data, both at the
theoretical level and at the level of clinical practice, in relation to the effectiveness and prospects
of the various innovative therapies (including immunotherapy) that have gradually started to
move from the experimental stage to clinical practice for the treatment of the various forms of

gastric cancer.
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Table 2: Metastatic or non-resectable gastric tumours

Author, Type of Study Participants / Outcome measures / Results  Main Conclusions
Country Intervention
Feng et al., Systematic 561 patients with ~ Objective response rate, PFSR, S-1 based regimens
(2020), [56], literature recurrent or OSR and adverse effects produced lesser
China review / meta- metastatic gastric ~ No statistical significant serious adverse effects.
analysis (6 carcinomas. difference in ORR (6, 12, 18 They should be
clinical trials, =~ Comparison of S- months, 1 and 2 years). preferred over
phase II) 1 based therapy to Capecitabine regimens higher  capecitabine-based
capecitabine- incidences of hand-foot regimens
based therapy syndrome (p < 0.01) and
grades 3-4 neutropenia (p =
0.03).
Chen et al., Systematic 1.089 patients 1- and 2- years OSR, survival ~ The DCF regimen
(2013), [57], literature with recurrent or  time, time to progression of produced better
China review / meta- metastatic gastric  the disease, response rate of therapeutic response in
analysis (12 carcinomas. the treatment and the serious comparison to the non-
RCTs) Comparison of adverse effects / toxicities taxane containing
the DCF Partial response rate: 38.8% vs  regimen (2-year
chemotherapeutic ~ 27.9%, p = 0.0003. overall survival rate:
regimen to non- Progressive disease rate: RR: 2.03, p=0.0006);
taxane-containing  18.9% vs 33.3%, p = 0.0005. in addition, the
regimens Comparable chemotherapy adverse effects of the
related mortality: RR=1.23, DCEF regimen (febrile
p=0.49 neutropenia,
leukopenia,
neutropenia and
diarrhea) can be
regarded as acceptable
Rosati etal., Phase 3 169 patients with ~ PFS, OSR, overall response No statistically
(2022) [58], randomized- unresectable, rate, disease control rate and significant difference
Italy. The controlled metastatic or tolerability of the treatment. between the two
lega trial study - locally advanced ~ PFS: 6.3 months in arm 1 vs chemotherapeutic
gastric 6.3 months in arm 2. regimens
carcinomas. 0OS: 12.4 months in arm 1 vs

Comparison of a
novel low-tox
regimen (based on
the fractional dose
of docetaxel —
arm 1) versus the
EOX regimen
(arm 2)

11.5 months in arm 2.

ORR: 33% in arm 1 vs 24%.
in arm 2.

DCR: 68% in arm 1 vs 67%.
in arm 2.

Treatment modifications and

grade > 3CTC higher in arm 2

(78% vs 91%, p=0.017 and 35

vs 42).
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C. Chapter 3: Novel therapeutic options

During the recent years, a number of novel - innovative therapies have been studied and have
begun to be applied in the treatment of gastric neoplasms; these are therapeutic interventions
which are primarily based on the latest developments in immunotherapy and anti-angiogenic
therapy. In addition, important scientific advances have also been made in the study of new

biomarkers that will be useful both for diagnosis and for studying the progression of the disease.

C.1 Immunotherapy for the treatment of gastric cancer

Unlike chemotherapy, immunotherapy is a novel treatment that targets the patients own
immune system, stimulating and releasing T-cells, the body’s special cells which attack and
destroy cancerous tumours. This is a process which causes the internal mechanism which exists
in every human being to be mobilized for his/her own benefit [60]. The main drugs used for
this novel therapeutic intervention are the “immune checkpoint inhibitors” anti PD-1, anti PDL-
1 and anti CTLA-4, which, all of them, act on the patient’s T-lymphocytes bound by specific
bonds. Those inhibitors release specialized “killer-cells”, which are driven into the tumour’s

microenvironment having their main purpose the destruction of the cancerous cells.

Those drugs belong to the class of monoclonal antibodies and have been used in the clinical
practice for the treatment of various neoplastic diseases since 2011; today, they are used either
in combination with each other, or in combination with other drugs, such as the “targeted
therapy drugs”. Targeted therapy is a novel approach in drug and vaccine development, which
results in an new clinical practice based on specific genetic information. This novel approach,
with the close contribution of molecular biology today is described by the term of “personalized

therapeutic intervention” or “personalized medicine” [61].

Among the neoplastic diseases in which the immunotherapy method has found significant
clinical application during the recent years, is melanoma (which has been described as the
“flagship” of immunotherapy, because it carries many immune checkpoint inhibitors and is
suitable for the application of various immunotherapeutic agents), lung cancer, kidney cancer,
urinary bladder cancer and of course, gastric cancer. As it has already been mentioned, the
monoclonal antibodies used to treat gastric cancers are those which inhibit the programmed cell
death protein-1 (PD-1), the programmed death ligand-1 (PD-L1) and the cytotoxic T-
lymphocyte antigen 4 (CTLA-4) [42]. To date, the pharmaceutical agents of “targeted therapy”
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for gastric cancer that have received approval for clinical use by the U.S.A.’s Food and Drug

Administration (FDA), are the following [40]:

o Trastuzumab: its action is based on the presence of overexpression of the Human
Epidermal Growth Factor Receptor 2 (HER2),

e  Pembrtolizumab / Nivolumab: both of them are PD-1 monoclonal antibodies and are
approved as a combination therapy along with platinum and fluoropyrimidine-based
chemotherapy for patients with advanced and / or metastatic gastric cancer,

e FEntrectinib / Larotrectinib: both of them are tropomyosin receptor kinase (TRK)
inhibitors and their use is based on testing of Neurotrophic Tyrosine Receptor Kinase

(NTRK) gene fusions.

Xue and Xu, (2022) [62] published the results of a systematic literature review and meta-
analysis regarding the efficacy of chemotherapy combined with the monoclonal antibody
trastuzumab for the treatment of advanced gastric cancers which were positive for the Human
Epidermal Growth Factor Receptor 2 (HER2 - positive). In this meta-analysis they included 18
randomized-controlled trial, with 1964 participants in total. The main conclusions of the study
was that 1) The combination of chemotherapy along with trastuzumab was superior to that of
chemotherapy alone for the treatment of HER2-positive advanced gastric cancers and 2) The
addition of trastuzumab did not produce any statistical or clinical significant deterioration of
the regimen’s safety profile. These findings, according to the authors of the meta-analysis, are
particularly encouraging for the results of new immunotherapy methods in the treatment of

advanced gastric neoplasms.

Huang et al., (2021) [63] published the results of a systematic literature review and Bayesian
network meta-analysis, regarding the safety and efficacy of the third-line treatments for
advanced gastric cancer. In this systematic review the authors included 10 clinical trials with in
total 3.012 patients with advanced gastric cancer. One of the main findings of the meta-analysis
was that nivolumab, along with apatinib were the most effective treatments, with nivolumab
having the best 1-year overall survival rate and also the best overall survival rate in patients
with HER2 —positive gastric cancer, tumours of the gastroesophageal junction and tumours with
no history of previous gastrectomy. Some of the main findings of this important systematic
literature review and meta-analysis are summarized in Figure 21. According to the authors, it
seems that in advanced stage gastric cancer, the immunotherapy regimens with the immune

checkpoint inhibitors is the best third-line therapeutic option.
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Figure 21: Third-line treatments for advanced-stage gastric cancers

(A): Overall survival. (B): Progression free survival. Nivolumab, along with apatinib were the
most effective treatments, with nivolumab having the best 1-year overall survival rate and also
the best overall survival rate in patients with HER2 —positive gastric cancer, tumours of the
gastroesophageal junction and tumours with no history of previous gastrectomy. Source:
Huang et al., (2021) [63].

Finally, in an in vitro study, Shon et al., (2021) [64], showed that the TRK inhibitor entrectinib
had significant anti-tumour action, in the gastric cancer cells through the inhibition of various

signalling pathways (especially the VEFGR and the NTRK signalling pathways).

Another field of immunotherapy for gastric cancer that in recent years has begun, after the
experimental stage, to be applied in clinical practice, is the neo-adjuvant (preoperative)
immunotherapy treatment for advanced gastric tumours. Just recently Xu et al., (2023) [65],
published the results of a systematic review and meta-analysis (5 clinical trials with 206 patients
in total), regarding the effectiveness of neoadjuvant immunotherapy for the treatment of
advanced gastric cancers. The results of the study showed that this treatment option may prove
to be particularly useful in the treatment of these difficult neoplasms; however, further research

with phase III clinical trials is needed to establish beyond doubt both its efficacy and safety.
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Table 3: Novel therapeutic options for gastric cancer

Author, Type of Study  Participants / Outcome measures / Results Main Conclusions
Country Intervention
Xue and Xu, Systematic 1964 patients with ~ Response rate, disease The combination of
(2022) [62], literature review advanced, HER2- control rate, major side chemotherapy along
China and meta- positive gastric effects. with trastuzumab
analysis. cancer. RR: OR=0.56, p < 0.003. was superior to that
18 randomized-  Effectiveness of DCR: OR=1.61, p=0.004. of chemotherapy
controlled combined No significant difference in alone for the
clinical studies, chemotherapy and  major side effects treatment of HER2-
trastuzumab positive advanced
treatment vs gastric cancers,
chemotherapy without any
alone deterioration in the
regimen’s safety
profile.
Huang et al.,  Systematic 3.012 patients with ~ One-year overall survival Nivolumab, along
(2021) [63], literature review advanced gastric and progression — free with apanitib were
China and Bayesian cancer. survival rates the most effective
network meta- Immunotherapy mOS: apanitib (HR:0.61) and treatments, with
analysis. 10 treatment nivolumab (HR: 0.62), the nivolumab having
clinical trials, most effective. the best 1-year
phase II/111 mPFS: apanitib vs placebo: overall survival rate
HR =0.38. and also the best
OS: nivolumab ranked 1% overall survival rate
TAS-102 the most toxic in patients with
treatment, HER2 —positive
POS, 1-year OS, ORR and gastric cancer,
PPFS: 5.1 months, 25%, 10% tumours of the
and 1.71 months respectively — gastroesophageal
junction and tumours
with no history of
previous
gastrectomy.
Xu et al., Systematic 206 Chinese Major pathological response ~ With the exception
(2023), [65], review of pilot  patients with rates, pathological complete  of grade III and IV

China

studies and
meta-analysis.
5 pilot clinical
studies

resectable gastric
tumours.
Neoadjuvant (pre-
operative)
immunotherapy

response rates, adverse
effects.

pCR: 26.5%

MPR: 49.05.

Grade 3-4 TRAESs: 20.0%,
Post-operative
complications: 30.1%.

adverse effects and
complications, all the
other outcome
measures was in
favour to the neo-
adjuvant
immunotherapy. It
can be a particularly
useful method in the
treatment of these
difficult neoplasms;
however, further
research with phase
III clinical trials is
needed to establish
beyond doubt both
its efficacy and
safety.
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C.2 Novel biomarkers under investigation and future novel therapies

Epidermal growth factor receptor (EGFR) is most probable the molecular biomarker that has
been the subject of the largest amount of scientific research in recent years in terms of its
association with stomach cancer. However, although the results of research on several other
types of cancer are still promising, for gastric cancer, there is still no clear evidence of the

effectiveness of inhibitors of EGFR (Table 4).

Okines et al., (2010) [66] published the results of the REAL-3 phase II-III prospective,
multicentre, randomized-controlled study, showed that the addition of panitumumab, a human
monoclonal antibody targeting EGFR did not improve statistically significantly the overall
survival of 29 patients with advance esophagogastric cancer, who have been treated with the

EOC chemotherapeutic regimen (epirubicin, oxiplatin and capecitabine).

Three years later, Lordick et al., (2013) [67] in a randomized-controlled, phase III clinical study
(the EXPAND trial, involving 904 patients suffering from previous untreated advanced gastric
cancer showed that the addition of the EGFR inhibitor cetuximab to the chemotherapeutic
regimen cisplatin-capecitabine din not offer any substantial benefit to the survival of those

patients.

On the other hand, more encouraging were the results of a more recently published study by
Maron et al., (2018) [68], in a series of 7 patients with EGFR-amplified gastric tumours, who
were treated, along with the standard chemotherapeutic regimens, with cetuximab (an EGFR
inhibitor agent) as well; the results of this small case series showed that the patients’ overall
response rate was 58%, whereas the disease control rate was 100%, findings suggesting that the
use of these agents may be effective in selected categories of patients with gastric cancer and

merit further scientific study.

Another novel therapeutic agent that has been the subject of study in recent years is the
monoclonal antibody Zolbetuximab, which binds to CLDN18.2 (claudin 18.2), a cell-surface
protein which has been found to be expressed in the 40% of the HER-2 negative gastric
adenocarcinomas [69]. Klempner et al., (2023) [70], published the results of the ILLUSTRO,
phase II multicohort trial, which showed very promising results (both in its efficacy and in its
safety profile) in patients with advanced and previously untreated gastric adenocarcinomas
which are CLDN18.2 - positive, stressing the need for continued research into the efficacy of

this new pharmaceutical agent.
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Table 4: The inhibitors of the epidermal growth factor receptor (EGFR)

Author, Type of Study  Participants / Outcome measures / Main Conclusions
Country Intervention Results
Okines etal.,  Phase II-I1I 29 patients with Survival and toxicity The recommended dose
(2010) [66], prospective, advanced for EOC + p is
UK multicentre, esophagogastric epirubicin 50 mg/m?,
Tt E cancer. Addition oxaliplatin 100 mg/m?,
of the EGFR capecitabine 1000
eoslinllied inhibitor mg/mZ/d and P 9mg/kg,
study (REAL- :
; panitumumab to every 3 weeks.
3 trial) the standard
chemotherapeutic
EOC regimen
Lordick et al.,  Phase III 904 with Progression free The addition of the
(2013) [67], randomised- advanced, survival rates, side EGFR inhibitor
Germany controlled previously effects. cetuximab to the
multicentre trial ~ untreated gastric =~ Median PFS: 4.4 months chemotherapeutic
(EXPAND trial) cancer. Addition  vs 5.6 months (p =0.32) regimen cisplatin-
of cetuximab to Grade 3-4 adverse capecitabine did not
the standard events: 83% vs 77%. offer any substantial
regimen cisplatin-  Grade 3-4 skin benefit to the survival of
capecitabine reactions: 54% vs 44% those patients.
Maron et al., Case series 7 patients with Objective response, The patients’ overall
(2018) [68], advanced disease control, response rate was 58%,
USA gastroesophageal  progression free whereas the disease
carcinoma. survival. control rate was 100%,
Addition of OR: 58%, Disease findings suggesting that
EGFR inhibitors  control 100%, median the use of these agents
in EGFR- progression free may be effective in
amplified survival: 10 months selected categories of
gastroesophageal patients with  gastric
carcinoma. cancer and merit further
scientific study.
Klempner et Phase 11 CLDN-18 Objective response rate,  The addition
al., (2023) multicohort trial ~ positive patients overall and progression  Zolmetuximab had
[70], USA (ILLUSTRO) with gastric free survival rates, promising results, with
adenocarcinoma.  clinical significant no deterioration of the
Efficacy and adverse effects. regimen’s safety profile.
safety of Cohort 2 (Zolbetuximab  Further research is
Zolbetuximab + mFOLFOX6: ORR: needed.

71.4%. Median PFS:
17.8 months.
Gastrointestinal adverse
effects: 63% - 90%.
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D. Conclusion

Gastric cancer is a very important health problem in all regions of the planet, which is of
concern to health systems in all countries of the world. In a large percentage of cases, it is not
diagnosed in time, with the end result being that the disease is accompanied by high morbidity
and mortality rates. Among the most important risk factors for the development of the disease
are helicobacter pylori infection, smoking and chronic dietary habits, such as excessive salt
consumption in the diet. In any case, genetic factors seem to play an important role in its
development, with genetic testing now considered necessary in cases of people who have a

burdened hereditary history.

The revised clinical practice guidelines for the treatment of gastric cancer, published by the
National Comprehensive Cancer Network (NCCN) in 2022 [40] pay particular attention to the
multidisciplinary treatment of the disease with the cooperation of scientists from different
disciplines in order to achieve the best possible outcome for the patient. Continuous monitoring
and support of the patient is essential at all stages of the disease; however, special care is needed
for patients with advanced disease, which has relapsed or has given rise to distant metastases
that are deemed unresectable, and who need the maximum supportive care. In these cases of
advanced disease, the maximum of symptomatic and palliative treatment should be ensured,
without it being necessary in all cases to combine it with systemic treatment of the disease

(chemotherapy, radiotherapy or a combination of both modalities).

Based on the most up-to-date literature data, the recommended therapeutic approach, especially
in patients with good physical condition and local disease, includes surgical resection of the
primary lesions with margins >5 cm, D2 (extended) lymph node dissection without
pancreatectomy and splenectomy only when the spleen is involved by the disease. Nowadays,
in patients with local-peripheral gastric cancer, international guidelines recommend peri-
operative (neo-adjuvant and adjuvant) chemotherapy; this approach improves overall survival.
The chemotherapy regimens used are generally well tolerated, with the majority of patients
managing to complete both pre- and post-operative chemotherapy without major complications

and side-effects.
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With the continuous development of scientific research in this field, in recent years targeted
therapeutic interventions have given new hope in the effort to treat advanced gastric cancer.
Thus, the recently published NCCN clinical practice guidelines in Oncology for gastric cancer

[40], include the following:

e In patients with HER2-positive tumours, chemotherapy plus trastuzumab is
recommended as 1% line therapy,

e In patients with PD-L1 expression, chemotherapy plus nivolumab is recommended as
1% line therapy,

e For patients with metastatic gastric cancer, ramucirumab should be considered as an
effective 2" line therapy,

e For patients with MSI-H/dAMMR or TBM-H tumours, ramucirumab and / or
pembrolizumab should be considered as 2" line, or subsequent therapeutic options.

e For patients with NTRK gene fusion-positive tumours, Larotrectinib or Entrectinib are

recommended as 2™ line therapy.

Advances in the application of new therapies, such as immunotherapy, targeted therapies, gene
therapies, vaccines, drug combinations and deciphering pathways previously unknown with the
help of molecular biology, immunology and technology development, allow us to be optimistic
about the long-term survival and/or cure of cancer patients who currently have an unfavourable
prognosis. Scientists from many disciplines are working intensively in this direction to make
the dream of a "cure" a reality. In all cases, it is essential to continue scientific research by
encouraging patients with gastric cancer to participate in clinical trials in order to prove the
efficacy and safety of the existing therapeutic regimens and to study novel - innovative

treatment options.

57



References

10.

Soybel D. 1. (2005). Anatomy and physiology of the stomach. The Surgical clinics
of North America, 85(5), 875—v. https://doi.org/10.1016/].suc.2005.05.009

Hunt, R. H., Camilleri, M., Crowe, S. E., ElI-Omar, E. M., Fox, J. G., Kuipers, E. J.,
Malfertheiner, P., McColl, K. E., Pritchard, D. M., Rugge, M., Sonnenberg, A.,
Sugano, K., & Tack, J. (2015). The stomach in health and disease. Gut, 64(10),
1650-1668. https://doi.org/10.1136/gutjnl-2014-307595

Correa P. (2013). Gastric cancer: overview. Gastroenterology clinics of North
America, 42(2), 211-217. https://doi.org/10.1016/j.gtc.2013.01.002

Lauren P. (1965). The two histological main types of gastric carcinoma: diffuse and

so-called intestinal-type carcinoma. an attempt at a histo-clinical classification. Acta
pathologica et microbiologica Scandinavica, 64, 31-49.
https://doi.org/10.1111/apm.1965.64.1.31

Chon, H. J., Hyung, W. J., Kim, C., Park, S., Kim, J. H., Park, C. H., Ahn, J. B.,
Kim, H., Chung, H. C., Rha, S. Y., Noh, S. H., & Jeung, H. C. (2017). Differential
Prognostic Implications of Gastric Signet Ring Cell Carcinoma: Stage Adjusted

Analysis From a Single High-volume Center in Asia. Annals of surgery, 265(5),
946-953. https://doi.org/10.1097/SL.A.0000000000001793

Berlth, F., Bollschweiler, E., Drebber, U., Hoelscher, A. H., & Moenig, S. (2014).
Pathohistological classification systems in gastric cancer: diagnostic relevance and

prognostic  value. World journal of gastroenterology, 20(19), 5679-5684.
https://doi.org/10.3748/wjg.v20.119.5679

Milne, A. N., & Offerhaus, G. J. (2010). Early-onset gastric cancer: Learning
lessons from the young. World journal of gastrointestinal oncology, 2(2), 59—64.
https://doi.org/10.4251/wjgo.v2.i2.59

Machlowska, J., Baj, J., Sitarz, M., Maciejewski, R., & Sitarz, R. (2020). Gastric
Cancer: Epidemiology, Risk Factors, Classification, Genomic Characteristics and

Treatment Strategies. International journal of molecular sciences, 21(11), 4012.
https://doi.org/10.3390/ijms21114012

Boland, C. R., & Yurgelun, M. B. (2017). Historical Perspective on Familial Gastric
Cancer. Cellular and molecular gastroenterology and hepatology, 3(2), 192-200.
https://doi.org/10.1016/j.jcmgh.2016.12.003

Kim, J., Cho, Y. A., Choi, W. J., & Jeong, S. H. (2014). Gene-diet interactions in
gastric cancer risk: a systematic review. World journal of gastroenterology, 20(28),
9600-9610. https://doi.org/10.3748/wjg.v20.i28.9600

58



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rota, M., Pelucchi, C., Bertuccio, P., Matsuo, K., Zhang, Z. F., Ito, H., Hu, J.,
Johnson, K. C., Palli, D., Ferraroni, M., Yu, G. P., Muscat, J., Lunet, N., Peleteiro,
B., Ye, W., Song, H., Zaridze, D., Maximovitch, D., Guevara, M., Fernandez-Villa,
T., ... LaVecchia, C. (2017). Alcohol consumption and gastric cancer risk-A pooled
analysis within the StoP project consortium. International journal of
cancer, 141(10), 1950-1962. https://doi.org/10.1002/ijc.30891

Rawla, P., & Barsouk, A. (2019). Epidemiology of gastric cancer: global trends, risk

factors and  prevention. Przeglad = gastroenterologiczny, 14(1),  26-38.
https://doi.org/10.5114/pg.2018.80001

Plummer, M., Franceschi, S., Vignat, J., Forman, D., & de Martel, C. (2015). Global
burden of gastric cancer attributable to Helicobacter pylori. International journal of
cancer, 136(2), 487—490. https://doi.org/10.1002/ijc.28999

Baj, J., Korona-Glowniak, 1., Forma, A., Maani, A., Sitarz, E., Rahnama-Hezavah,
M., Radzikowska, E., & Portincasa, P. (2020). Mechanisms of the Epithelial-
Mesenchymal Transition and Tumor Microenvironment in Helicobacter pylori-
Induced Gastric Cancer. Cells, 9(4), 1055. https://doi.org/10.3390/cells9041055
Sitarz, R., Skierucha, M., Mielko, J., Offerhaus, G. J. A., Maciejewski, R., &
Polkowski, W. P. (2018). Gastric cancer: epidemiology, prevention, classification,

and treatment. Cancer management and research, 10, 239-248.
https://doi.org/10.2147/CMAR.S149619

lizasa, H., Nanbo, A., Nishikawa, J., Jinushi, M., & Yoshiyama, H. (2012). Epstein-
Barr Virus (EBV)-associated gastric carcinoma. Viruses, 4(12), 3420-3439.
https://doi.org/10.3390/v4123420

Huang, X. Z., Chen, Y., Wu, J., Zhang, X., Wu, C. C., Zhang, C. Y., Sun, S. S., &
Chen, W. J. (2017). Aspirin and non-steroidal anti-inflammatory drugs use reduce

gastric cancer risk: A dose-response meta-analysis. Oncotarget, 8(3), 4781-4795.
https://doi.org/10.18632/oncotarget. 13591

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, A.
(2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal for
clinicians, 68(6), 394—424. https://doi.org/10.3322/caac.21492

Ferlay, J., Soerjomataram, 1., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., Parkin,
D.M., Forman, D. and Bray, F. (2015), Cancer incidence and mortality worldwide:
Sources, methods and major patterns in GLOBOCAN 2012. Int. J. Cancer, 136:
E359-E386. https://doi.org/10.1002/ij¢.29210

Luo, G., Zhang, Y., Guo, P., Wang, L., Huang, Y., & Li, K. (2017). Global patterns
and trends in stomach cancer incidence: Age, period and birth cohort

analysis. International journal of cancer, 141(7), 1333-1344.
https://doi.org/10.1002/ij¢.30835

Colquhoun, A., Arnold, M., Ferlay, J., Goodman, K. J., Forman, D., &
Soerjomataram, 1. (2015). Global patterns of cardia and non-cardia gastric cancer

59



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

incidence in 2012. Gut, 64(12), 1881-1888. https://doi.org/10.1136/gutjnl-2014-
308915
Sonnenberg A. (2013). Review article: historic changes of Helicobacter pylori-

associated diseases. Alimentary pharmacology & therapeutics, 38(4), 329-342.
https://doi.org/10.1111/apt.12380

Hooi, J. K. Y., Lai, W. Y., Ng, W. K., Suen, M. M. Y., Underwood, F. E.,
Tanyingoh, D., Malfertheiner, P., Graham, D. Y., Wong, V. W. S., Wu, J. C. Y.,
Chan, F. K. L., Sung, J. J. Y., Kaplan, G. G., & Ng, S. C. (2017). Global Prevalence
of  Helicobacter pylori Infection: Systematic Review and Meta-
Analysis. Gastroenterology, 153(2), 420-429.
https://doi.org/10.1053/j.gastro.2017.04.022

Kotilea, K., Bontems, P., & Touati, E. (2019). Epidemiology, Diagnosis and Risk
Factors of Helicobacter pylori Infection. Advances in experimental medicine and
biology, 1149, 17-33. https://doi.org/10.1007/5584 2019 357

Wang, C., Nishiyama, T., Kikuchi, S., Inoue, M., Sawada, N., Tsugane, S., & Lin,
Y. (2017). Changing trends in the prevalence of H. pylori infection in Japan (1908-

2003): a systematic review and meta-regression analysis of 170,752
individuals. Scientific reports, 7(1), 15491. https://doi.org/10.1038/s41598-017-
15490-7

Nakayama, Y., Lin, Y., Hongo, M., Hidaka, H., & Kikuchi, S. (2017). Helicobacter
pylori infection and its related factors in junior high school students in Nagano
Prefecture, Japan. Helicobacter, 22(2), 10.1111/hel.12363.
https://doi.org/10.1111/hel. 12363

Morais, S., Costa, A. R., Ferro, A., Lunet, N., & Peleteiro, B. (2017). Contemporary
migration patterns in the prevalence of Helicobacter pylori infection: A systematic
review. Helicobacter, 22(3), 10.1111/hel.12372. https://doi.org/10.1111/hel.12372
Hatakeyama M. (2009). Helicobacter pylori and gastric carcinogenesis. Journal of
gastroenterology, 44(4), 239-248. https://doi.org/10.1007/s00535-009-0014-1
Kodaman, N., Pazos, A., Schneider, B. G., Piazuelo, M. B., Mera, R., Sobota, R. S.,
Sicinschi, L. A., Shaffer, C. L., Romero-Gallo, J., de Sablet, T., Harder, R. H.,
Bravo, L. E., Peek, R. M., Jr, Wilson, K. T., Cover, T. L., Williams, S. M., & Correa,
P. (2014). Human and Helicobacter pylori coevolution shapes the risk of gastric

disease. Proceedings of the National Academy of Sciences of the United States of
America, 111(4), 1455-1460. https://doi.org/10.1073/pnas.1318093111
Ferlay, J., Colombet, M., Soerjomataram, I., Mathers, C., Parkin, D. M., Pifieros,

M., Znaor, A., & Bray, F. (2019). Estimating the global cancer incidence and
mortality in 2018: GLOBOCAN sources and methods. International journal of
cancer, 144(8), 1941-1953. https://doi.org/10.1002/ij¢.31937

Wong, M. C. S., Huang, J., Chan, P. S. F., Choi, P., Lao, X. Q., Chan, S. M., Teoh,
A., & Liang, P. (2021). Global Incidence and Mortality of Gastric Cancer, 1980-
2018. JAMA network open, 4(7), €2118457.
https://doi.org/10.1001/jamanetworkopen.2021.18457

60



32.

33.

34.

35.

36.

37.

38.

39.

40.

U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations
Tool, based on November 2017 submission data (1999-2015): U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention and
National Cancer Institute. 2018

Thrift, A. P, & Nguyen, T. H. (2021). Gastric Cancer
Epidemiology. Gastrointestinal endoscopy clinics of North America, 31(3), 425—
439. https://doi.org/10.1016/j.giec.2021.03.001

Lin, Y., Guo, Z., Huang, S., Ma, J., Xiang, Z., Huang, Y., Zhou, Y., & Chen, W.
(2022). Time Trend of Upper Gastrointestinal Cancer Incidence in China from 1990

to 2019 and Analysis Using an Age-Period-Cohort Model. Current oncology
(Toronto, Ont.), 29(10), 7470-7481. https://doi.org/10.3390/curroncol29100588
Anderson, W. F., Rabkin, C. S., Turner, N., Fraumeni, J. F., Jr, Rosenberg, P. S., &
Camargo, M. C. (2018). The Changing Face of Noncardia Gastric Cancer Incidence
Among US Non-Hispanic Whites. Journal of the National Cancer Institute, 110(6),
608—615. https://doi.org/10.1093/jnci/djx262

Arnold, M., Ferlay, J., van Berge Henegouwen, M. 1., & Soerjomataram, 1. (2020).

Global burden of oesophageal and gastric cancer by histology and subsite in
2018. Gut, 69(9), 1564—1571. https://doi.org/10.1136/gutjnl-2020-321600

Ford, A. C., Forman, D., Hunt, R. H., Yuan, Y., & Moayyedi, P. (2014).
Helicobacter pylori eradication therapy to prevent gastric cancer in healthy

asymptomatic infected individuals: systematic review and meta-analysis of
randomised controlled trials. BMJ (Clinical research ed.), 348, g3174.
https://doi.org/10.1136/bmj.g3174

Zeng, M., Mao, X. H., Li, J. X., Tong, W. D., Wang, B., Zhang, Y. J., Guo, G.,
Zhao,Z.J.,Li,L., Wu,D. L., Lu, D. S., Tan, Z. M., Liang, H. Y., Wu, C., Li, D. H.,

Luo, P., Zeng, H., Zhang, W. J., Zhang, J. Y., Guo, B. T., ... Zou, Q. M. (2015).

Efficacy, safety, and immunogenicity of an oral recombinant Helicobacter pylori
vaccine in children in China: a randomised, double-blind, placebo-controlled, phase
3 trial. Lancet (London, England), 386(10002), 1457-1464.
https://doi.org/10.1016/S0140-6736(15)60310-5

International Agency for Research on Cancer. Fruit and vegetables. In IARC

Handbooks of Cancer Prevention; IARC: Lyon, France, 2003; Volume 8

Ajani, J. A., D’Amico, T. A., Bentrem, D. J., Chao, J., Cooke, D., Corvera, C., Das, P.,
Enzinger, P. C., Enzler, T., Fanta, P., Farjah, F., Gerdes, H., Gibson, M. K., Hochwald, S.,
Hofstetter, W. L., Ilson, D. H., Keswani, R. N., Kim, S., Kleinberg, L. R., ... Pluchino, L.
A. (2022). Gastric Cancer, Version 2.2022, NCCN Clinical Practice Guidelines in
Oncology. Journal of the National Comprehensive Cancer Network: JNCCN, 20(2), 167—
192. https://doi.org/10.6004/jnccn.2022.0008

61



41.

42.

43.

44,

45.

46.

47.

Ji, X.,Bu, Z.-D., Yan, Y., Li, Z.-Y., Wu, A.-W., Zhang, L.-H., Zhang, J., Wu, X.-]., Zong,
X.-L., Li, S.-X., Shan, F., Jia, Z.-Y., & Ji, J.-F. (2018). The 8th edition of the American
Joint Committee on Cancer tumor-node-metastasis staging system for gastric cancer is
superior to the 7th edition: Results from a Chinese mono-institutional study of 1663
patients. Gastric Cancer: Official Journal of the International Gastric Cancer Association
and the Japanese Gastric Cancer  Association, 21(4), 643-652.
https://doi.org/10.1007/s10120-017-0779-5

Joshi, S. S., & Badgwell, B. D. (2021). Current treatment and recent progress in gastric
cancer. CA: A Cancer  Journal  for  Clinicians, 71(3), 264-279.
https://doi.org/10.3322/caac.21657

Ikoma, N., Cormier, J. N., Feig, B., Du, X. L., Yamal, J.-M., Hofstetter, W., Das, P., Ajani,
J. A., Roland, C. L., Fournier, K., Royal, R., Mansfield, P., & Badgwell, B. D. (2018).

Racial disparities in preoperative chemotherapy use in gastric cancer patients in the United
States: Analysis of the National Cancer Data Base, 2006-2014. Cancer, 124(5), 998—-1007.
https://doi.org/10.1002/cner.31155

Cunningham, D., Allum, W. H., Stenning, S. P., Thompson, J. N., Van de Velde, C. J. H.,
Nicolson, M., Scarffe, J. H., Lofts, F. J., Falk, S. J., Iveson, T. J., Smith, D. B., Langley, R.
E., Verma, M., Weeden, S., Chua, Y. J., & MAGIC Trial Participants, null. (2006).

Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer.
The New England Journal of Medicine, 355(1), 11-20.
https://doi.org/10.1056/NEJMo0a055531

Al-Batran, S.-E., Homann, N., Pauligk, C., Goetze, T. O., Meiler, J., Kasper, S., Kopp, H.-
G., Mayer, F., Haag, G. M., Luley, K., Lindig, U., Schmiegel, W., Pohl, M., Stoehlmacher,
J., Folprecht, G., Probst, S., Prasnikar, N., Fischbach, W., Mahlberg, R., ... FLOT4-AIO

Investigators. (2019). Perioperative chemotherapy with fluorouracil plus leucovorin,
oxaliplatin, and docetaxel versus fluorouracil or capecitabine plus cisplatin and epirubicin
for locally advanced, resectable gastric or gastro-oesophageal junction adenocarcinoma
(FLOT4): A randomised, phase 2/3 trial. Lancet (London, England), 393(10184), 1948—
1957. https://doi.org/10.1016/S0140-6736(18)32557-1

Ajani, J. A., Winter, K., Okawara, G. S., Donohue, J. H., Pisters, P. W. T., Crane, C. H.,
Greskovich, J. F., Anne, P. R., Bradley, J. D., Willett, C., & Rich, T. A. (2006). Phase 1I

trial of preoperative chemoradiation in patients with localized gastric adenocarcinoma
(RTOG 9904): Quality of combined modality therapy and pathologic response. Journal of
Clinical Oncology: Official Journal of the American Society of Clinical Oncology, 24(24),
3953-3958. https://doi.org/10.1200/JC0O.2006.06.4840

Bang, Y.-J., Kim, Y.-W., Yang, H.-K., Chung, H. C., Park, Y.-K., Lee, K. H., Lee, K.-W.,
Kim, Y. H., Noh, S.-I., Cho, J. Y., Mok, Y. J., Kim, Y. H,, Ji, J., Yeh, T.-S., Button, P.,

62



48.

49.

50.

51.

52.

Sirzén, F., Noh, S. H., & CLASSIC trial investigators. (2012). Adjuvant capecitabine and
oxaliplatin for gastric cancer after D2 gastrectomy (CLASSIC): A phase 3 open-label,
randomised controlled trial. Lancet (London, England), 379(9813), 315-321.
https://doi.org/10.1016/S0140-6736(11)61873-4

Zhang, X., Liang, H., Li, Z., Xue, Y., Wang, Y., Zhou, Z., Yu, J., Bu, Z., Chen, L., Du, Y.,
Wang, X., Wu, A., Li, G., Su, X., Xiao, G., Cui, M., Wu, D., Chen, L., Wu, X,, ...

RESOLVE study group. (2021). Perioperative or postoperative adjuvant oxaliplatin with S-
1 versus adjuvant oxaliplatin with capecitabine in patients with locally advanced gastric or
gastro-oesophageal junction adenocarcinoma undergoing D2 gastrectomy (RESOLVE): An
open-label, superiority and non-inferiority, phase 3 randomised controlled trial. 7he Lancet.
Oncology, 22(8), 1081-1092. https://doi.org/10.1016/S1470-2045(21)00297-7

Park, S. H., Lim, D. H., Sohn, T. S., Lee, J., Zang, D. Y., Kim, S. T., Kang, J. H., Oh, S. Y.,
Hwang, 1. G., Ji, J. H., Shin, D. B., Yu, J. ., Kim, K.-M., An, J. Y., Choi, M. G,, Lee, J. H.,
Kim, S., Hong, J. Y., Park, J. O., ... ARTIST 2 investigators. (2021). A randomized phase

II trial comparing adjuvant single-agent S1, S-1 with oxaliplatin, and postoperative
chemoradiation with S-1 and oxaliplatin in patients with node-positive gastric cancer after
D2 resection: The ARTIST 2 trialsk. Annals of Oncology: Official Journal of the European
Society for Medical Oncology, 32(3), 368-374.
https://doi.org/10.1016/j.annonc.2020.11.017

Allen, C. J., Blumenthaler, A. N., Smith, G. L., Das, P., Minsky, B. D., Blum, M.,
Ajani, J., Mansfield, P. F., Ikoma, N., & Badgwell, B. D. (2021). Chemotherapy

Versus Chemotherapy Plus Chemoradiation as Preoperative Therapy for Resectable
Gastric Adenocarcinoma: A Propensity Score-Matched Analysis of a Large, Single-
Institution Experience. Annals of Surgical Oncology, 28(2), 7T58-765.
https://doi.org/10.1245/s10434-020-08864-1

Tee, M. C., Pirozzi, N., Brahmbhatt, R. D., Raman, S., & Franko, J. (2020).

Oncologic and surgical outcomes for gastric cancer patients undergoing gastrectomy
differ by race in the United States. European Journal of Surgical Oncology: The
Journal of the European Society of Surgical Oncology and the British Association
of Surgical Oncology, 46(10 Pt A), 1941-1947.
https://doi.org/10.1016/j.s0.2020.05.014

Kim, S. G., Park, C. M., Lee, N. R., Kim, J., Lyu, D. H., Park, S.-H., Choi, L. J., Lee,
W. S., Park, S.J., Kim, J. J., Kim, J. H., Lim, C.-H., Cho, J. Y., Kim, G. H., Lee, Y.
C., Jung, H.-Y., Lee, J. H., Chun, H. J., & Seol, S.-Y. (2018). Long-Term Clinical

Outcomes of Endoscopic Submucosal Dissection in Patients with Early Gastric

63



53.

54.

55.

56.

57.

58.

Cancer: A Prospective Multicenter Cohort Study. Gut and Liver, 12(4), 402—410.
https://doi.org/10.5009/gnl17414

Tanabe, S., Ishido, K., Matsumoto, T., Kosaka, T., Oda, I., Suzuki, H., Fujisaki, J.,
Ono, H., Kawata, N., Oyama, T., Takahashi, A., Doyama, H., Kobayashi, M., Uedo,
N., Hamada, K., Toyonaga, T., Kawara, F., Tanaka, S., & Yoshifuku, Y. (2017).

Long-term outcomes of endoscopic submucosal dissection for early gastric cancer:
A multicenter collaborative study. Gastric Cancer: Official Journal of the
International Gastric Cancer Association and the Japanese Gastric Cancer

Association, 20(Suppl 1), 45-52. https://doi.org/10.1007/s10120-016-0664-7

Benites-Gofii, H., Palacios-Salas, F., Marin-Calder6on, L., Diaz-Arocutipa, C.,
Piscoya, A., & Hernandez, A. V. (2023). Short-term outcomes of endoscopic
submucosal dissection for the treatment of superficial gastric neoplasms in non-
Asian countries: A systematic review and meta-analysis. Annals of
Gastroenterology, 36(2), 167-177. https://doi.org/10.20524/a0g.2023.0777

Kumar, R., Tchelebi, L., Anker, C. J., Sharma, N., Bianchi, N. A., Dragovic, J.,
Goodman, K. A., Herman, J. M., Jiang, Y., Jones, W. E., Kennedy, T. J., Lee, P.,
Kundranda, M., Russo, S., Small, W., Suh, W. W, Yee, N., & Jabbour, S. K. (2022).

American Radium Society (ARS) Appropriate Use Criteria (AUC) for Locoregional
Gastric Adenocarcinoma: Systematic Review and Guidelines. American Journal of
Clinical Oncology, 45(9), 391-402.
https://doi.org/10.1097/COC.0000000000000930

Feng, Z., Yan, P., Hou, X., Feng, J., He, X., & Yang, K. (2020). The efficacy and

safety of capecitabine-based versus S-1-based chemotherapy for metastatic or
recurrent gastric cancer: A systematic review and meta-analysis of clinical
randomized trials. Amnnals of Palliative Medicine, 9(3), 883-894.
https://doi.org/10.21037/apm.2020.04.26

Chen, X.-L., Chen, X.-Z., Yang, C., Liao, Y.-B., Li, H., Wang, L., Yang, K., Li, K.,
Hu, J.-K., Zhang, B., Chen, Z.-X., Chen, J.-P., & Zhou, Z.-G. (2013). Docetaxel,

cisplatin and fluorouracil (DCF) regimen compared with non-taxane-containing
palliative chemotherapy for gastric carcinoma: A systematic review and meta-
analysis. PloS One, 8(4), €60320. https://doi.org/10.1371/journal.pone.0060320

Rosati, G., Cella, C. A., Cavanna, L., Codeca, C., Prisciandaro, M., Mosconi, S.,

Luchena, G., Silvestris, N., Bernardini, I., Casaretti, R., Zoratto, F., Amoroso, D.,

Ciarlo, A., Barni, S., Cascinu, S., Davite, C., Di Sanzo, A., Casolaro, A., Bilancia,

64



59.

60.

61.

62.

63.

64.

65.

D., & Labianca, R. (2022). A randomized phase III study of fractionated docetaxel,
oxaliplatin, capecitabine (low-tox) vs epirubicin, oxaliplatin and capecitabine (eox)
in patients with locally advanced unresectable or metastatic gastric cancer: The lega
trial. Gastric Cancer: Official Journal of the International Gastric Cancer
Association and the Japanese Gastric Cancer Association, 25(4), 783-793.
https://doi.org/10.1007/s10120-022-01292-y

Hernandez-Quiles, C., Bernabeu-Wittel, M., Pérez-Belmonte, L. M., Macias-Mir,

P., Camacho-Gonzalez, D., Massa, B., Maiz-Jiménez, M., Ollero-Baturone, M., &
PALIAR investigators. (2017). Concordance of Barthel Index, ECOG-PS, and
Palliative Performance Scale in the assessment of functional status in patients with
advanced medical diseases. BMJ Supportive & Palliative Care, 7(3), 300-307.
https://doi.org/10.1136/bmjspcare-2015-001073

Kirkwood, J. M., Butterfield, L. H., Tarhini, A. A., Zarour, H., Kalinski, P., &

Ferrone, S. (2012). Immunotherapy of cancer in 2012. CA: A Cancer Journal for
Clinicians, 62(5), 309-335. https://doi.org/10.3322/caac.20132

Maciejko, L., Smalley, M., & Goldman, A. (2017). Cancer Immunotherapy and
Personalized Medicine: Emerging Technologies and Biomarker-Based Approaches.
Journal  of  Molecular ~ Biomarkers &  Diagnosis,  8(5), 350.
https://doi.org/10.4172/2155-9929.1000350

Xue, C., & Xu, Y.-H. (2022). Trastuzumab combined chemotherapy for the

treatment of HER2-positive advanced gastric cancer: A systematic review and meta-
analysis of randomized controlled trial. Medicine, 101(34), €29992.
https://doi.org/10.1097/MD.0000000000029992

Huang, M., Li, J., Yu, X., Xu, Q., Zhang, X., Dai, X., Li, S., Sheng, L., Huang, K.,
& Liu, L. (2021). Comparison of Efficacy and Safety of Third-Line Treatments for

Advanced Gastric Cancer: A Systematic Review With Bayesian Network Meta-
Analysis. Frontiers in Oncology, 11, 734323,
https://doi.org/10.3389/fonc.2021.734323

Sohn, S.-H., Sul, H. J., Kim, B. J., Kim, H. S., & Zang, D. Y. (2021). Entrectinib

Induces Apoptosis and Inhibits the Epithelial-Mesenchymal Transition in Gastric
Cancer with NTRK Overexpression. International Journal of Molecular Sciences,
23(1), 395. https://doi.org/10.3390/ijms23010395

Xu, H., Li, T., Shao, G., Wang, W., He, Z., Xu, J., Qian, Y., Liu, H., Ge, H., Wang,
L., Zhang, D., Yang, L., Li, F., & Xu, Z. (2023). Evaluation of neoadjuvant

65



66.

67.

68.

69.

70.

immunotherapy plus chemotherapy in Chinese surgically resectable gastric cancer:
A pilot study by meta-analysis. Frontiers in Immunology, 14, 1193614.
https://doi.org/10.3389/fimmu.2023.1193614

Okines, A. F. C., Ashley, S. E., Cunningham, D., Oates, J., Turner, A., Webb, J.,
Saffery, C., Chua, Y. J., & Chau, L. (2010). Epirubicin, oxaliplatin, and capecitabine

with or without panitumumab for advanced esophagogastric cancer: Dose-finding
study for the prospective multicenter, randomized, phase II/IIl REAL-3 trial.
Journal of Clinical Oncology: Official Journal of the American Society of Clinical
Oncology, 28(25), 3945-3950. https://doi.org/10.1200/JC0O.2010.29.2847

Lordick, F., Kang, Y.-K., Chung, H.-C., Salman, P., Oh, S. C., Bodoky, G., Kurteva,
G., Volovat, C., Moiseyenko, V. M., Gorbunova, V., Park, J. O., Sawaki, A., Celik,
L., Gotte, H., Melezinkova, H., Mochler, M., & Arbeitsgemeinschaft Internistische

Onkologie and EXPAND Investigators. (2013). Capecitabine and cisplatin with or
without cetuximab for patients with previously untreated advanced gastric cancer
(EXPAND): A randomised, open-label phase 3 trial. The Lancet. Oncology, 14(6),
490-499. https://doi.org/10.1016/S1470-2045(13)70102-5

Maron, S. B., Alpert, L., Kwak, H. A., Lomnicki, S., Chase, L., Xu, D., O’Day, E.,
Nagy, R. J., Lanman, R. B., Cecchi, F., Hembrough, T., Schrock, A., Hart, J., Xiao,
S.-Y., Setia, N., & Catenacci, D. V. T. (2018). Targeted Therapies for Targeted
Populations: Anti-EGFR Treatment for EGFR-Amplified Gastroesophageal
Adenocarcinoma. Cancer Discovery, 8(6), 696—713. https://doi.org/10.1158/2159-
8290.CD-17-1260

van Laarhoven, H. W. M., & Derks, S. (2023). Claudin-18.2 targeting by
zolbetuximab: Results of SPOTLIGHT in perspective. Lancet (London, England),
401(10389), 1630-1631. https://doi.org/10.1016/S0140-6736(23)00732-8
Klempner, S. J., Lee, K.-W., Shitara, K., Metges, J.-P., Lonardi, S., llson, D. H.,
Fazio, N., Kim, T. Y., Bai, L.-Y., Moran, D., Yang, J., Arozullah, A., Park, J. W.,
Raizer, J. J., Bang, Y.-J., & Shah, M. A. (2023). ILUSTRO: Phase 2 Multicohort
Trial of Zolbetuximab in Patients with Advanced or Metastatic Claudin 18.2-

Positive Gastric or Gastroesophageal Junction Adenocarcinoma. Clinical Cancer
Research: An Official Journal of the American Association for Cancer Research,

CCR-23-0204. https://doi.org/10.1158/1078-0432.CCR-23-0204

66



67



