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Abstract

With the introduction of new drugs like tirzepatide, the relationship between metabolic
treatments and oncology has attracted a lot of interest lately. Tirzepatide, a dual agonist of
glucagon-like peptide-1 (GLP-1) and gastric inhibitory polypeptide (GIP) receptors, has shown
promising results in the treatment of type 2 diabetes and obesity, two disorders associated with
an increased risk of gastric cancer. The purpose of this study is to examine tirzepatide's
possible effects on the development and prevention of stomach cancer. We investigate the
therapeutic potential of tirzepatide and pinpoint areas in need of more investigation by looking
at the body of existing literature and mechanistic insights "**', The results emphasize the need
for more research into tirzepatide's direct impact on gastric carcinogenesis as well as its
complex modes of action and function in modifying risk factors.

Rezumat

Odata cu introducerea unor medicamente noi, precum tirzepatida, relatia dintre tratamentele
metabolice si oncologie a atras recent un interes semnificativ. Tirzepatida, un agonist dual al
receptorilor pentru peptidul-1 asemanator glucagonului (GLP-1) si pentru polipeptidul inhibitor
gastric (GIP), a demonstrat rezultate promitatoare in tratamentul diabetului zaharat de tip 2 si
al obezitatii — doua afectiuni asociate cu un risc crescut de cancer gastric. Scopul acestui
studiu este de a analiza posibilele efecte ale tirzepatidei asupra dezvoltarii si prevenirii
cancerului gastric. Prin examinarea literaturii existente si a perspectivelor mecanistice [1], [3],
investigam potentialul terapeutic al tirzepatidei si identificam domeniile care necesita
cercetari suplimentare. Rezultatele evidentiaza necesitatea unor studii aprofundate privind
impactul direct al tirzepatidei asupra carcinogenezei gastrice, precum si elucidarea modurilor
sale complexe de actiune si a rolului in modificarea factorilor de risc.
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Introduction

One of the most common cancers in the world,
gastric cancer plays a major role in cancer-
related death ™. A complex interaction of
metabolic, environmental, and genetic factors
contributes to its etiology. Oncogenes,
epigenetic modifications, and changes in
tumor suppressor genes have been identified
as genetic contributors. Environmental factors
that increase the risk include exposure to
chemicals, Helicobacter pylori infection, and
dietary practices.

The pathophysiology of gastric cancer is
significantly influenced by metabolic
abnormalities, according to recent findings.
Key factors in the development of the
condition include obesity and the metabolic
syndrome, which is typified by insulin
resistance, dyslipidemia, hyperglycemia, and
systemic inflammation. A microenvironment
that is favorable to the growth of tumors is
produced by the pro-inflammatory cytokines
and adipokines secreted by excess adipose
tissue. Furthermore, by triggering insulin-like
growth factor (IGF) signaling pathways,
hyperinsulinemia may encourage the growth
of cancer cells.

Additionally, there is evidence that metabolic
syndrome increases the mutagenesis potential
of gastric epithelial cells, especially when
chronic inflammation brought on by an H. pylori
infection is present. The interaction of these

variables emphasizes how crucial it is to
address metabolic health as part of efforts for
managing and preventing stomach cancer. To
clarify the molecular pathways that connect
metabolic syndrome to stomach carcinoge-
nesis and to pinpoint possible treatment
targets, further investigations are necessary .
Significant improvements in glycemic control
and weight loss have been demonstrated by
tirzepatide, a new therapeutic drug authorized
for the treatment of type 2 diabetes *. Its dual
action on GLP-1 and GIP receptors makes it
unique in the realm of metabolic therapies.
However, nothing is known about its potential
impact on cancer pathways. This study
intends to evaluate the scientific basis for
tirzepatide's role in gastric cancer by critically
examining the existing literature and
identifying research gaps.

Tirzepatide, which targets insulin resistance
and inflammation associated with obesity,
shows potential as a novel approach to
preventing gastric cancer.

Tirzepatide's dual receptor activity provides a
multimodal strategy for treating metabolic
abnormalities. According to preclinical
research, GLP-1 receptor agonists may
prevent tumor growth by altering glucose
metabolism, promoting apoptosis, and
lowering chronic inflammation. Although this
is still a largely unstudied topic, tirzepatide's
extra activation of GIP receptors may enhance
these effects. Clinical and mechanistic
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investigations should be given top priority in
future research to elucidate the compound's
function in gastric carcinogenesis and
potential therapeutic uses in at-risk groups.

Methods

Data Collection

A comprehensive literature review was
conducted using databases such as PubMed,
Scopus, and Web of Science. Keywords
included "tirzepatide," "gastric cancer," "GLP-
1 receptor agonists," "metabolic syndrome,"
and "cancer prevention." Relevance,
recentness, and scientific rigor were taken into
consideration when choosing the studies.
Data from preclinical and clinical studies were
examined ",

Inclusion Criteria

e Studies examining the pharmacological
effects of tirzepatide or similar GLP-1
receptor agonists.

e Investigations of metabolic variables
associated with the development of
stomach cancer.

e Peer-reviewed articles published in English
within the last decade.

Analysis Framework

The analysis focused on three key areas:

e The pharmacodynamics of tirzepatide and
its systemic effects.

e Associations between lowering the risk of
cancer and improving metabolism.

e Potential risks associated with GLP-1
receptor agonists in oncology™.

Results
Tirzepatide's Metabolic Effects

Tirzepatide's dual receptor agonism has
shown superior efficacy in reducing HbAlc
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levels and promoting weight loss compared to
traditional GLP-1 receptor agonists . These
effects contribute to improved insulin
sensitivity, reduced systemic inflammation,
and modulation of adipokine levels — all of
which are relevant to cancer pathways.

As illustrated in Figure 1 below, numerous
studies have revealed a direct association
between the reduction of visceral adiposity by
weight loss therapy and lower levels of pro-
inflammatory cytokines including TNF-a and
IL-1B . This decline is particularly significant
because these cytokines are implicated in the
onset and metastasis of a number of cancers,
including gastric cancer. Furthermore,
tirzepatide's effects on fasting glucose and
lipid levels may also affect carcinogenesis
through processes like changing tumor
metabolism and influencing angiogenesis.
Tirzepatide may indirectly lower the risk of
tumor initiation and progression in obese
people by enhancing systemic metabolic
health.

According to new research, pro-inflammatory
cytokines that cause chronic inflammation
may help create an environment that is
conducive to tumor growth. Tirzepatide has
the potential to break this pro-tumorigenic
loop because of its capacity to reduce
systemic inflammation as well as its effects on
insulin resistance and adipose tissue function.
Tirzepatide may also lessen oxidative stress
and block pathways linked to the growth and
survival of cancer cells by lowering hypergly-
cemia and dyslipidemia. To completely
comprehend its function in cancer prevention
and treatment, more research into these
pathways is necessary"

Obesity and Gastric Cancer
A number of biological pathways modulate
the contribution of obesity, a known risk

[2]

factor for gastric cancer . By producing
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inflammatory cytokines and adipokines,
chronic inflammation linked to excess
adipose tissue fosters a pro-tumorigenic
milieu that supports the survival and growth
of cancer cells. Obesity also results in
changed hormone profiles, such as elevated
leptin and estrogen levels, which have been
connected to carcinogenesis. Increased IGF
activity, which is frequently seen in obese
people, promotes cell division and prevents
apoptosis, which speeds up the development
of cancer.

By addressing the underlying metabolic
abnormalities linked to obesity, tirzepatide, a
new therapeutic drug for the management of
type 2 diabetes and obesity, may help to
indirectly reduce these risks. Tirzepatide
lowers systemic inflammation and IGF levels
while encouraging substantial weight loss
and enhancing insulin sensitivity. In addition
to enhancing metabolic health, these
impacts might also make the environment
less conducive to the development of
stomach cancer. To fully investigate
tirzepatide's potential in lowering the risks of
cancer associated with obesity and its wider
implications for cancer preventive methods,
more research is necessary.

Recent studies underscore the role of adipose
tissue in secreting bioactive molecules like
leptin and adiponectin. Leptin promotes cell
proliferation and angiogenesis, while reduced
adiponectin levels are linked to cancer-

promoting states .. Therefore, tirzepatide's
capacity to alter these adipokines may help
reduce the incidence of gastric cancer.
Furthermore, the hypoxia that obesity causes
in adipose tissues may worsen local
inflammation and produce an environment
that is favorable for the development of
tumors®™.

Anti-Inflammatory Properties
Tirzepatide has been linked to notable
decreases in pro-inflammatory indicators like
interleukin-6 (IL-6) and C-reactive protein
(CRP). Given that chronic inflammation plays
a crucial role in the initiation and spread of
gastric cancer, these decreases are very
significant. Because they increase cellular
proliferation, block apoptosis, and promote
angiogenesis, elevated levels of CRP and IL-6
contribute to a pro-tumorigenic milieu. The
capacity of tirzepatide to alter these markers
points to the possibility of interfering with
these pathways.

Tirzepatide may prevent the development of
stomach cancer by addressing systemic
inflammation. Its combined action on GLP-1
and GIP receptors not only helps people lose
weight but also increases insulin sensitivity
and decreases pro-inflammatory signals from
adipose tissue. The persistent inflammatory
state, which is essential to the development
and spread of stomach cancer, is reduced by
these effects taken together. The magnitude
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Tirzepatide

Significant
reduction
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Figure 1. Comparative analysis of metabolic effects.
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Figure 2. The pathways impacted by tirzepatide and their possible effects
on gastric tumor cells are compiled in this figure.
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of tirzepatide's anti-inflammatory properties
and their direct relevance to cancer
prevention need to be further investigated ™.
Recent evidence also suggests that tirzepatide
may be able to change the polarization of
macrophages from the pro-inflammatory M1
phenotype to the anti-inflammatory M2
phenotype. By drastically changing the tumor
microenvironment, this change could hinder

the growth of the tumor ™.

Direct Tumor Effects

Research has demonstrated that when
stomach epithelial cells are exposed to
carcinogenic stimuli, a sequence of molecular
processes can occur that may result in
malignancy. Remarkably, it has been
documented that activating the GLP-1
receptor in these circumstances has a
mitigating effect on cellular behaviors linked
to the progression of cancer, specifically by
lowering cell invasion and migration. These
mechanisms are essential for metastasis,
and altering these pathways may provide a
therapeutic approach to the treatment of
gastric cancer™.

Furthermore, by acting on both GLP-1 and GIP
receptors, tirzepatide, a new peptide with
dual agonistic features, may increase the
inhibitory effects on the behavior of gastric
tumor cells. It has been demonstrated that
both GLP-1 and GIP receptor activation may

enhance the inhibition of carcinogenic
processes, indicating that tirzepatide's dual
agonism may enhance the benefits of GLP-1
receptor activation alone. In the context of
treating stomach cancer, this method might
offer a more effective intervention.

The possibility that GLP-1 receptor agonists
may have anti-proliferative and pro-
apoptotic effects, encouraging tumor cell
death and preventing unchecked cellular
growth, is further supported by preclinical
research examining the effects of these drugs
in different cancer models. These results are
especially encouraging since they imply that,
in addition to their established function in
metabolic regulation, GLP-1 receptor
agonists may have therapeutic benefit in
controlling the course of cancer™.

In this regard, tirzepatide's ability to affect
cellular processes involved in gastric
carcinogenesis is highlighted by Figure 2,
which depicts the main signaling pathways it
modulates. These processes, which may
ultimately help to slow tumor development
and metastasis, include the regulation of cell
survival, proliferation, and apoptosis. But
even with these encouraging preclinical
results, there is still a lot of information
missing on tirzepatide's direct effects on
stomach tumor cells. Tirzepatide's
effectiveness as a targeted treatment agent
in gastric cancer cannot be conclusively
established by the available data. Therefore,
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in order to confirm tirzepatide's clinical
relevance in this setting and investigate the
processes underlying its possible anti-cancer
capabilities, more research is needed".

Discussion

Mechanistic Insights

Tirzepatide's dual action provides special
benefits by combining the possible anti-
obesity effects of GIP receptor regulation with
the metabolic advantages of GLP-1 receptor
activation . These processes are consistent
with methods for lowering the risk of gastric
cancer, especially in individuals with
metabolic syndrome.

Mechanistically, through a complex system
that targets both metabolic dysregulation
and possible carcinogenic processes,
tirzepatide produces its therapeutic benefits.
The inhibition of stomach emptying is one of
tirzepatide's primary mechanisms of action,
which are mediated by the stimulation of the
GLP-1 receptor . Tirzepatide decreases the
exposure of stomach tissues to dietary
carcinogens that would otherwise come into
prolonged contact with the gastric epithelium
by delaying gastric emptying. By reducing
the length of time that hazardous stimuli are
present in the stomach, this process may
operate as a preventive factor against
carcinogenesis and potentially reduce the
incidence of gastric cancer.

Additionally, tirzepatide regulates hepatic
lipogenesis and systemic fat deposition
through its impact on the GIP receptor.
Improved metabolic health and fewer
comorbidities linked to obesity have been
linked to decreased hepatic lipogenesis, the
process by which the liver produces fat, as
well as decreased total fat accumulation. The
control of fat metabolism through GIP
receptor activation may further lessen the
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influence of obesity on cancer risk, given the
known association between obesity and an
elevated risk of gastric cancer. Tirzepatide
may help reduce the inflammatory processes
that frequently accompany obesity by
reducing the buildup of extra fat, which may
reduce the risk of cancer progression™*,

In summary, tirzepatide offers a thorough
method of lowering the risk of gastric cancer
due to its dual action through GLP-1 and GIP
receptor activation. In addition to treating the
metabolic dysregulation that underlies
obesity and hyperinsulinemia, tirzepatide
offers a potential defense against the
carcinogenic implications of these disorders
by slowing stomach emptying, enhancing
insulin sensitivity, and modifying fat
metabolism. Although more research is
required to completely clarify tirzepatide's
potential in cancer prevention, these
combined effects highlight it as a possible
therapeutic option for people with metabolic
syndrome and an elevated risk of gastric

cancer™.

Challenges and Controversies

GLP-1 receptor agonists have a favorable
profile, although questions about their long-
term safety still exist. Although there is
currently insufficient evidence to clearly link
these medications to the risk of cancer, some
preclinical research has shown that they
promote cell proliferation in particular
regions "!. Addressing these concerns
requires thorough, long-term research.

It is still up for debate whether excessive GLP-
1 receptor activation might cause hyperplasia,
dysplasia, or other adverse effects on the
stomach mucosa. There are worries about the
long-term implications of excessive or
prolonged activation, even if GLP-1 receptor
stimulation has demonstrated encouraging
therapeutic results in terms of enhancing
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metabolic health". Important safety concerns
are raised by the potential for overactivation
to cause cellular alterations in the stomach
lining, such as dysplasia (abnormal cell
formation) or hyperplasia (increased cell
proliferation). If untreated, such changes may
raise the risk of harm to the stomach mucosa
oreven cancer"’.

Preclinical evidence on this topic is
conflicting, nevertheless, and needs to be
carefully examined. Results from research
using animal models have been mixed; some
have found no appreciable alterations in the
histology or function of the stomach, while
others have suggested negative effects
linked to GLP-1 receptor overactivation. The
interpretation of these results is complicated
by the differences in results between various
animal species, experimental setups, and
dosages. Therefore, it is unclear how these
findings relate to human health, and more
investigation is required to determine
whether overactivation of the GLP-1 receptor
actually endangers the integrity of the
stomach mucosa®.

In addition to these issues, the clinical use of
tirzepatide may be made more difficult by
individual differences in reaction to the
medication. Individual responses to
tirzepatide may be influenced by genetic
variations in GLP-1 and GIP receptor
expression, which could impact the
medication's effectiveness and safety. The

success of individualized treatment plans
may be impacted by differences in
therapeutic results among patients caused
by variations in receptor density, signaling
. For

[11]

pathways, or receptor sensitivity
example, tirzepatide's actions may be
increased or decreased in people with
changed receptor expression, which could
change the drug's metabolism and possible
anti-cancer properties.

The intricacy of these hereditary variables
emphasizes the necessity of additional
research into the molecular processes
influencing each person's reaction to
tirzepatide. By reducing potential hazards
and optimizing the therapeutic benefits of
tirzepatide, a better understanding of these
genetic variables may eventually result in
more individualized and efficient treatments.
The therapeutic application of tirzepatide,
especially in the context of gastric health and
cancer prevention, will require careful
interpretation of preclinical findings and
consideration of individual genetic profiles
until such data becomes available™.

Implications for Clinical Practice

Tirzepatide's combined benefits in treating
diabetes and obesity make it a promising
treatment option for lowering cancer risk,
especially in high-risk groups. Tirzepatide's
ability to enhance metabolic regulation and
lower obesity may work as a preventive
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intervention, addressing underlying causes
that contribute to the development of cancer,
since these conditions are known risk factors
for a number of malignancies, including
gastric cancer. It provides a comprehensive
strategy to lower cancer risk in people with
metabolic syndrome by acting on the GLP-1
and GIP receptors, which improve insulin
sensitivity, encourage weight loss, and alter
fat metabolism.

Notwithstanding its potential, tirzepatide's
incorporation into oncology as a therapeutic
or preventive measure necessitates thorough
and exacting evaluation. Specialized trials
must be carried out to assess the drug's
safety, effectiveness, and potential long-
term effects in the context of cancer
prevention, even though preclinical and
early-stage clinical data offer insightful
information about how the drug affects
metabolic health and cancer-related
processes. These studies should evaluate
tirzepatide's direct impact on cancer-related
pathways, such as tumor development,
metastasis, and progression, in addition to
metabolic endpoints. Additionally, it will be
essential to keep an eye out for any negative
consequences, such the possibility of
hyperplasia or dysplasia, especially in people
who already have stomach disorders.
Tirzepatide's effects on cancer risk must be
definitively shown through well planned
clinical trials that particularly examine its role
in cancer prevention or treatment before it
can be considered for wider oncology uses.
For high-risk patients, this would entail
investigating its potential as a component of
a customized treatment plan based on
individual metabolic variables and genetic
analysis.
Furthermore, before tirzepatide is
extensively used in oncology settings, its
long-term safety profile in cancer patients
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needs to be fully validated, just like with any
new therapeutic method.

Further clinical research is necessary before
tirzepatide may be fully included into
oncology practice, despite the fact that it
shows great promise as a strategy for
reducing cancer risk in high-risk groups. Its
significance in cancer prevention and
treatment will only be completely known and
proven by specialized trials that evaluate
both its metabolic advantages and cancer-
related outcomes"”.

This treatment may be used to treat
metabolic abnormalities that make people
more susceptible to stomach cancer as an
addition to current cancer prevention
measures. In order to target interventions to
those who are most likely to benefit,
screening techniques may include metabolic
markers as part of risk assessment . In order
to apply these findings in clinical practice,
cooperation between endocrino-logists,
gastroenterologists and oncologists will be
essential.

Future Research Directions
To completely grasp tirzepatide's potential in
cancer prevention and therapy, especially in
high-risk populations, future research should
concentrate on a few crucial areas. These
research fields will be essential for assessing
tirzepatide's long-term effects in oncology as
well as its safety and effectiveness. Future
research ought to be directed by the following
primary priorities:

e long-term safety assessments of
tirzepatide in cancer-prone populations
Evaluating tirzepatide's long-term safety
in people at high risk of cancer, especially
those with metabolic disorders such
obesity, diabetes and metabolic
syndrome, will be a crucial component of
future study. It is crucial to look into any
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possible long-term unfavorable
consequences, such as the potential for
tumorigenic alterations or other
detrimental effects on the stomach or
other tissues, even though short-term
studies have shown its metabolic
benefits. This will assist in determining
whether tirzepatide is still safe for long-
term usage in groups with an increased
risk of cancer and whether any treatment
modifications or monitoring procedures
are required™".

Analysis of its impact on the tumor
microenvironment in models of gastric
cancer

To comprehend tirzepatide's possible
function in the prevention and treatment
of gastric cancer, it is imperative to look
into its direct effects on the tumor
microenvironment (TME) . Tumor cells,
stromal cells, immune cells, and
extracellular matrix are some of the
components that make up the TME, and
each one has the potential to affect how
quickly a tumor grows and spreads.
Researchers can learn whether
tirzepatide influences important facets of
tumor biology, including immune cell
infiltration, inflammation, angiogenesis,
and extracellular matrix remodeling, by
investigating its interactions with the
TME. To fully evaluate tirzepatide's
therapeutic potential, it is necessary to

comprehend these interactions in order to
determine if the drug directly or indirectly
affects tumor growth and metastasis™.

e FExamining the relationship between
metabolic regulation, genetic
predisposition, and tirzepatide
effectiveness
Examining how genetic factors may affect
tirzepatide's efficacy, particularly in
regard to metabolic control, is another
crucial line of inquiry for future studies.
Individuals' reactions to tirzepatide may
be influenced by genetic differences in
the expression of GLP-1 and GIP
receptors, as well as other variables
affecting insulin sensitivity and fat
metabolism "?'. Researchers could
customize treatment plans to optimize
advantages and reduce dangers for
certain patients by finding genetic
markers that indicate responsiveness to
tirzepatide. Furthermore, knowing how
metabolic control and genetic propensity
to cancer interact may help to clarify how
tirzepatide may affect cancer risk and
provide individualized treatment plans ™.

Conclusion

With possible implications for the prevention
of gastric cancer, tirzepatide is an exciting
addition to the metabolic therapy repertoire.
Tirzepatide, a dual agonist that targets both
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the GLP-1 and GIP receptors, may help
address a number of important risk factors
linked to gastric carcinogenesis, such as
systemic inflammation, obesity, and insulin
resistance. Tirzepatide is a viable option for
modifying the underlying metabolic
abnormalities that lead to the development
of gastric cancer because these parameters
have been directly associated with the onset
and progression of the disease. Tirzepatide
may lower the overall risk of gastric cancer in
high-risk groups by addressing these
metabolic abnormalities, especially in those
with metabolic syndrome, which is frequently
typified by obesity, insulin resistance, and
chronicinflammation .

Nevertheless, despite its apparent metabolic
advantages, there is still a dearth of hard
evidence that tirzepatide directly correlates
with cancer outcomes, especially when it
comes to gastric cancer. There is currently
little study analyzing the drug's direct impact
on tumor biology, cancer prevention, or
cancer-related pathways; instead, the
majority of the information focuses on how
the medicine affects metabolic parameters.
This disparity emphasizes the need for more
research on tirzepatide's possible application
in cancer treatment. Clarifying its effect on
tumor biology, assessing its potential in
combination therapies, and comprehending
its long-term consequences for cancer
prevention and therapy are some of the main
areas that future study should focus on.
Future studies must examine tirzepatide's
interactions with current cancer treatments,
taking into account any unanticipated
hazards as well as any possible synergistic
effects. Examining its application in
conjunction with other substances, like
immunotherapies or chemotherapeutic
medications, may improve its therapeutic
potential by focusing on several pathways
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implicated in the development of cancer "”.

Determining tirzepatide's clinical relevance
in oncology will also require an understanding
of its long-term consequences, particularly
regarding tumor growth, metastasis, and the
likelihood of unfavorable outcomes such
hyperplasia or dysplasia.

More cooperation across the metabolic and
cancer research domains will be necessary to
fully realize tirzepatide's potential as a cancer
prevention or treatment approach. A more
thorough understanding of how metabolic
medicines like tirzepatide can affect tumor
biology and cancer risk will be possible by
bridging these two fields of expertise. The
creation of more individualized treatment
plans that are suited to the distinct metabolic
profiles of people at risk for gastric cancer
and other cancers may result from such
interdisciplinary collaboration. In conclusion,
tirzepatide exhibits a lot of potential, but its
implementation in oncology practice
necessitates a concentrated effort to
investigate its effects on cancer outcomes
through focused research and cooperation
between the scientific groups that study
metabolism and cancer.
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