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Gastrointestinal cancers account for a signifcant health concern as the existing treatment modalities, such as surgery,
chemotherapy, and radiation therapy, exhibit considerable drawbacks, including a high probability of recurrence, in-
sufcient drug specifcity, and severe adverse efects. Hence, novel therapeutic approaches and enhanced tissue-specifc
targeting are required. Nanomedicine is a feld of medicine that uses nanoscale carriers for targeting and administering
drugs or diagnostic agents to particular tissues. In the feld of nanomedicine, chitosan nanoparticles are well-established
delivery technologies used as polymeric carriers. Chitosan is a natural carbohydrate that is biocompatible, biodegradable,
polycationic, and mucoadhesive. Chitosan has shown promise in the administration of chemotherapeutic drugs, gene
therapy, and immunotherapy for the treatment of gastrointestinal cancers. Te limited water solubility of chitosan is one of
its major disadvantages as a drug delivery system. Tus, solubility may be increased by chemically treating chitosan.
Chitosan derivatives improve the activity, selectivity, biocompatibility, and therapeutic dose reduction of anticancer drugs
when used in hydrogel, emulsion, surfactant formulations, and nanoformulation. Chitosan and its derivatives have shown
efectiveness in nanoparticle production and exhibit unique surface properties, enabling them to interact selectively with
gastrointestinal tumors through both active and passive targeting mechanisms. Tis review focuses on the molecular
signaling pathways of chitosan nanoparticles and their derivatives as potential anticancer agents. Te potential of future
chitosan applications in gastrointestinal cancers is additionally highlighted.
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1. Introduction

Te majority of cancer-associated mortality is caused by
gastrointestinal (GI) malignancies, which mostly include
esophageal, gastric, colorectal, pancreatic, and hepato-
cellular carcinomas [1–4]. Incidence rates of GI cancers
vary across industrialized and developing countries [4].
Te mortality rate of GI malignancies has remained
constant despite diverse treatment methods, leading to
a vast worldwide burden of disease and an unfavorable
prognosis. Te poor survival rates of GI cancer patients
are primarily attributable to the following conditions:
delayed diagnosis at late stages, lack of prognostic in-
dicators, progression of recurrence and metastasis, and
treatment resistance [1, 5]. A signifcant proportion of
cancer patients depend on chemotherapy drugs to reduce
the burden of malignant tumors and prolong their lives
[6]. Although chemotherapy improves the efcacy of
cancer treatments, some patients may experience adverse
efects [7]. Chemotherapeutic medicines have several
drawbacks, including high dose needs, poor absorption,
a low selectivity index, nonspecifc interactions, and the
emergence of drug resistance [8, 9]. Terefore, creating
a suitable drug delivery system (DDS) that may suc-
cessfully reduce the therapeutic dosage or frequency of
anticancer medications while attenuating their adverse
efects is urgently needed [10].

Existing data support the urgent need for more targeted
therapies to improve therapeutic efectiveness and lessen
side efects [7, 11]. Drug administration to specifc tissues,
organs, cells, or subcellular structures is accomplished using
various DDSs. To improve pharmacological efectiveness,
mitigate problems such as poor bioavailability, restricted
solubility, inadequate selectivity, and insufcient biological
distribution, or lessen adverse efects, it is necessary to
control drug release and absorption [12]. To overcome the
drawbacks of insoluble medications, lessen the adverse ef-
fects of hazardous pharmaceuticals, and extend their half-
life, polymer-based DDSs have the potential to improve
current disease treatment techniques.

Recent studies have shown that chitosan (CS)-based
derivatives are exciting, adaptable, and biocompatible
[13–17]. Chitin is a naturally existing biopolymer that is
found in fungal cell walls, crustacean shells, and insect
exoskeletons. CS is chitin in its partial deacetylated form.
Tis substance is a linear copolymer whose chemical
composition consists of b-(1/4)-2-amino-d-glucose and b-
(1/4)-2-acetamido-d-glucose subunits. According to reports
[18, 19], CS has been shown to have a variety of adaptive
biological properties, including biocompatibility, bio-
degradability, and a comparatively low degree of toxicity. CS
is a potential biomaterial as it has been shown to induce
a modest immunological response in the mammalian system
after injection, implantation, topical treatment, or ingestion
[20, 21]. Because of its biological features, which include
antioxidant, anticancer, antibacterial, anti-infammatory,
and immunostimulatory activities, the biopolymer has been
widely used in various industries, including food industry,
agriculture, biomedical, pharmaceutical, and tissue

engineering [22]. Terefore, it has been acknowledged as
a unique physiologically bioactive substance [23–25].

Te focus of this review will be the molecular signaling
pathways and therapeutic implications of CS and its derivatives
as potential anticancer agents in GI cancers. Te detailed ab-
breviations and defnitions used in the paper are listed in Table 1.

2. CS-Based Nanomedicine in the Treatment of
GI Cancers: A Challenge to
Conventional Therapy

Te administration of drugs by oral route has signifcant
potential. However, it is crucial to address many physio-
logical obstacles inside the GI tract, such as stomach pH, GI
enzymes, the mucus layer, and efux pumps. Overcoming
these barriers is necessary to ensure the medication reaches
the systemic circulation and efectively produces its desired
efects at the intended site of action. Various barriers exist
that restrict the absorption of several medications, such as
anticancer, anti-infammatory, and antibacterial treatments.
Consequently, these problems also hinder the oral bio-
availability of these drugs [26–30].

However, the administration of conventional chemo-
therapy for GI cancer involves its own challenges, including
limited specifcity and selectivity, resulting in potential harm
to healthy cells and tissues. Inadequate infltration and per-
sistence inside tumor tissues lead to a decrease in therapeutic
efectiveness. Development of drug resistance and toxicity,
constraining the dose and duration of treatment [31, 32], and
insufcient early detection and real-time monitoring result in
delays in intervention and therapy evaluation [31].

To overcome these GI hurdles, researchers have invented
and developed medication delivery vehicles. CS is thought to
be a good candidate for bioinspired drug delivery because it
is made up of polymers that come from natural sources and
have a lot of diferent functional groups. Tis characteristic
allows for the chemical modifcation of CS to enhance its
physiochemical properties, such as permeating-enhancing
efect, mucoadhesive capabilities, efux inhibition, and
controlled drug release [33]. Te use of CS nanoparticles
(CSNPs) in treatment exhibits considerable potential for
addressing these obstacles, as it capitalizes on the distinctive
biological, chemical, and physical attributes of nano-
materials. Tere are many benefts associated with
nanoparticle-based treatments. Te use of microenviron-
ments, molecular markers, or external stimuli allows for the
precise targeting of tumor cells and tissues, resulting in high
levels of specifcity and selectivity. Te use of nanocarriers
with suitable shape, charge, size, and surface modifcation
may lead to improved drug delivery and release, resulting in
enhanced penetration and retention inside tumor tissues
[31, 32]. Te utilization of nanomaterials possessing bio-
degradability, biocompatibility, or stimulus responsiveness
has the potential to enhance the therapeutic index and safety
of treatments by mitigating drug resistance and toxicity.
Additionally, the application of nanomaterials with mag-
netic, optical, electrical, or electrochemical properties holds
promise for improved diagnosis and monitoring, enabling
early detection and real-time imaging of tumors [34, 35].
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Hence, the use of nanoparticle-based therapy presents
a promising avenue for enhancing the efcacy and custom-
ization of treatment forGI cancers. Nevertheless, some obstacles
and constraints persist in the practical implementation of
nanoparticle-based treatments. Tese include issues related to
biodistribution, stability, immunogenicity, clearance, and reg-
ulatory aspects of nanomaterials [31, 32]. Further investigation
and experimentation are required to efectively tackle these
challenges and enhance the efciency and implementation of
nanoparticle-mediated treatment for GI cancers.

3. CS and Its Derivatives: Natural and
Biological Properties

CS is a linear amino polysaccharide composed of monomeric
units of N-acetyl-D-glucosamine and β-D-glucosamine linked
by β-bonds [36, 37]. Tis biopolymer has multiple attractive

properties such as reactive functional groups for function-
alization and crosslinking [38], solubility in acidic aqueous
media, biodegradability, nonoxidation, biocompatibility,
muco-adhesivity, and FDA approval for use in dietary
products and wound dressings [39, 40]. CS is found in
several natural resources, such as invertebrate shelves
[41, 42]. Lobsters, shrimp, crayfsh, crabs, and oysters are the
most familiar sources of CS preparation [43].

Chitin is a rich organic polymer composed of N-acetyl-
D-glucosamine monomers that are linked together. Partial
deacetylation of chitin, resulting in the absence of β-1,4-D-
glucosamine functional groups in the repeating units, leads
to the formation of CS [44].Te degree of acetylation (DA) is
determined by the mole fraction of N-acetylated repeating
units. In contrast, the degree of deacetylation (DD) is de-
fned as the percentage of β-1,4-D-glucosamine repeating
units in the polysaccharides [12, 45, 46]. CS may be

Table 1: List of abbreviations.

Abbreviation Full description
GI Gastrointestinal
NPs Nanoparticles
DDS Drug delivery system
CS Chitosan
CSNPs Chitosan nanoparticles
DA Degree of acetylation
DD Degree of deacetylation
MW Molecular weight
CMC Carboxymethyl chitosan
SBCS Sulfated benzaldehyde chitosan
PPC Polypyrrole-chitosan
CTC Chitosan-thymine conjugate
SCS Sulfated chitosan
IL Interleukin
IFN Interferon
NF-Kb Nuclear factor kappa-light-chain-enhancer of activated B cells
TGF-β Transcriptional growth factor beta
EAC Ehrlich ascites carcinoma
TNF-α Tumor necrosis factor α
VEGF Vascular endothelial growth factor
COS Chitosan oligosaccharide
EC Esophageal cancer
EAC Esophageal adenocarcinoma
ESCC Esophageal squamous cell carcinoma
FGF Fibroblast growth factor
HGF Hepatocyte growth factor
CAFs Cancer-associated fbroblasts
EMT Epithelial-mesenchymal transition
GC Gastric cancer
CdtB Cytolethal distending toxin
BRAF v-Raf murine sarcoma viral oncogene homolog B1
HCC Hepatocellular carcinoma
TACE Transarterial chemoembolization
MMP-9 Matrix metalloproteinase-9
CRC Colorectal cancer
TOPK T-lymphokine-activated killer cell (T-LAK)-originated protein kinase
PC Pancreatic cancer
EGFR-1 Epidermal growth factor receptor-1
SiRNAs Small interfering RNAs
MRNAs Messenger RNAs
v7-CMG 7-silica-coated gold nanoparticle
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categorized into low-molecular-weight, medium-molecular-
weight, or high-molecular-weight CS based on its DD. Te
efcacy of low-molecular-weight CS has been demonstrated
in terms of solubility enhancement, size reduction, and
stability of nanocrystal formulation. As a result, it is
regarded as a promising nanocarrier for the development of
oral sustained-release drugs with the aim of enhancing
bioavailability [47]. Generally, CS oligosaccharide refers to
CS with a molecular weight of up to 10 kDa, which is derived
from the degradation of CS.Tis form of CS displays a range
of interesting biological properties dependent on its mo-
lecular weight, including antitumor activities [48]. Conse-
quently, there have been numerous investigations aimed at
transforming CS into CS oligosaccharides possessing dis-
tinct molecular weights, to discover more efcient nano-
carriers that exhibit both cost-efective and eco-friendly
characteristics. CS is widely acknowledged as a polymer that
is both biocompatible and safe. Te cationic property of CS
is considered one of its most signifcant features. CS pos-
sesses an advantageous characteristic as an ideal drug carrier
due to its ability to enhance bonding to the negatively
charged mucosal surface through electrostatic interaction.
Tis property facilitates the absorption of drugs into targeted
cells [42, 49]. CS is generally regarded as a safe biomaterial
due to its low or negligible toxicity, as indicated by most
research studies. CS exhibits various biomedical charac-
teristics, including antitumor, antimicrobial, and hemostatic
activities, contingent upon the CS’s DD and MW [50]. Te
degree of deacetylation is a crucial parameter in the CS
structure as it represents the unbound amino groups.
Various methods can be employed to determine DD, and it
plays a signifcant role in the physical, chemical, and medical
properties of CS [51]. Te positive charge density and the
capacity to bind with DNA or siRNA are determined by it.
Increased DD can enhance transfection efcacy by evading
the endolysosomal compartment. CS can also be classifed
into four distinct forms based on its DD percentage. Tese
forms include low-DD CS, medium-DD CS, high-DD CS,
and ultra-high-DD CS. Te DD values for these forms range
between 55–70%, 70–85%, 85–95%, and 95–100%, re-
spectively. In general, it can be observed that NPs with high
surface charge density are produced with high DD, which
can lead to an improvement in cell uptake and antitumor
efcacy [52]. Te chemical and physical properties of CSNPs
are signifcantly impacted by their molecular weight. Typ-
ically, an increase in molecular weight (MW) enhances the
stability of CS-based complexes and prolongs the duration of
nanoparticle circulation in the bloodstream. However, this
also leads to a delay in their dissociation and subsequent
impact on cells, ultimately ensuring a high level of tumor
selectivity. Conversely, decreased MW has the opposite
efect, as reported in previous studies [52].

Te biochemical efcacy of CS particles is signifcantly
infuenced by the attributes of CS and its derivatives. It is
essential to acknowledge that these factors do not operate in
isolation but rather exert a collective infuence on the CS
conjugates. Terefore, it is imperative to maintain a balance
between stability, solubility, and nanoparticle deformability
to achieve optimal efcacy of in vivo tumor targeting. Te

physical, biochemical, and antitumor efcacy of CS can be
infuenced by the degree and location of substitutions that
are grafted onto it. Te location of carboxymethylation on
CS has been found to impact the deformability and stability
of nanoparticles. Tis factor is closely associated with the
cellular absorption and antitumor efcacy of conjugates of
carboxymethyl CS (CMC). Te signifcant impact of hy-
drophobic groups and deoxycholic acid abundance on
nanoparticle size, drug loading content, and entrapment
efciency is evident. Te solubility of CS in acidic conditions
is determined by the prevalence of protonated NH2 groups
in its structure, which possess a pKa value of approximately
6.5. Te solubility range of CS can be altered through the
utilization of hydrogen bond disruptors, including but not
limited to urea or guanidine hydrochloride. Indeed, a diverse
spectrum of solubility can be attained via the chemical or
physical disruption of hydrogen bonding. Functional groups
such as glycosidic bonds and acetyl amine groups can fa-
cilitate many modifcations, resulting in the creation of
polymers that display novel characteristics and behaviors.

Moreover, from a technical perspective, the viscosity of
polymers constitutes a crucial parameter, as solutions with
high viscosity pose challenges in handling [53, 54]. Te
comprehensive selection of suitable CS as nanocarriers
necessitates thoroughly considering the interplay between
the abovementioned factors, payload characteristics, nano-
particle preparation techniques, and targeted ailments [54].
Numerous CS derivatives have been synthesized to improve
the properties of CS or incorporate new functions or
properties into it. Te CS skeleton possesses multiple amino
and hydroxyl groups that can be selectively modifed, en-
hancing its water solubility and conferring novel func-
tionalities such as targeted and environmentally responsive
drug delivery. Tese modifcations can improve the thera-
peutic efcacy of CS while minimizing undesirable side
efects. Today, several CS derivatives are commonly utilized
as drug carriers, such as ethylene glycol CS, CMC, trimethyl
CS, thioCS, CS hydrogels, and CS-modifed hydrogels
[55–59].

4. CS and Its Derivatives: Anticancer Activity in
GI Cancers and Corresponding Molecular
Signaling Pathways

Te utilization of CS, a biopolymer of natural origin, has
been documented to exhibit preventive efects against car-
cinogenesis through the regulation of antioxidant, anti-
angiogenic, infammatory, and apoptotic pathways [60–62].
CS has been utilized to augment bioavailability, drug release,
and drug cytotoxicity, as evidenced by previous studies
[63, 64].

CS and its derivatives, namely CMC, sulfated benzal-
dehyde CS (SBCS), polypyrrole-CS (PPC), CS-thymine
conjugate (CTC), and sulfated CS (SCS), have demon-
strated potential anticancer properties against various types
of cancer cells, including GI cancer cells [60, 65]. Te
antiproliferative activity of low-molecular-weight water-
soluble CSs (21 and 46 kDa) was observed toward cancer
cells, whereas water-soluble CS with a high molecular weight
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of 130 kDa did not exhibit any antitumor activity. Te ac-
tivation of macrophages was observed through the pro-
duction of cytokines such as interleukin (IL)-12, interferon
(IFN)-c, and IL-18 from the intestinal intraepithelial lym-
phocytes due to the administration of CSs with molecular
weights of 21 and 46 kDa [66]. According to a study, low-
molecular-weight CS can arrest the progression of cancer
cells during the G1/S phase and induce apoptosis [67]. In
addition, it has been observed that CS plays a regulatory role
in genes related to the cell cycle, such as Cdc25A, p21/Cip,
and p27/Kip. Moreover, by modulating the signaling
pathways mediated by the nuclear factor kappa-light-chain
enhancer of activated B (NF-kB) cells, it induces apoptosis
and upregulates transcriptional growth factor beta (TGF-β)
[67, 68]. CTC exhibited antiproliferative efects on HepG2
liver carcinoma cells but not on NIH3T3 normal murine
fbroblast cells. Tis suggests a targeted approach to cancer
cells [69]. PPC exhibited anticancer properties against
Ehrlich ascites carcinoma (EAC) cells, as reported in
a previous study [70]. In addition, it was observed that PPC
and CTC exhibited antimicrobial properties, suggesting
their potential utility in mitigating secondary infections
among individuals with cancer [70, 71]. CMC was found to
enhance the immune response by upregulating the levels of
tumor necrosis factor α (TNF-α) and interferon c (IFN-c),
while simultaneously reducing angiogenesis by reducing the
expression level of vascular endothelial growth factor
(VEGF) [72]. Tis property of CMC makes it a potential
candidate for the transportation of chemotherapeutic drugs
such as 5-fuorouracil and doxorubicin, as well as anticancer
agents such as curcumin [8]. Similarly, the anticancer po-
tential of SBCS and SCS was observed through the induction
of apoptosis and inhibition of FGF-2-mediated activation of
extracellular signal-regulated kinases in cancer cells [73].
Regarding IC50 value, SBCS exhibited slightly greater po-
tency than SCS, between the two aforementioned de-
rivatives. Furthermore, the apoptotic activity exhibited by
SBCS and SCS was notably higher than that of CS. According
to a study, the induction of apoptosis in cancer cells was
notably higher (over 46%) when compared to CS [73].
Additionally, the anticancer properties of CS oligosaccharide
(COS) have been observed in both positively and negatively
charged Hep3B (hepatocellular carcinoma cells) and SW480
(colorectal cancer cells). Te IC50 value indicated that SCOS
with a negative charge exhibited greater potency toward
SW480 cells than QCOS with a positive charge. According to
a study conducted, it was observed through fuorescence
microscopic analysis and DNA fragmentation that the
charged COS derivatives led to necrosis instead of apoptosis
[74]. Te antiproliferative activity of chitopentaose, chito-
hexose, chitobiose, and chitotriose is analogous to COS. Te
downregulation of prosurvival protein Bcl-xL and cell cycle-
associated cyclin D1 mRNA expression by chitohexose
resulted in the induction of apoptosis [10, 75] (Figure 1).

4.1. Esophageal Cancer. Esophageal cancer (EC) ranks as the
sixth most common cause of cancer-related mortality
globally. It is the second most lethal GI cancer, accounting

for approximately 5% of all cancer-related mortalities [76].
EC is composed of two primary histological subtypes that
exhibit unique clinicopathological features: esophageal ad-
enocarcinoma (EAC) and esophageal squamous cell carci-
noma (ESCC) [77]. Despite the signifcant advancements in
therapeutic modalities in recent years, the quality of life for
patients remains suboptimal, and the 5-year survival rate is
typically below 40% [78]. Tis is primarily because EC is
frequently asymptomatic in its early stages. Furthermore, it
is common for EC to give rise to micrometastases during the
initial phases.Te proportion of EC patients who are suitable
for immediate surgical intervention upon diagnosis is only
10% [77]. Resectable EC is typically managed through
a multimodal approach involving surgical intervention, with
or without adjuvant chemotherapy, and chemoradiotherapy
[79, 80]. Chemotherapy, chemoradiotherapy, immuno-
therapy, and targeted therapy are potential treatment op-
tions for patients declared inoperable [81–83]. Additionally,
several potential therapeutic interventions, including ther-
motherapy, photothermal therapy, and oxidation therapy,
have been proposed to manage EC [77, 84, 85]. However,
despite their therapeutic benefts, these strategies can po-
tentially cause recurrence and result in the rapid destruction
of healthy cells. Although systemic drugs and therapies can
restrict tumor growth to a certain degree, they often lack
specifcity in distinguishing between normal and malignant
cells, leading to nonselective cytotoxicity and adverse efects.
In addition, the targeting of cells within a tumor by certain
drugs may not always be a viable option due to limited
difusion capabilities and challenges in regulating the drug
release mechanism, which can be attributed to the un-
predictable nature of the approach. Hence, there is an urgent
need for therapeutics that can actively and passively target
malignant cells [86, 87].

It has been found that the proliferation of tumor cells in
EC has been linked to the expression of fbroblast growth
factor (FGF) and hepatocyte growth factor (HGF) in cancer-
associated fbroblasts (CAFs) [88]. Te signaling molecule
wnt2, derived from CAF, was found to have the ability to
augment the process of epithelial-mesenchymal transition
(EMT). Te observed phenomenon relates to the loss of
intracellular adhesion and polarity by neoplastic cells de-
rived from epithelial tissue. According to a previous study
[89], it is possible to induce the transformation of these cells
into mesenchymal cells that possess the ability to migrate
and invade. Te protein levels of cancer-associated fbro-
blasts are signifcantly associated with an unfavorable
prognosis in patients diagnosed with EC. It has been ob-
served that specifc proteins, namely, periostin, α-smooth
muscle actin, and CD-10, exhibit a correlation with un-
favorable patient survival outcomes [90]. Te signifcance of
fbroblasts in EC is apparent as they are linked to an un-
favorable prognosis, invasion, and migration of tumor cells.
Te process of tumor development includes a wide variety of
chemokines released by malignant cells. Chemokines such as
CXCR7, CCR5, CXCR4, and SDF-1α have been identifed.
Te manifestation of CXCR4 in EC has been demonstrated
to be associated with tumor dissemination and an un-
favorable long-term prognosis [91]. Te involvement of
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CXCR4 and its ligand, SDF-1α, in the metastasis of EC was
observed in an in vivo model [92]. Te precise function of
CCR5 and CXCR7 in esophageal cancer remains in-
adequately comprehended; however, in breast cancer, their
involvement in proliferation and metastasis has been
established [93, 94]. Terefore, it can be inferred that che-
mokines are crucial as metastatic genes in the context of EC.
Targeting metastatic genes is crucial for developing an ef-
fcient treatment approach for EC [95].

Studies have been consistently conducted by re-
searchers investigating the utilization of nanomedicine in
the treatment of EC, revealing that the platform system of
nanomedicine holds promising clinical potential for EC
treatment [96–99]. Te researchers utilized a CAF cell line
obtained from a patient with metastatic EC to investigate
the potential of CSNP treatment to alter the metastatic
phenotype of cancer cells. Tis approach has been pre-
viously explored for human gastric carcinoma cells. Tis
study involved the use of diverse molecular and cellular
markers [100]. Te fndings of a recent study indicate that
CSNPs may possess antimetastatic properties, as evi-
denced by the observed downregulation of CXCR7, CCR5,
CXCR4, and SDF-1α expression in esophageal cancer cells
treated with the indicated nanoparticles. Additional evi-
dence supporting the hypothesis of the antimetastatic
properties of CSNPs was obtained through the scratch
assay. Te results indicated that the treated esophageal
cancer cells did not exhibit metastatic activity in the
scratched region. Te observed reduction in the expres-
sion of multiple genes upon administration of CS suggests
its potential as a pharmacological agent for managing
metastatic cancer. Terefore, it is imperative to ac-
knowledge that CS possesses inherent pharmacological
properties and should not solely be regarded as a vehicle
for drug molecules [95]. Terefore, the utilization of
CSNPs for the encapsulation of an anticancer drug has the
potential to serve as a dual approach in the fght against

cancer, as it can target both tumor-associated fbroblasts
and cancer cells [101] (Figure 2, Table 2).

4.2. Gastric Cancer. Annually, 990,000 individuals world-
wide are diagnosed with gastric cancer, resulting in roughly
738,000 fatalities. According to research, gastric cancer (GC)
ranks as the fourth most prevalent type of cancer and is the
second leading contributor to cancer-related mortality
[118, 119]. According to research, the occurrence rate of
gastric cancer is signifcantly greater in males than females,
with a ratio of 2 to 3 [4, 120]. Gastric carcinoma and gastric
antrum cancer are prevalent forms of gastric cancer, with
gastroesophageal junction cancer representing an emerging
subtype that is rapidly on the rise. Te incidence of gastric
cancer is gradually increasing in the younger age group
[121]. Gastric cancer exhibits certain features, such as ele-
vated rates of metastasis and mortality, coupled with re-
duced rates of timely detection, radical resection, and 5-year
survival [122]. Surgical intervention and subsequent che-
motherapy have been employed in treating patients di-
agnosed with early-stage gastric cancer, resulting in a 5-year
survival rate of 90% postoperation. Moreover, in the later
stages of the disease, certain cases may not be amenable to
surgical intervention, and the likelihood of metastasis is
elevated in these individuals, resulting in an unfavorable
prognosis [104, 119]. Terefore, developing an appropriate
DDS for chemotherapeutic drugs in the treatment of gastric
cancer has been a signifcant area of interest among re-
searchers in recent years.

Notwithstanding the recent progress in gastric cancer
therapy, various challenges such as drug resistance, local
recurrence, and hematogenous metastasis have led to
treatment failure. A primary concern in the application of
chemotherapeutic drugs pertains to identifying a suitable
drug delivery mechanism that can efectively address
existing challenges, such as tolerance to gastric pH, limited

Figure 1: Biological and cellular efects of CS and its derivatives in various GI cancers.
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water solubility, and intracellular difusion [123]. Te ad-
vancement of DDS has the potential to signifcantly con-
tribute to the management and outcome of gastric cancer.

CS has emerged as a viable polymer for the development
of DDS in various cancer research studies, including those
focused on gastric cancer. CS has been identifed as a suitable
compound for delivering chemotherapy drugs in cancer
therapy owing to its exceptional biocompatibility and bio-
degradability. Additionally, CS’s mucoadhesive and cationic
properties improve its interaction with mucous membranes,
facilitating transmucosal drug delivery [124]. CSNPs can
serve as carriers for administering drugs that are both hy-
drophilic and hydrophobic [125].Te process of conjugating
chemotherapeutic drugs involves the participation of mul-
tiple free amine groups. Norcantharidin is a potential an-
ticancer drug, and a recent study conjugated it with CMC by
an amidation process. Tis study aimed to evaluate the
antitumor efcacy of the conjugate against gastric tumors
and compare it with that of the unbound or unconjugated
state of the drug. Te fndings indicated that the drug
conjugated with CMC signifcantly inhibited the pro-
liferation, tube formation, and migration of gastric tumor
cells. Te CMC-conjugated variant exhibited a higher ef-
cacy in triggering apoptosis of gastric tumor cells than the
unbound drug. Furthermore, the administration of CMC
resulted in a notable reduction in systemic toxicity and
a concomitant enhancement of the anticancer properties of
norcantharidin. Te study fndings indicated that the ad-
ministration of CMC resulted in an upregulation of Bax and
TNF-α gene expression while downregulating the gene
expression of MMP-2, MMP-9, VEGF, and Bcl-2. Tese

results suggest that CMC has potential as a conjugative agent
for gastric cancer therapy [126]. A recent study was con-
ducted to assess the efcacy of a ligand-based approach
utilizing CSNPs for treating gastric cancer. Docetaxel,
a chemotherapy medication, was attached to N-deoxycholic
acid glycol CSNPs in this study. Additionally, GX1, a ligand
appropriate for antiangiogenic drugs in the context of gastric
cancer treatment, was employed.Te novel approach to drug
administration exhibited superior cytotoxicity against gas-
tric tumor cells compared with unbound drugs in gastric
cancer cells [127].Te objective of the study was to assess the
efectiveness of CS/heparin NPs as an encapsulating method
for cytolethal distending toxin (CdtB) in the treatment of
gastric cancer. According to a study, this particular approach
exhibited the potential to inhibit the growth and multipli-
cation of gastric cancer cells while also inducing cell cycle
arrest at the G2/M phase and promoting apoptosis [128].Te
study conducted by Li and colleagues aimed to assess the
efcacy of N-((2-hydroxy-3-trimethylammonium) propyl)
CS chloride (HTCC)/alginate-encapsulated Fe3O4 magnetic
NPs (HTCCMNPs) in inhibiting multidrug resistance
(MDR) in gastric tumor cells. Te high-temperature car-
bonized cellulose magnetic NPs (HTCCMNPs) exhibited
notable attributes such as high water solubility and bio-
compatibility, along with reduced viability of tumors. Te
observed efects were primarily attributed to apoptosis,
autophagy, loss of mitochondrial membrane potential, and
decreased generation of reactive oxygen species [129]. A
previous study investigated the impact of CSNPs on the
delivery of epigallocatechin-3-gallate, a green tea polyphenol
extract, for gastric cancer therapy.Te herbal compound was
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Figure 2: Anticancer strategies and molecular mechanisms of chitosan and its derivatives in gastrointestinal cancers.
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encapsulated using a complex comprising CS conjugated
with fucose and CS conjugated with polyethylene glycol. Te
study demonstrated that NPs can potentially reduce drug
release in stomach acids, resulting in a regulated release of
epigallocatechin-3-gallate. Tis controlled release was found
to downregulate the expression of vascular endothelial
growth factor (VEGF) protein, increase apoptosis, and in-
hibit the proliferation of gastric cancer [130]. Trimethyl CS,
a derivative of CS, was utilized for encapsulating paclitaxel,
a well-known microtubule inhibitor, to aid in the treatment
of gastric cancer. Te utilization of trimethyl CSNPs loaded
with paclitaxel has been found to induce cell cycle arrest in
the G2/M phase and apoptosis in gastric cancers. Te drug
formulation exhibited a reduction in tumor growth without
notable systemic adverse efects, indicating its potential as
a secure and encouraging drug delivery method for treating
gastric cancer [131]. CS-encapsulated BRAF siRNA NPs
have been employed in treating gastric cancer in recent
years. Te study reported decreased v-Raf murine sarcoma
viral oncogene homolog B1 (BRAF) expression in gastric
tumors, a reduction in cell invasion, and suppression of their
invasion upon observation of CSNPs [132]. In the same
investigation, the impact of PIK3CA/siRNA CSNPs on
gastric tumor cells was examined. Te fndings of the study
indicated that the utilization of PIK3CA/siRNA CSNPs led
to a signifcant reduction in the expression of PIK3CA/
siRNA and the invasive potential of gastric tumor cells [133].
Te available evidence indicates that CS and its derivatives
have the potential to act as drug delivery agents in the form
of microspheres and NPs that are linked to chemothera-
peutic drugs. Tis approach may enhance the efcacy of
anticancer drugs and facilitate gastric cancer therapy
[31, 134] (Figure 2, Table 2).

4.3. Hepatocellular Carcinoma. Hepatocellular carcinoma
(HCC) is frequently associated with prolonged liver damage
and cirrhosis, rendering it a prevalent and highly lethal
malignancy that ranks as the fourth leading cause of cancer-
associated mortality globally [105, 135]. It represents over
80% of primary liver cancers [102]. HCC is a malignancy
that originates from the parenchymal liver cells [103]. It
typically manifests as nodular lesions, which may present as
a solitary large tumor or multiple smaller ones. HCC exhibits
an oval or circular morphology and manifests as a distinct
border demarcating its interface with adjacent hepatic pa-
renchyma. In contrast, infltrative HCC exhibits indistinct
demarcations with adjacent hepatic cells and may occa-
sionally invade the hepatic or portal veins [136]. HCC is
linked to various risk factors, including chronic alcohol
consumption, viral infections such as hepatitis B virus
(HBV) and hepatitis C virus (HCV), tobacco usage, and
afatoxins [136, 137]. HCC is associated with additional risk
factors, such as obesity and diabetes [138]. It is also caused by
the accumulation of copper and iron in the liver [139].

Tere are two primary modalities for managing HCC,
namely nonsurgical and surgical interventions [140]. Te
main therapeutic approach for HCC involves surgical in-
tervention, followed by conventional chemotherapy [141].
Approximately half of the patients with HCC diagnosed with

intermediate to advanced stages of the disease underwent
surgical resection [142]. Remarkably, a mere 10–35% of
patients who have been diagnosed with an early stage have
undergone surgical resection [143, 144]. Te available
noninvasive modalities for treatment include systemic
chemotherapy, radiation therapy, percutaneous ethanol
injection, transarterial chemoembolization (TACE), mi-
crowave ablation, cryoablation, radiofrequency ablation,
and molecular targeted therapies [145]. Te primary treat-
ment modality utilized is traditional chemotherapy. Con-
ventional treatments have signifcant limitations, such as
suboptimal drug bioavailability, high-dose demands, a lack
of specifcity, and adverse efects [146]. Te limitations as-
sociated with traditional therapy have instigated a demand
for alternative treatment modalities.

CS has been believed to be safe for human consumption
and has received dietary supplement approval from the FDA
[147]. According to the literature, CS is a biopolymer that
ranks second in abundance and possesses properties that
enhance permeability and exhibit mucoadhesion [148]. CS
fnds application in the felds of food additives and metal
chelation as well [137]. CS exhibits a variety of biological
activities, including antifungal, antimicrobial, and immu-
noenhancing properties. CS’s reactive groups are utilized for
surface modifcation [149] to target various types of cancer,
such as HCC [146]. Te utilization of CSNPs, such as col-
loidal superstructures of NPs, exhibits signifcant promise in
the domains of nanomedicine and biomedical engineering,
owing to their heightened bioavailability, decreased phar-
macological toxicity, and augmented sensitivity and speci-
fcity [103]. Vongchan et al.’s fndings suggest that CSNPs
exhibit antitumor properties in both in vitro and in vivo
conditions. Te potential antitumor efects of CSNPs may be
attributed to their ability to disrupt cellular membranes and
induce apoptosis [150]. In addition, CMC is a hydrophilic
form of CS that exhibits enhanced physicochemical char-
acteristics. Due to its capacity to retain water, it has a broad
spectrum of uses in the pharmaceutical, cosmetic, food, and
biomedical industries. Te compound CMC has demon-
strated antitumor and antioxidant properties, as well as the
ability to inhibit metastasis in HCC through the upregu-
lation of metastasis-related proteins, including VEGF, ma-
trix metalloproteinase-9 (MMP-9), and E-selectin, both
in vitro and in vivo [151]. Te pH responsiveness of CMC is
attributed to the protonation process of its amino group
[152]. In a recent study, scientists developed pH-responsive
CSS-LA/DOX to treat HCC [152]. Researchers also for-
mulated a CS/dimethyl maleic anhydride-modifed CS (CS/
CS-DMMA) loaded with DOX and pH-responsive CSS-LA.
Tis formulation was intended for the treatment of HCC
[153]. Te combination of multiple drug loadings and dual
surface functionalization within a CS-based formulation
may hold signifcant potential as a treatment option
for HCC.

Te primary focus of research on CS relates to its po-
tential as a pH-responsive vehicle for drug delivery and is
attributed to its susceptibility to neutral or slightly acidic pH.
Te utilization of CSNPs for covert drug delivery can be
achieved through the process of conjugation with particular
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ligands. Tis process facilitates lysosomal escape and ulti-
mately results in the targeting of mitochondria. Formula-
tions based on CSNPs ultimately result in the controlled
release of the drug payload at the specifc intracellular site.
Te utilization of CSNPs as nanocarriers for the targeted
delivery of anticancer drugs to the mitochondria is highly
efective. Currently, there are ongoing endeavors to develop
CSNPs that possess the capability of serving as DDS with
organelle specifcity [105, 106] (Table 2).

4.4. Colorectal Cancer. According to research studies, co-
lorectal cancer (CRC) ranks as the third most common type
of cancer globally [154]. It is estimated that the global
morbidity rate will rise to 1.1 million by 2030 [155]. CRC is
commonly observed in individuals who are under 50 years of
age. Tis condition is linked to dietary patterns and eating
behaviors that promote a bacterial imbalance in the GI tract,
which, in turn, leads to the development of colon cancer
[156]. CRC is a form of malignancy that infuences the
regions of the large intestine and rectum [107]. Te devel-
opment of this condition can be attributed to the adeno-
matous polyposis coli gene or deactivation of the p53
pathway, as well as the accumulation of mutations in genes
such as K-Ras, alterations in the transforming growth factor-
beta pathway, and the formation of small polyps [157].

Te CRC is categorized into fve distinct phases, each
requiring specifc treatment strategies [158]. Te initial stage
of colon cancer, characterized by polyps or abnormal colon
cells on the mucosal lining, can be efectively treated through
surgical resection if detected in its early stages. In the same
way, the standard approach for addressing stages I–II is
surgical excision, although the 5-year survival rate ranges
from 37% to 74% in most instances. Te survival rate of
patients with advanced stages of CRC signifcantly decreases
to 6% [159]. In such cases, adjuvant pharmaceutical ther-
apies, such as chemotherapy, are typically recommended
after surgical resection [160]. Te administration of these
medications has been associated with unfavorable outcomes,
including nausea, vomiting, and hair loss, while the antic-
ipated efectiveness has not been demonstrated [161]. An-
ticancer drugs have several limitations, including low water
solubility, hydrophobicity, susceptibility to multiple drug
resistances, and inadequate biodistribution [162]. Te
abovementioned circumstances have necessitated inventive
methodologies to amplify the pharmacodynamic and
physicochemical characteristics of conventional chemo-
therapeutic agents or accomplish target-oriented adminis-
tration to enhance therapeutic efcacy while mitigating
nonspecifc side efects [163].

Te development of CRC is a complex process that
occurs throughout 10 to 40 years, progressing from adenoma
to carcinoma. CRC arises due to the inactivation of the
adenomatous polyposis coli gene, or p53 pathway, the ac-
cumulation of mutations in genes such as K-Ras, alterations
in the TGF-β pathway, and the development of small polyps.
Small polyps tend to undergo transformation into larger
polyps, which can subsequently initiate tumorigenesis.
Aberrant crypt foci in colon tissue serve as a preneoplastic

indication, and chemoprevention can be utilized to prevent
or postpone the process of carcinogenesis [164]. Aberrations
in the signaling of T-lymphokine-activated killer cell- (T-
LAK-) originated protein kinase (TOPK) have been ob-
served to facilitate cancer progression. Tis kinase is highly
expressed and functionally active in colorectal cancer,
promoting the proliferation, survival, and infammation of
cancer cells. Furthermore, it has been proposed that TOPK
may serve as a viable therapeutic target for combating co-
lorectal cancer by modulating the transcriptional expression
of p21, a downstream target of p53, through its interaction
with the DNA-binding domain of the latter. Te compound
3-deoxysappanchalcone, derived from Caesalpinia sappan
L., has been found to possess the ability to induce apoptosis
through a p53-dependent pathway. As a result, it can inhibit
the proliferation of colon cancer cells by directly targeting
the signaling pathway of TOPK [165]. Colorectal cancer is
commonly considered a sporadic condition; however, the
likelihood of developing the disease is heightened in in-
dividuals with a familial history of the ailment. Frequently
occurring mutations in CRC comprise TP53, KRAS, BRAF,
FAM123B, TGFBR2, APC, ERBB2, PIK3CA, SMAD4,
SOX9, ARID1A, and CTNNB1 [166]. Te occurrence of
tumorigenesis is attributed to mutations in genes that dis-
rupt crucial signaling pathways. Te early stages of CRC are
characterized by mutations in the WNT signaling pathway,
whereas TP53 mutations tend to manifest at a later stage
[167]. Contemporary investigations on biomarkers for CRC
are directed toward identifying molecules that can be tar-
geted for the development of specialized carriers and novel
drugs for targeted cancer therapy.

Numerous investigations have been conducted in the
past few years to fnd an efcacious mechanism for ad-
ministering oral drugs and genes. However, the current
approaches have not advanced beyond animal experimen-
tation and have not demonstrated signifcant efectiveness in
human subjects. Te identifed benefts of CS, such as
nontoxicity, ability to adhere to mucosal surfaces, facile
modifability, afordability, biodegradability, and capacity to
form complexes with proteins or DNA, involve the ongoing
enhancement of auspicious vehicles for efective drug ad-
ministration for individuals with CRC. It is anticipated that
CS incorporation in DDS targeted at cancer will enhance
future biotechnology and biomedical applications [108, 157].
In recent decades, signifcant attention has been directed
toward the feld of nanomedicine to devise innovative ap-
proaches for implementing intelligent DDS with targeted
capabilities. Te primary objective of this approach is to
selectively target CRC tissues while minimizing any cellular
toxicity and associated side efects [109]. CS nanocarriers
have demonstrated a remarkable capacity to transport
therapeutic agents to precise anatomical locations based on
the distinctive features of the polymer. Te utilization of CS
and its derivatives in oral nanocarrier systems for treating
CRC, as discussed earlier, has exhibited their adaptability
and compatibility with biological systems. CSNPs regulate
the administration of drugs through their surface pliability,
pH-responsive characteristics, penetration capabilities, and
mucoadhesive attributes. Te efcacy of anticancer drugs
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can be improved through the modifcation of CS, which
leads to an increase in their accumulation, retention time,
cytotoxicity, and cellular uptake by tumor cells [110]. Re-
search conducted on various cell lines, including HT-29,
HCT-116, HT-29, MCF-7, Caco-2, CT26, and SW480, has
demonstrated a noteworthy reduction in cancer volume and
substantial antitumor efcacy [111–114]. To summarize,
using oral CS-based nanocarriers that are either conjugated
with targeting ligands or therapeutic agents holds signifcant
potential for the development of colon-targeted DDS that
exhibits low toxicity levels and requires less monitoring
during cancer therapy (Table 2).

4.5. Pancreatic Cancer. Pancreatic cancer (PC) is a highly
fatal malignancy with a mortality rate of nearly 100%
globally. Te 5-year survival rate, even under optimal
conditions, was reported to be less than 9% in 2019
[115–117]. Te preliminary diagnosis of this particular
cancer is the primary factor contributing to its ranking as the
seventh most common cause of cancer-related mortality
globally [115, 168, 169]. Selecting a suitable therapeutic
modality is closely linked to the scope and stage of cancer.
However, surgery, chemotherapy, and radiotherapy are
frequently considered the most efective interventions for
extending survival. However, there remains an urgent need
for an efective cure for PC patients who are in the late stages
of the disease [170]. Te reduction of PC-related mortalities
and patient distress is dependent on two factors: the
implementation of reliable and precise diagnostic tests in-
stead of current procedures and the substitution of con-
ventional therapies that are associated with high risk and
limited efcacy with innovative approaches [171].

From a therapeutic perspective, numerous investigations
have focused on augmenting traditional chemotherapeutic
agents through CS-based nanoformulations. Gemcitabine is
a pharmaceutical agent utilized for the management of
neoplastic disorders. However, its efcacy in patients with
advanced PC has not been deemed satisfactory. CSNPs were
employed as a vehicle for the co-delivery of gemcitabine.Te
abovementioned agent functions as an antibody targeting
epidermal growth factor receptor-1 (EGFR-1), a protein
whose excessive expression is known to facilitate the pro-
liferation of cancerous cells [172]. Te study fndings in-
dicate that CSNPs can potentially enhance the efcacy of
gemcitabine against the PC cell line (SW1990) by modu-
lating their proliferation, migration, and invasion mecha-
nisms [173]. Recently, scientists examined a specifc
modifcation in PC: upregulation of the folate receptor.
Regarding this matter, researchers developed core-shell NPs
consisting of folate, CS, and gemcitabine. Te NPs were
efective in reducing the adverse efects and prolonging the
half-life of gemcitabine. Additionally, they demonstrated
increased toxicity toward cancerous cells [174]. A group of
researchers also attempted to enhance the efectiveness of 5-
fuorouracil, a cytotoxic medication commonly employed in
chemotherapy. Te researchers synthesized a binary phar-
maceutical formulation comprising 5-fuorouracil and
quercetin, which served as an antioxidant agent.

Subsequently, they administered this formulation via
CSNPs. Te study revealed that the co-administration of 5-
fuorouracil with an antioxidant agent increased drug en-
capsulation and expedited drug release [175]. Another group
of scientists [176] conducted research on metformin,
a medication frequently prescribed for managing type 2
diabetes. Te selection of this particular drug was based on
the fact that metformin can impact cancer cells through two
distinct mechanisms. Firstly, it can reduce tumor cell pro-
liferation by reducing insulin levels. Secondly, it can alter
intracellular signaling pathways [177]. Te impact of met-
formin encapsulated in O-CMC-NPs on pancreatic cancer
cells (MiaPaCa-2) was explored by the researchers, who
noted an increase in apoptosis and a decrease in colony
formation in these cells [176, 178]. Te impact of curcumin
on pancreatic cancer was investigated by Arya et al. [179]. In
their study, curcumin-loaded poly-D, L-lactide-co-glycolide
(PLGA) NPs were synthesized and subsequently coated with
polyethylene glycol (PEG) and CS for surface modifcation.
Te utilization of these NPs presented several benefts when
compared to using curcumin in isolation. Tese advantages
include heightened curcumin absorption, anti-invasive and
antimigratory properties, and an augmentation of
cytotoxicity.

Multiple mutations that activate proto-oncogenes or
deactivate genes that promote tumor suppression and ap-
optosis resistance are to blame for the chemotherapy and
radiotherapy resistance that pancreatic ductal adenocarci-
noma exhibit [180]. Te fact described earlier has directed
researchers toward seeking a resolution to normalize gene
expression in malignant cells. Te implementation of gene
therapy has been proposed as a viable approach for man-
aging various forms of cancer.Te transportation of genes to
the cancerous site necessitates the utilization of suitable
vectors. Safari et al. [181] synthesized N, N-diethyl N-methyl
CS (DEMC) to investigate its potential as a vector, citing its
favorable cell viability. However, further research is required
to explore this subject fully. A plausible approach could
involve the utilization of small interfering RNAs (siRNAs) to
impede the expression of the corresponding messenger
RNAs (mRNAs) associated with these genes. Using folic
acid-modifed PEG-CS oligosaccharide lactate NPs [182],
Taniuchi et al. [183] investigated the delivery of particular
siRNAs. Te present investigation efectively targets mTOR,
LAMTOR2, and NUP85, impeding the metastasis and in-
vasion of pancreatic cancer cells. Regarding the efectiveness
of this methodology, further advancements can be made by
investigating additional mutated genes implicated in pros-
tate cancer, such as HER-3, HER-2, and NF-B [180].

Te researchers have reported the development of
CSNPs that have dual applications in tumor detection and
drug delivery. Te researchers developed a theranostic agent
consisting of pH-sensitive CS-coated mesoporous silica-
coated gold nanoparticles, which were utilized for tumor
imaging via multispectral optoacoustic tomography. Tey
determined that this NP is not suitable for drug delivery
alone, but when it was combined with other substances, its
tumor targeting and drug delivery capabilities were revealed.
Te researchers concluded that the variant 7-silica-coated
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gold nanoparticle (v7-CMG) is suitable for tumor de-
tection, facilitating drug delivery and improving tumor
targeting with minimal side efects [184, 185]. Other re-
searchers have also successfully developed CS nano-
formulations to aid in diagnosing PC. Wang et al. [186]
studied the antiapoptotic protein named survivin and
found that its expression undergoes modifcation in
cancerous cells, indicating its corresponding mRNA could
serve as a promising candidate for molecular imaging.
Tis study involved the encapsulation of antisense oli-
gonucleotides, which exhibit binding afnity toward the
surviving RNA, within magnetic nanoparticles. Te NPs
were further coated with CS for enhanced bio-
compatibility and stability. Te fndings of this in-
vestigation indicate that the presence of NPs in cancerous
locations, both in vitro and in vivo, may serve as a means
of detection. Several research groups, including Tong et al.
[187], Xu et al. [188], Rong et al. [189], Soares et al. [190],
and Dobiasch et al. [191], have endeavored to reduce
mortality rates associated with PC through early detection
(Figure 2, Table 2).

5. Conclusions and Perspectives

In the following years, GI cancer will continue to be
a main global health issue. Despite decades of cancer
therapy advances, cancer remains the leading cause of
death globally. CS, a natural, biodegradable, and bio-
compatible polymer, is one of the most promising poly-
mers for treating GI cancers due to extensive studies. CS
showed promise in chemotherapeutic drug delivery, gene
therapy, and immunotherapy for cancer. Nano-
formulation, emulsion, surfactant, and hydrogel formu-
lations using CS derivatives improve anticancer drug
efcacy, selectivity, biocompatibility, and dose reduction.
Tus, CS nanoparticle-based therapy may improve GI
cancer treatment efectiveness and personalization. Te
actual deployment of nanoparticle-based therapy faces
several challenges. CS’s limited water solubility is the most
signifcant drawback for pharmaceutical administration.
Nanomaterial biodistribution, stability, immunogenicity,
clearance, and regulation are concerns.

Te fndings in this review may address several stomach
cancer questions. Nanomedicine has created carriers that
boost cancer cell cytotoxicity and reduce chemotherapy side
efects. Novel GI malignancy diagnostic approaches that
may become mainstream were also highlighted. Te latest
diagnostic and therapy options need further research to
prove them.

Data Availability

Te authors confrm that the data supporting the fndings of
this study are available within the article.

Ethical Approval

As the current study is considered as a review article,
obtaining both ethics approval and consent statements was
not mandatory in this research.

Consent

As the current study is considered as a review article,
obtaining consent for publication was not mandatory in this
research.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

AA and ZSE contributed to the conceptualization and study
design. AA, SPT, and ZSE completed data curation and
formal analysis. AN, JA, and HH gathered information and
contributed to the preparation of the original draft. FM and
ZSE managed and completed the study using specifc
software. AA and SPTdesigned and supervised the work. All
authors have reviewed/revised and validated the whole text.

Acknowledgments

Tis work was supported by Grant number 1400-1-99-21292
from Iran University of Medical Sciences.

References

[1] M. Arnold, C. C. Abnet, R. E. Neale et al., “Global burden of 5
major types of gastrointestinal cancer,” Gastroenterology,
vol. 159, no. 1, pp. 335–349.e15, 2020.

[2] I. D. Nagtegaal, R. D. Odze, D. Klimstra et al., “Te 2019
WHO classifcation of tumours of the digestive system,”
Histopathology, vol. 76, no. 2, pp. 182–188, 2020.

[3] R. L. Siegel, K. D. Miller, H. E. Fuchs, and A. Jemal, “Cancer
statistics, 2021,” CA: A Cancer Journal for Clinicians, vol. 71,
no. 1, pp. 7–33, 2021.

[4] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: A Cancer
Journal for Clinicians, vol. 71, no. 3, pp. 209–249, 2021.

[5] M. F. Bijlsma, A. Sadanandam, P. Tan, and L. Vermeulen,
“Molecular subtypes in cancers of the gastrointestinal tract,”
Nature Reviews Gastroenterology &Hepatology, vol. 14, no. 6,
pp. 333–342, 2017.

[6] L. Falzone, S. Salomone, and M. Libra, “Evolution of cancer
pharmacological treatments at the turn of the third mil-
lennium,” Frontiers in Pharmacology, vol. 9, Article ID 1300,
2018.
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