Drug Discoveries & Therapeutics. 2023; 17(4):220-229. 220

Review

DOI: 10.5582/ddt.2023.01013

Drug resistance and new therapies in gallbladder cancer

Yuxin Sun'®, Xiaoxuan Li**, Haihong Cheng', Shouhua Wang®, Di Zhou®, Jun Ding**,

Fei Ma"™™*

' Department of Oncology, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China;

? Qingdao University, Qingdao, Shandong, China;

* Department of General Surgery, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China;
* Department of Biliary and Pancreatic Surgery, Shanghai Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine,

Shanghai, China;
* Shanghai Institute for Pediatric Research, Shanghai, China.

SUMMARY

Gallbladder cancer (GBC) is a highly aggressive malignancy, which poses significant challenges

for timely diagnosis, resulting in a dismal prognosis. Chemotherapy serves as a primary treatment
option in cases where surgery is not feasible. However, the emergence of chemoresistance poses a
significant challenge to the effectiveness of chemotherapy, ultimately resulting in a poor prognosis.
Despite extensive research on mechanisms of chemotherapeutic resistance in oncology, the underlying
mechanisms of chemoresistance in GBC remain poorly understood. In this review, we present the
findings from the last decade on the molecular mechanisms of chemotherapeutic resistance in GBC.
We hope that these insights may provide novel therapeutic and experimental targets for further

investigations into this lethal disease.
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1. Introduction

Gallbladder cancer (GBC) is a rare malignant
neoplasm (/). The worldwide incidence of GBC
is less than 2/100,000 individuals (2). The highest
morbidity rates are found in Latin America, the
Ganges Valley in Asia, and Poland, with incidence
rates among females of 27.3/100,000, 21.5/100,000,
and 14/100,000, respectively. The mortality rate of
GBC has decreased worldwide but rising in Shanghai,
China (3). Unfortunately, there has been no significant
improvement in the effectiveness of treatment, and the
five-year survival rate remains less than 5% (4). This
is likely due to the difficulty in early detection and
diagnosis, as there are no specific clinical symptoms.
Moreover, the signs and symptoms that do occur are
often masked by other conditions, such as cholecystitis
or gallbladder stones. By the time most patients are
diagnosed, the condition has progressed to a terminal
stage (5), and radical surgical treatment, which is the
only curative option, is no longer possible. Furthermore,
patients who do receive surgery have a higher recurrence
rate (6). Thus, adjuvant radiotherapy, chemotherapy,
and immunotherapy play essential roles in improving
the overall survival time of patients with GBC (7).
Postoperative adjuvant radiotherapy has been shown to
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be therapeutic in improving patients' survival time (8).
Chemotherapy is also critical, and the current regimen
includes gemcitabine (GEM), 5-fluorouracil (5-FU)
combined with cisplatin (DDP), and oxaliplatin (7).
Recent advances in genome sequencing technology have
led to the identification of potential genetic aberrations
in patients with GBC, highlighting the increasing
importance of targeted therapy in GBC treatment.

Given that only a small proportion of GBC patients
are eligible for surgery, chemotherapy is typically
the primary option for patients with unresectable or
metastatic disease. GEM has demonstrated efficacy
as a chemotherapy drug for GBC (9), with reported
tumor response rates ranging from 10% to 30% and a
median survival time of 8.1 months. However, GBC
cells exhibit significant resistance to this drug and
present a significant challenge for effective treatment.
What's more, rapid drug resistance development has
also become a bottleneck for other chemotherapy drugs
like DDP. What's worse, the emergence of multidrug
resistance (MDR) is particularly concerning (/0), as
it causes over 90% of deaths in cancer patients treated
with traditional or novel chemotherapeutic drugs (/7).
Hence, research efforts must focus on overcoming drug
resistance in GBC.

Tanweer Haider et al. provides a precise summary
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of the mechanisms of chemotherapy resistance in
tumors (/2). The resistance was classified into intrinsic
and extrinsic categories based on the involved factors.
Intrinsic resistance refers to those specific elements
present in the cancer cell or tissue itself before
chemotherapy, which can reduce the effectiveness of
chemotherapy drugs for particular cancers. Extrinsic
drug resistance, also known as acquired drug resistance,
is a complex mechanism involving the acquisition of
gene mutations and activation of MDR-related signaling
pathways. The mechanisms of drug resistance include
various factors such as tumor microenvironmental (TME)
factors, tumor heterogeneity, drug inactivation, reduced
drug influx, increased drug outflow, changes in DNA
repair and epigenetic effects, inhibition of apoptotic
pathways and autophagy, epithelial-mesenchymal
transformation (EMT), and changes in membrane lipids.
The main causes of MDR include overexpression of
ATP-binding cassette (ABC) superfamily membrane
transporters such as p-glycoproteins (P-GP) and MDR-
related proteins, inactivation of pathways associated
with apoptosis inhibition, and enhancement of DNA self-
repair ability. This review examines the mechanisms
of chemotherapy resistance and summarizes the latest
research advances in overcoming chemotherapy
resistance in GBC over the past decade.

2. Research progress on the mechanism of
chemotherapeutic resistance in GBC

2.1. TME

TME, consisting of multiple cell types (e.g., endothelial
cells, fibroblasts, immune cells) and extracellular
components (e.g., cytokines, growth factors, hormones,
extracellular matrix), is a critical factor that affects the
efficacy of chemotherapy (/3). Changes in the TME
could contribute to the development of drug resistance.
Vascular endothelial growth factors (VEGFs) and
fibroblast growth factors (FGFs) are key factors in TME
that promote tumor growth and survival and have been
implicated in chemotherapy resistance in cancer (/4).
Leptin is an adipose-tissue-derived hormone that is
involved in regulating glycometabolism, lipometabolism,
and energy metabolism (/5). Through the signal
transducer and activator of transcription 3 (STAT3)/
CCAAT/enhancer binding protein delta (CEBPD)/
myeloid cell leukemia-1 (MCL1) axis, leptin has been
found to induce mitochondrial fusion and inhibit GBC
cell apoptosis induced by gemcitabine (/6). In this
signaling pathway, STAT3 acts as a leptin-regulated
transcriptional activator, while CEBPD, a transcription
factor of the C/EBP family, is inactivated in various
cancers (/7). MCLI, a target gene of CEBPD that
responds to leptin, is overexpressed in various tumors
(18). Research has shown that leptin can induce the
phosphorylation of STAT3 in GBC cells, leading to

increased expression of CEBPD and promoting the
transcription of the MCL1 gene (/6). This, in turn,
enhances the anti-apoptotic ability and chemotherapy
resistance of GBC cells by enabling mitochondrial
fusion and promoting mitochondrial function. Therefore,
increasing leptin secretion and promoting the CEBPD/
MCL1 axis may enhance chemotherapy resistance in
GBC (Figure 1). This study sheds light on the underlying
mechanisms contributing to the poor prognosis of obese
patients.

2.2. Anti-apoptosis effects

Apoptosis is a form of programmed cell death that plays
a critical role in chemotherapy response (/9). Resistance
to chemotherapy can result from various factors that
affect the expression of apoptotic cytokines (/7). The
caspase family and the B-cell lymphoma-2 (Bcl-2)
family are the two factors typically involved in apoptosis.
The caspase family is regarded as the primary mediator
of apoptotic cell death, while the Bcl-2 family serves
as a crucial regulatory component of the intracellular
apoptotic pathway with varying effects on apoptosis (20).
Bax, one of the pro-apoptotic Bcl-2 proteins, is a negative
regulator of cell survival, while Bcl-2 proteins, also in
the Bcel-2 family, play an inhibitory role in apoptosis.
Numerous factors can affect apoptosis by regulating the
expression of these molecules. For instance, estrogen can
stimulate the expression of BCL-2, thereby promoting
drug resistance in breast cancer (27).

Olfactomedin-4 (OLFM4) is a glycoprotein
belonging to the OLFM family and is known to exhibit
anti-apoptotic properties (22,23). Studies have revealed
that OLFM4 expression is significantly increased during
the progression of chronic cholecystitis to atypical
hyperplasia and ultimately to GBC (24). Furthermore,
genetic knockout of OLFM4 has been shown to result in
a marked decrease in tumor proliferation and invasion
(25). Additionally, cells cultured in the absence of
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Figure 1. High expression of leptin promotes chemoresistance of
GBC cells to GEM by activating the STAT3/CEBPD/MCLI1 axis.
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OLFM4 have been observed to exhibit reduced levels
of ADP-ribosylation factor-like 6 interacting protein
1 (ARL6IP1), another anti-apoptotic cytokine. This
implies that the OLFM4-ARLG6IP1-caspase 3 axis plays
a significant role in regulating chemotherapy resistance.
Notably, the downregulation of OLFM4 has been found
to increase the expression of caspase 3 and sensitize cells
to chemotherapy with DDP, both in vitro and in vivo.
Calreticulin (CRT), located in the endoplasmic reticulum,
is another factor that activates anti-apoptotic effects (26).
CRT is involved in various cellular metabolic processes,
including calcium handling, cell adhesion, and migration
(27). Upregulation of CRT has been observed in several
cancers, including lung cancer, pancreatic cancer, and
GBC, and it positively correlates with tumor size.
Inhibition of CRT has been shown to induce apoptosis
and suppress the activation of p-Akt, which enhances
the anti-cancer efficacy of GEM (28). The PI3K/Akt
pathway has previously been reported to increase cancer
cell chemoresistance (29). Therefore, inhibiting OLFM4
and CRT may increase chemotherapeutic sensitivity and
improve treatment efficacy.

MicroRNAs (miRNAs) are small, 20-22 nucleotide
molecules that act as post-transcriptional regulators,
playing a significant role in cancer development,
including GBC (30). Among them, miR-125b-5p is a
down-regulated miRNA in drug-resistant GBC cells.
Recent research has revealed that miR-125b-5p down-
regulates the expression of Bel2, promoting apoptosis
and enhancing the chemotherapy sensitivity of GBC
cells to DDP (37). Hence, the downregulation of miR-
125b-5p expression in GBC cells leads to chemotherapy
resistance.

MiR-205-5p is another type of miRNA with potential
as a diagnostic biomarker of cancer, capable of reducing
tumor chemoresistance. Peripheral blood samples from
GBC patients show reduced expression of miR-205-
5p. Protein kinase C (PRKCE) is associated with tumor
invasiveness and is upregulated in various cancers,
including GBC. MiR-205-5p inhibits the expression
of PRKCE, and its overexpression can promote GEM-
induced apoptosis by increasing the sensitivity of GBC
cells to GEM (32). Furthermore, increased expression of
miR-205-5p and silencing of PRKCE can promote the
expression of Bax and activate caspase 3. Therefore, the
decreased expression of miR-205-5p leads to increased
chemotherapy resistance in GBC cells (33,34).

MiR-31 is a miRNA that is down-regulated in DDP-
resistant GBC cells. Src is a proto-oncogene (35) and a
direct target of miR-31, whose expression is inhibited
by miR-31. Akt, as one of the downstream kinases
of Src, is implicated in the anti-apoptotic effect by
disrupting the balance of Bcl-2 family proteins (36).
The downregulation of miR-31 expression promotes
the expression of activated p-Src and further increases
the level of activated p-Akt. Ultimately, a decrease
in Bax and an increase in Bcl-2 expression attenuate

DDP-induced apoptosis (37). Therefore, the reduced
expression of miR-31 leads to increased resistance to
chemotherapy in GBC cells.

The acquisition of drug resistance in GBC is
closely associated with anti-apoptotic effects (Figure
2). Studies investigating the mechanisms of apoptotic
resistance have predominantly focused on traditional
apoptotic pathways, such as Bax/Caspase3. However,
these studies typically only describe a linear relationship
between a gene and a downstream target protein.
Apoptotic pathways are interconnected and form a
complex network of structures. Thus, it is imperative
that researchers integrate their studied genes into this
intricate network of apoptotic pathways in order to more
systematically explain how a series of linkage changes
culminate in the development of apoptosis resistance
in gallbladder cancer cells. Furthermore, imbalances
in microRNA expression frequently arise during GBC
development, which can influence cancer cell phenotype
and elucidate the mechanism behind drug resistance.
However, reversing these expression suppressions in vivo
remains a significant challenge.

2.3. Autophagy effect

Recent studies have demonstrated that autophagy
plays a dual role in tumor chemotherapy resistance
and sensitization. Moderate autophagy can increase
resistance to chemotherapeutic drugs, while excessive
autophagy can prevent the formation of drug resistance,
leading to accelerated cell death (38). Many factors are
involved in cellular autophagy, including recombinant
phosphoglycerate kinase 1 (PGK1), a critical enzyme
that catalyzes glycolysis, and its activity has been linked
to autophagy activation (39).

Long non-coding RNAs (IncRNAs) are a class
of transcripts that are longer than 200 bases and lack
protein-coding potential. These transcripts play vital roles
in multiple biological processes of cancer progression,
such as proliferation, apoptosis, epithelial-mesenchymal
transition, and autophagy (40). Among the upregulated
IncRNAs, IncRNA ENST00000425894, termed
gallbladder cancer drug resistance-associated IncRNA1
(GBCDRIncl), participates in the chemoresistance of
gallbladder cancer cells (4/). GBCDRIncl expression is
increased in GBC tissues and can interact directly with
PGK1, upregulating its protein level by inhibiting PGK1
ubiquitination in GBC cells in vitro, thereby inducing
autophagy-related chemical resistance in GBC cells (41).

Although the mechanisms of autophagy are rarely
studied in GBC, cellular autophagy plays a vital role in
the development of drug resistance. For instance, GEM
can cause protective autophagy by inhibiting the Akt/
mTOR signaling pathway in various tumors, including
GBC, resulting in tumor chemotherapy resistance (42).
Moreover, enhanced autophagy activity in Doxorubicin
(DOX)-resistant gallbladder carcinoma cells promotes
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Figure 2. Molecular pathway diagram associated with apoptosis. (/) OLFM4 exerts its effect on cell apoptosis through the OLFM4-ARL6IP1-
caspase 3 axis. (i7) CRT influences the apoptosis through the PI3K/AKT pathway. (ii7) miR-125b-5p promotes cell apoptosis by affecting the
expression of Bel-2. (iv) miR-205-5p affects cell apoptosis through the PRKCE/Bax/caspase 3 pathway. (v) miR-31 influences cell apoptosis

through the Src/Akt pathway.

drug resistance. Therefore, further research on cellular
autophagy is necessary to develop strategies to combat
drug resistance in GBC.

2.4. Drug efflux

The overexpression of membrane efflux pumps, such
as P-GP, plays a crucial role in MDR, primarily through
increased drug efflux (43). P-GP, a transmembrane
transporter encoded by the multi-drug resistance gene 1
(MDR1), uses ATP-dependent mechanisms to transport
drugs out of cells, thereby conferring resistance to cancer
cells (44).

One miRNA that is significantly downregulated in
GBC is miR-218-5p. It inhibits the activation of MDR1/
P-GP by downregulating the expression of PRKCE.
Therefore, decreased expression of miR-218-5p relieves
the inhibitory effect on PRKCE, resulting in increased
levels of MDR1/P-GP and drug outflow, ultimately
promoting resistance of GBC cells to GEM and DDP.

Another downregulated miRNA in drug-resistant
GBC cells is miR-145. MRP1, a critical component in
developing chemoresistance, is a target of miR-145 (45).
MiR-145 reduces the expression level of MDR1/P-GP
by promoting the direct degradation of MRP1 mRNA,
leading to increased drug efflux (46). Consequently,

decreased expression of miR-145 leads to increased
levels of MDR1/P-GP and enhanced resistance of
GBC cells to GEM and DDP. Therefore, miRNAs play
multiple roles in the development of gallbladder cancer,
and it is important to investigate and reveal the functions
of additional miRNAs in the mechanisms underlying
GBC.

The deregulation of the mammalian target of
rapamycin (mTOR), an atypical serine/threonine kinase,
is implicated in the pathogenesis of GBC. mTOR plays
a critical role in regulating cell proliferation, growth,
differentiation, migration, and survival by modulating
numerous cellular signaling pathways (47). Inhibition
of the mTOR signaling pathway has been shown to
suppress the synthesis of MDR1 induced by 5-FU and
ultimately promote the chemosensitivity of GBC cells to
5-FU (48).

NADPH oxidase 1 (NOX1), a membrane-bound
enzyme that is up-regulated in GBC, is a significant
source of reactive oxygen species (ROS). Hypoxia-
inducible factor la (HIF1a) is a master regulator of
cellular responses to ROS and plays an essential role
in tumorigenesis (49). Studies have demonstrated that
increased expression of NOX1 can enhance intracellular
ROS levels, which then activate the HIF-1A/MDR1
pathway. This leads to increased drug efflux and cisplatin
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resistance in GBC cells (50).

This suggests that overexpression of P-GP plays a
pivotal role in the acquisition of multidrug resistance
in GBC (Figure 3). However, the regulation of P-GP
expression is a complex and multifaceted process.
Thus, developing a single agent that can effectively
downregulate P-GP expression in vivo presents a
significant challenge. Nonetheless, such an agent
would be valuable in enhancing the efficacy of multiple
chemotherapeutic agents used in combination therapy for
GBC.

2.5. DNA repair alteration (DDR)

DDR is a critical mechanism for repairing direct or
indirect DNA damage induced by chemotherapy. DDR
can be activated to restore the dysfunctional pathway,
thus increasing DNA repair activity and drug resistance
(51). The robustness of the intracellular DDR is a critical
determinant of chemotherapy sensitivity.

Long non-coding RNA myosin light chain kinase
antisense RNA 1 (MYLK-ASI), which is upregulated in
GBC (52), acts as a regulator in this process. Its target
is the polycomb group (PcG) family member, zeste
homologous enhancer 2 (EZH2). EZH?2 is a critical
regulator of cell cycle progression, autophagy, and
apoptosis, promoting DNA repair and inhibiting cell
senescence, thereby increasing the DNA repair capacity
of cancer cells (53). Thus, overexpression of MYLK-
AS1 targets miR-217, which increases the expression of
EZH2, leading to increased DNA repair in GBC cells and
ultimately promoting resistance to chemotherapy drugs.
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Figure 3. Diagram of cellular efflux mechanisms. (i) miR-218-
Sp inhibits the activation of MDR1/P-GP by downregulating the
expression of PRKCE. (i) miR-145 reduces the expression levels
of MDR1/P-GP by directly degrading MRP1 mRNA. (iii) mTOR
inhibits the synthesis of MDR1 induced by 5-FU. (iv) NOX1
increases intracellular ROS levels, thereby activating the HIF-1A/
MDRI1 pathway.

2.6. EMT

The EMT is a physiological process in which epithelial
cells undergo transdifferentiation to form motile
mesenchymal cells, playing an essential role in wound
healing and cancer progression (54). Methyl-CpG
binding domain protein 1 (MBD1), a transcriptional
repressor that mediates DNA methylation, has also been
implicated in tumor development and progression (55).
Downregulation of MBD1 expression significantly
increased the Gem sensitivity of gallbladder carcinoma
cells (56). Furthermore, E-cadherin expression,
an epithelial marker, was increased upon MBD1
knockdown, suggesting that MBD1 may promote EMT
in GBC cells by suppressing e-cadherin expression.
Hence, MBD1-mediated EMT may contribute to the
development of chemotherapy resistance in GBC.

In conclusion, research on drug resistance
mechanisms in gallbladder cancer was limited until
2010 due to the rarity of the disease and low diagnosis
rates. However, with increased health awareness and
clinical diagnoses, more patients with GBC receive
chemotherapy, drawing attention to chemotherapy
resistance in this malignancy. Among the various
mechanisms studied, apoptosis and exocytosis are the
primary focuses of research, providing insights for future
clinical treatments. Additionally, investigating changes
in the tumor microenvironment, cellular autophagy,
and DNA repair mechanisms could enhance our
understanding of chemotherapy resistance in GBC and
lead to more effective treatment strategies.

3. Study of new agents and drugs against drug
resistance

3.1. Agents at the basic experimental stage

Bufalin, a cardiotonic steroid (CTS) derived from
traditional Chinese medicine toad venom, has
been shown to exhibit multiple pharmacological
activities including anti-tumor effects (57). One study
demonstrated that bufalin can effectively downregulate
Mcl-1, an important anti-apoptotic protein of the Bcl-2
protein family that helps cancer cells evade drug attacks.
This downregulation leads to increased apoptosis of
GBC cells and improved sensitivity of gallbladder cancer
cells to chemotherapy drugs (58). Additionally, bufalin
can suppress the proliferation and metastasis of tumor
cells by impeding the MEK/ERK signaling pathway,
reduce self-renewal and drug resistance of tumor stem
cells by inhibiting the PI3K/Akt pathway, thus making
it a promising candidate for treating patients with GBC
resistant to conventional chemotherapy.

Maslinic acid (MA), a pentacyclic triterpene acid, has
been shown to inhibit nuclear factor-kB (NF-kB) survival
signaling pathways (59). By inhibiting NF-xB, MA is
able to modulate the expression of regulatory factors for
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cell proliferation (cyclin D1), apoptosis (Bax and Bcl-
2), and metastasis (MMP-2 and MMP-9). Compared to
treatment with GEM alone, the combination of MA and
GEM resulted in significant downregulation of Cyclin
D1 and Bcl-2 expression, while Bax expression was
significantly increased, indicating that MA can inhibit
cell proliferation, promote apoptosis, and enhance the
sensitivity of GBC cells to chemotherapy (60).

Hispidulin, a flavonoid naturally occurring in the
traditional Chinese medicinal herb Salvia involucrate,
has been shown to increase caspase-3 activity and
decrease BCL-2 expression while increasing Bax
expression in GBC cells. Moreover, hispidulin can
inhibit the HIF-1A/MDR1 pathway via AMPK signaling,
resulting in decreased expression of P-GP and promoting
the chemotherapy sensitivity of GBC cells (61).

Chloroquine, an autophagy inhibitor, has been found
to enhance the induction of apoptosis and cell cycle
arrest of GBC cells in vitro when used in combination
with GEM. Furthermore, chloroquine can reduce the
resistance of GBC cells to GEM by inhibiting autophagy
and has also demonstrated enhanced tumor inhibition in
vivo (62).

Cordycepin, a bioactive compound found in species
of the genus Cordyceps, has shown promising results in
promoting the sensitivity of GBC cells to chemotherapy
drugs such as GEM and 5-FU by inhibiting the activation
of mTORC1 and down-regulating the expression of
MDR/HIF-1a via the AMPK signaling pathway (63).

Verapamil, a classical chemical sensitizer, has been
shown to inhibit the transport function of P-GP by
inhibiting the expression of MRP1. When combined
with platinum-based therapy, cryotherapy with verapamil
significantly increases the chemical sensitivity of GBC
cells (64).

Tamoxifen is a commonly used anti-tumor drug with
various beneficial effects. Research has demonstrated
that tamoxifen can enhance the inhibition of cell activity
and apoptosis induced by DDP (65). One crucial
factor that determines GBC chemical resistance is the
intracellular ROS level. Tamoxifen has been shown to
induce ROS production and promote GBC apoptosis by
inactivating the Nrf2 signal and increasing the expression
of CYP.

Osi-027 is a novel ATP competitive inhibitor of
mTORCI1 and mTORC?2 that can effectively inhibit the
synthesis of MDR1, down-regulate the expression of
MDRI induced by 5-FU, and enhance the sensitivity of
GBC cells to 5-Fu (46).

In general, most of these new agents are drugs that
have shown antitumor effects in other cancer studies.
The research results are only the antitumor phenomena
observed in basic experiments and the superficial
exploration of the anti-tumor mechanism. Few are
used in clinical trials. What's more, the appropriate
concentration, specificity, and toxicity of these small
molecule drugs to normal tissues remain unknown. Only

few agents are actually developed to combat resistance
or have the significance to provide guidance for clinical
drug use. The ultimate goal of scientific research is
to use it to cure patients and benefit people's health.
Therefore, there is a need to accelerate the pace of new
drug development research.

3.2. The improvement of traditional chemotherapy drugs

NUC-1031 is a promising chemotherapy drug for the
treatment of GBC, which has been developed through
the application of ProTide technology to transform GEM
into a phosphoramidate (66). Like GEM, NUC-1031's
cytotoxic effect on cancer cells is largely attributed
to the generation of the triphosphate form of the
nucleotide analog (di-fluoro-deoxycytidine triphosphate
[dFdCTP]). However, NUC-1031 can generate and
maintain higher concentrations of dFdCTP inside the
tumor cell than GEM due to its unique properties.
Firstly, the phosphoramidate moiety enables NUC-1031
to enter the cancer cell, independent of the presence of
nucleoside transporters. Secondly, once NUC-1031 has
entered the cell, the protective group is cleaved off and
releases an activated, monophosphorylated form of GEM
(dFdCMP). This delivery of dFdCMP obviates the need
for the activating enzyme, deoxycytidine kinase, which
drives the rate-limiting phosphorylation of gemcitabine.
dFACMP is rapidly converted to di-fluoro-deoxycytidine
diphosphate and then the key anticancer metabolite,
dFdCTP. Thirdly, NUC-1031 is not subject to breakdown
by cytidine deaminase (CDA), which is a key resistance
mechanism in GBC. Due to its ability to overcome all
three key resistance mechanisms, NUC-1031 achieves
much higher levels of the active anticancer metabolite,
dFdCTP, than GEM. This mechanism of action has been
illustrated in previous publications on NUC-1031 (67).
Furthermore, the agent has demonstrated safety and
tolerability in phase 1 clinical trials and is currently being
prepared for later clinical trials.

Capecitabine is an oral prodrug of 5-FU, which exerts
its cytotoxic effects by inhibiting DNA synthesis, RNA
processing, and protein synthesis. S-1 is another oral
anticancer drug that consists of a combination of tegafur
(a 5-FU prodrug), gimeracil, and oteracil potassium.
Gimeracil acts as an inhibitor of dihydropyrimidine
dehydrogenase, thereby increasing the concentration
of fluorouracil in the blood and tumor tissue. Oteracil
potassium reduces gastrointestinal toxicity by suppressing
the phosphorylation of fluorouracil in the gastrointestinal
tract. The BILCAP (compare capecitabine with
observation following resection of biliary tract cancer)
phase 3 trial conducted in the UK in 2019 demonstrated
that capecitabine can improve overall survival after
resection of biliary tract cancer when used as adjuvant
chemotherapy following surgery (68). A phase 3 clinical
trial (JCOG1202, ASCOT) was conducted in Japan in
2023, which compared adjuvant S-1 with observation in
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resected biliary tract cancer. This study showed that S-1
as adjuvant therapy had a comparable survival effect to
capecitabine but with fewer side effects for GBC (69).

These improvements to traditional chemotherapeutics
are expected to be used in clinical applications and bring
benefits to patients soon.

3.3. Molecular targeted therapy

Molecular targeted therapy represents a critical adjunct to
conventional chemotherapy for advanced, chemotherapy-
resistant GBC. Regorafenib is a multikinase inhibitor
that targets several pathways, including angiogenesis
via vascular endothelial growth factor receptors 1-3
and TIE2, oncogenesis by inhibiting the downstream
pathways of KIT, RET, RAF1, and BRAF, modulation
of the tumor microenvironment by blocking the activity
of intracellular domains of platelet-derived growth
factor receptor and fibroblast growth factor receptor, and
activation of tumor immunity through colony-stimulating
factor 1 receptor. In phase II trials (70-72), regorafenib
was found to be active and significantly increased
the median progression-free survival in patients with
locally advanced/metastatic GBC that progressed after
GEM/DDP-based chemotherapy. Additionally, other
agents such as varlitinib, trastuzumab, surufatinib,
lenvatinib, and others have also undergone phase 2 trials
and demonstrated promising results in prolonging the
survival time of GBC patients.

4. Conclusion and prospects

Patients diagnosed with GBC often miss the opportunity
for surgery due to late detection, and thus chemotherapy
becomes a crucial treatment option to prolong patient
survival. The initial use of commonly used clinical
chemotherapeutic agents such as gemcitabine and
cisplatin has shown promising therapeutic effects.
However, the development of chemoresistance has
diminished the effectiveness of these agents and hindered
their ability to provide long-term support for patients.
Therefore, addressing chemotherapy resistance has
become an important issue in extending patients' lives.

In the past decade, drug resistance in GBC has gained
unprecedented attention, and researchers are addressing
this challenge on two fronts. Firstly, efforts have focused
on understanding the mechanisms underlying resistance.
Alterations in apoptotic pathways and increased
extracellular derivation have been identified as key
contributors to drug resistance, while changes in miRNA
expression seem to play a crucial role in the development
of resistance. Secondly, researchers are investigating
the development of new drugs that can overcome
resistance in GBC cells, which arise when conventional
chemotherapeutic agents are used.

To date, significant efforts have been dedicated to
eliminating drug resistance as a therapeutic strategy

and improving its efficacy. While studies have reported
findings on various mechanisms that contribute to the
development of drug resistance, there are limited in-
depth and continuous studies available to systematically
explain the mechanism of drug resistance in gallbladder
cancer. Additionally, validation in large multicenter
clinical trials is still challenging as gallbladder cancer is
relatively rare and the number of patients with the disease
per hospital is small. With regards to new small molecule
drugs, although they have shown remarkable inhibitory
effects on tumor cells in basic experiments, it is still a
long road ahead before they can be clinically tested to
benefit tumor patients. As such, further research and
development are necessary to improve the understanding
and management of drug resistance in gallbladder cancer.

In the future, further attention should be given to the
following aspects: In basic research, emphasis should be
placed on the mechanisms of drug efflux and apoptosis,
with a particular focus on changes in various pathways
during drug resistance, and systematic studies should be
conducted to identify the key points of drug resistance.
At present, correlation studies on MDR are too lacking
to form a systematic study. Since the generation of
MDRs is responsible for almost 90 percent, it should be
the most important point for future basic research. The
elucidations of the mechanisms and pathways of MDR
can lead to the design of new drugs, targeted drugs and
the most efficient way to benefit patients.
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