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Simple Summary: Esophageal cancer is a challenging cancer with a poor prognosis. Targeted phar-
macological therapy has emerged as a viable option for improving patient outcomes. This article 
examines the usage of numerous medications that target certain cancer growth pathways such as 
EGFR, HER-2, VEGFR, mTOR, and cMET. It also discusses the influence of medication resistance 
on therapy efficacy. While these targeted medicines do not promise a cure, they have the potential 
to improve survival rates in patients with esophageal cancer. 

Abstract: Esophageal cancer is a formidable challenge in the realm of cancer treatment. Conven-
tional methods such as surgery, chemotherapy, and immunotherapy have demonstrated limited 
success rates in managing this disease. In response, targeted drug therapies have emerged as a 
promising strategy to improve outcomes for patients. These therapies aim to disrupt specific path-
ways involved in the growth and development of esophageal cancer cells. This review explores 
various drugs used to target specific pathways, including cetuximab and monoclonal antibodies 
(gefitinib) that target the epidermal growth factor receptor (EGFR), trastuzumab that targets human 
epidermal growth factor receptor 2 (HER-2), drugs targeting the vascular endothelial growth factor 
receptor (VEGFR), mTOR inhibitors, and cMET inhibitors. Additionally, the article discusses the 
impact of drug resistance on the effectiveness of these therapies, highlighting factors such as cancer 
stem cells, cancer-associated fibroblasts, immune-inflammatory cells, cytokines, hypoxia, and 
growth factors. While drug targeting approaches do not provide a complete cure for esophageal 
cancer due to drug resistance and associated side effects, they offer potential for improving patient 
survival rates. 

Keywords: Esophageal cancer; Targeted drug therapies; Pathway targeting; Drug resistance; Patient 
survival rates 
 

1. Introduction 

Esophageal carcinoma (EC) is a malignant disease with devastating effects. It is the 
ninth most common cancer and ranks as the sixth leading cause of cancer-related deaths 
worldwide [1]. EC, which includes esophageal squamous cell carcinoma (ESCC) and 
esophageal adenocarcinoma (EAC), is a kind of cancer that develops in the esophagus [2]. 
If it occurs in the middle or upper portion, EC can be fatal [3]. The male-to-female ratio is 
3:1 for ESCC, while for EAC, it is 6:1. However, this ratio varies significantly across dif-
ferent geographical locations [4, 5]. Cohort studies indicate that the incidence of esopha-
geal cancer increases with age, with the typical age of onset being 65 to 70 years [6]. EC is 
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characterized by progressive dysphagia and weight loss. Dysphagia often presents with 
vomiting of undigested food [7]. 

Tobacco smoking and excessive alcohol consumption, particularly when combined, 
are the primary risk factors for esophageal squamous cell cancer. EC is associated with 
gastroesophageal reflux disease and obesity [8]. A study suggests that squamous cell car-
cinoma is linked to an overrepresentation of C to A substitutions, which is more common 
among cigarette users [9]. Esophageal adenocarcinoma is associated with abnormalities 
in homologous recombination repair, a high mutational burden, or an aging-related C to 
A or T mutation pattern [10]. According to the World Health Organization, based on the 
Global Burden of Disease Study 2015, the estimated mortality rate from EC is 439,025 [11]. 
In 2018, there were approximately 500,000 cases of EC worldwide. Unfortunately, most 
patients are diagnosed at an advanced stage, resulting in a low overall survival rate of 
20% at the end of five years [12]. However, multimodal therapy may lead to better out-
comes as it has shown some improvement in overall survival [13]. Patients diagnosed with 
ESCC or EAC often present at an advanced stage, leaving limited treatment options. 
Chemotherapy is employed as a palliative approach for end-of-life cancer patients [14]. 
Unfortunately, there have been few significant clinical advancements in EC treatment 
over the past three decades, resulting in modest improvements in survival rates [15]. 
Chemotherapy has been a cornerstone in EC treatment, while molecular targeted therapy 
and immune checkpoint inhibitors have been investigated in preclinical and clinical trials 
[7, 16, 17]. Targeted molecular therapy serves as a vital adjunct to chemotherapy, although 
only a few targeted therapies are currently available in clinical practice [18]. Despite the 
initial success of targeted therapy in early-stage EC treatment, patients inevitably develop 
drug resistance during the course of treatment [19]. In addition to treatment resistance, 
recurrence and metastasis are the primary causes of treatment failure [20]. 

Several monoclonal antibodies and tyrosine kinase inhibitors (TKIs) have been dis-
covered to date. These drugs can be used alone or in combination with conventional treat-
ments to improve the prognosis of ESCC patients. This review primarily focuses on the 
utilization of different drug types to target signaling pathways (EGFR, HER2, VEGF, 
HGF/cMET, mTOR) associated with EC and inhibit their activity. Additionally, we ad-
dress challenges related to targeting, such as cancer heterogeneity and the molecular 
mechanisms underlying drug resistance. Furthermore, we discuss the side effects of drugs 
used in targeting and present future prospects. 

Drugs targeting the key signalling pathway 

ESCC is believed to result from the dysregulation of cell signaling networks rather 
than individual mutations, as supported by recent research. There is an increasing con-
sensus that mutations primarily affect signaling pathways rather than specific genes [21]. 
Therefore, targeting drugs towards these specific signaling pathways is crucial to reduc-
ing the risk of cancer. Numerous monoclonal antibodies and tyrosine kinase inhibitors 
have been discovered to date, which can be utilized alone or in combination with conven-
tional treatments to improve the prognosis of esophageal cancer [22].(Figure 1) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 June 2023                   doi:10.20944/preprints202306.1650.v1

https://doi.org/10.20944/preprints202306.1650.v1


 

 

 

FIGURE-1: Schematic representation of medications targets the pathway and prevents 
downstream signaling. 
Cetuximab and nimotuzumab are monoclonal antibodies that target the EGFR, while ge-
fitinib and lapatinib are EGFR receptor tyrosine kinase inhibitors that bind to the RTK do-
main of EGFR, thereby downregulating signaling. Trastuzumab specifically targets HER-
2 and increases the survival of patients. Ramucirumab is a monoclonal antibody that binds 
to VEGFR, while endostar and apatinib inhibit downstream signaling pathways. Rilo-
tumumab inhibits the interaction of hepatocyte growth factor (HGF) with c-MET, and 
obinutuzumab blocks c-MET from binding to HGF. Rapamycin and everolimus inhibit 
mTOR signaling. All these drugs downregulate signaling, block esophageal cancer cell 
proliferation and division. 

 

Drug targeting EGFR pathway 

EGFR is a transmembrane growth factor receptor family that initiates signal trans-
duction by activating a receptor-associated tyrosine kinase (RTKs) [23]. Upon ligand bind-
ing, this receptor triggers the formation of homodimers or heterodimers, which in turn 
activate the RAS-RAF-MEK-ERK-MAPK and PI3K-AKT-mTOR pathways, relaying 
downstream signals. Overexpression of EGFR contributes to carcinogenic effects [24, 25]. 
Recently, several drugs with similar mechanisms have been discovered to block EGFR 
signaling, enabling successful treatment of EC [26]. Numerous monoclonal antibodies tar-
geting EGFR have been designed, and inhibitors have been developed to inhibit EGFR 
signalling [27]. 

Anti EGFR monoclonal antibody 
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Anti-EGFR monoclonal antibodies have been widely explored and used in the treat-
ment of different malignancies, including EC. However, their usefulness in the treatment 
of EC is still being studied. Anti-EGFR monoclonal antibodies, such as cetuximab and 
nimotuzumab, precisely target and bind to the EGFR protein, blocking its signaling path-
ways. They have the potential to limit tumor growth and enhance patient outcomes. 

Cetuximab 

Studies have evaluated the efficacy of cetuximab in combination with chemotherapy 
or radiation therapy for the treatment of EC. The results have been mixed, and the overall 
benefit of cetuximab in this context remains uncertain. Studies shows that when adminis-
tered in conjugation with chemotherapy in other cancer, cetuximab gives improved re-
sults [28]. Cetuximab is effective in the treatment of advanced colorectal adenocarcinoma 
[29]. In addition, preclinical investigation indicates that cetuximab can overcome an es-
sential mechanism of radio resistance[30]. Cetuximab also increases overall survival in 
patients with resectable ESCC without increasing toxicities or postoperative morbidity 
[31]. 

Nimotuzumab 

The monoclonal antibody nimotuzumab has been utilized in cancer therapy due to 
its anti-EGFR activity [32]. Studies have demonstrated the effectiveness of nimotuzumab 
in combination with radiotherapy and chemotherapy for the treatment of EC [33]. The 
majority of these trials have reported positive outcomes. Phase I clinical trials involving 
patients with advanced EC utilized a combination of radiation therapy and nimotuzumab 
[34]. The trials determined that the maximum tolerated dosage was safe and tolerable. 
However, the ideal dose and frequency of nimotuzumab administration have yet to be 
established, although it has proven to be effective. Retrospective research suggests that 
nimotuzumab should be administered at a dosage of >200 mg per week [35]. In vitro stud-
ies have shown that nimotuzumab enhances the susceptibility of ESCC cells with high 
EGFR expression to radiation therapy. Additionally, nimotuzumab accelerates apoptosis 
in ESCC cells and inhibits the G2 phase of the ESCC cell cycle. In vivo, nimotuzumab 
inhibits EGFR phosphorylation and improves radiosensitivity in recurrent ESCC cells 
with EGFR overexpression [36].  

The variability in treatment responses may be attributed to the heterogeneity of 
esophageal cancer, differences in patient populations, and the complex interplay of vari-
ous molecular pathways involved in cancer growth. It's also important to consider that 
individual patient characteristics, such as EGFR expression levels and other genetic fac-
tors, can influence the response to anti-EGFR therapies. Anti-EGFR monoclonal antibod-
ies are usually used in combination with chemotherapy or other agents. Some anti-EGFR 
monoclonal antibodies have been studied in EC, but further research is needed to fully 
understand their efficacy and optimal use in this particular cancer. 

Anti EGFR tyrosine kinase inhibitor 

Tyrosine kinase inhibitors (TKIs) are small oral drugs that prevent ATP from binding 
to the tyrosine kinase domain, thus inhibiting the autophosphorylation of EGFR and its 
subsequent signal transduction. 

Gefitinib 

Gefitinib is an orally administered selective and reversible EGFR tyrosine kinase in-
hibitor (TKI) [37]. By blocking downstream signaling of EGFR in cells, gefitinib inhibits 
the growth and progression of cancer [38]. The expression of galectin-3 was found to alter 
EGFR endocytosis and tumor development in the presence of gefitinib [39]. In a study 
conducted by Xu et al., it was observed that the combination of gefitinib with cisplatin or 
5-fluorouracil (5-FU) improved the survival and quality of life in patients with advanced 
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ESCC [40]. A primary cell line derived from an EC patient with significant EGFR poly-
somy exhibited high sensitivity to gefitinib [41]. 

Icotinib 

The efficacy of icotinib, an EGFR tyrosine kinase inhibitor, was evaluated in ESCC 
cases with previous treatment and EGFR overexpression or amplification [42] Developed 
by Chinese scientists, icotinib is the first targeted small molecule drug designed as a novel 
anticancer therapy [43]. Preclinical studies have demonstrated that icotinib, an EGFR TKI, 
exhibits excellent specificity and selectivity towards its target, EGFR [42]. A study by 
Wang et al., icotinib was evaluated as a second-line treatment option for patients with 
advanced ESCC and EGFR overexpression or amplification. The results showed that ico-
tinib led to a significant improvement in overall survival and progression-free survival 
compared to chemotherapy [44]. Another study by Li et al. investigated the efficacy and 
safety of icotinib in combination with radiotherapy for locally advanced ESCC. The com-
bination therapy demonstrated promising results, with a higher overall response rate and 
longer median progression-free survival compared to radiotherapy alone [45]. 

Drug targeting HER2 pathway 

The HER2 oncogene is responsible for encoding a transmembrane tyrosine kinase 
receptor belonging to the epidermal growth factor receptor (EGFR) family. It plays a cru-
cial role in various cellular processes such as cell growth, migration, differentiation, pro-
liferation, and survival [46]. The HER2 receptor consists of three domains: an extracellular 
domain, a lipophilic transmembrane domain, and an intracellular kinase domain. Ligand 
binding triggers kinase activation, leading to receptor dimerization [47]. HER2 receptor 
can be activated by HER2 mutations or overexpression, independent of ligand binding 
[48]. HER2 expression has been identified in several cancers, including esophageal and 
gastric, breast, and ovarian cancer. HER2-specific antibodies have been developed to dis-
rupt HER signaling, employing two main mechanisms: receptor depletion from the cell 
surface and interference with heterodimerization [49, 50].  

Trastuzumab 

Trastuzumab is an anti-HER2 monoclonal antibody that exhibits preclinical activities 
including antibody-dependent cell-mediated cytotoxicity (ADCC) and inhibition of 
growth stimulation [49]. Currently Trastuzumab, has emerged as a promising therapeutic 
option in the treatment of EC, particularly in HER2-positive cases. Recent research has 
focused on evaluating the efficacy of trastuzumab in combination with chemotherapy. It 
received approval from the Food and Drug Administration (FDA) in October 2010 for the 
treatment of patients with HER2-positive metastatic gastric or gastroesophageal (GE) ad-
enocarcinoma who have not received prior treatment for metastatic disease. The approved 
regimen involves administering trastuzumab intravenously (IV) once every three weeks 
in combination with cisplatin and a fluopyrimidine (either capecitabine or 5-fluorouracil) 
[51]. 

The Trastuzumab for Gastric Cancer (ToGA) study, a landmark phase III clinical trial, 
demonstrated the benefit of adding trastuzumab to standard chemotherapy in HER2-pos-
itive advanced gastric or gastroesophageal junction cancer. Subsequent analyses of the 
ToGA study data have shown that the efficacy of trastuzumab extends to HER2-positive 
esophageal cancer as well. Patients with HER2-positive esophageal adenocarcinoma or 
squamous cell carcinoma treated with trastuzumab plus chemotherapy have shown im-
proved overall survival and progression-free survival compared to those receiving chem-
otherapy alone [52]. 

Moreover, the phase III JACOB trial further supported the use of trastuzumab in 
HER2-positive esophagogastric cancer. This study demonstrated that trastuzumab, when 
combined with chemotherapy, led to a significant improvement in overall survival and 
progression-free survival compared to chemotherapy alone [53]. These studies highlight 
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the importance of HER2-targeted therapy, specifically trastuzumab, in the management 
of HER2-positive EC. Initially marketed under the brand name Herceptin, comparable 
versions of trastuzumab, known as biosimilars, are now available under different names 
such as Ogivri, Herzuma, Ontruzant, Trazimera, and Kanjinti. These biosimilars have 
been developed to provide alternative treatment options while maintaining similar effi-
cacy and safety profiles to the original drug. 

Lapatinib 

Lapatinib, also known as Tykerb or GlaxoSmithKline, is a reversible inhibitor of 
EGFR and HER2. It acts as a dual tyrosine kinase inhibitor by binding to the intracellular 
ATP binding site of these kinases, preventing their activation. In vitro and in vivo studies 
have shown that Lapatinib inhibits the growth of cancer cells overexpressing EGFR and/or 
HER2 by blocking downstream signaling pathways [54]. To eradicate ESCC cells express-
ing EGFR and/or HER2, Cetuximab and/or Herceptin-mediated ADCC has been utilized. 
The efficacy of this approach has been associated with the level of receptor expression 
intensity  

Combining lapatinib with paclitaxel has been investigated by Guo et al, and they 
observed a synergistic effect on suppressing cell proliferation, as well as a significant de-
crease in ESCC cell invasion and migration. Treatment with lapatinib and paclitaxel led 
to a substantial decrease in the phosphorylation of downstream molecules MAPKs and 
AKT [55]. In vivo studies have shown that the combination of lapatinib and paclitaxel 
more effectively inhibits the growth of esophageal squamous carcinoma xenografts with-
out increasing toxicity [56]. Furthermore, Hassan et al. evaluated the effect of Lapatinib 
and Foretinib on the expression of apoptosis-related proteins in OE33 esophageal adeno-
carcinoma xenografts in vivo [57]. Overall, these studies provide evidence for the poten-
tial of Lapatinib as a therapeutic agent in the treatment of esophageal cancer, particularly 
in cases involving EGFR and/or HER2 overexpression. 

Drug targeting VEGF / VEGFR pathway 

Signaling from vascular endothelial growth factor (VEGF) stimulates angiogenesis 
by promoting the migration and proliferation of endothelial cells [58]. VEGF receptor 
(VEGFR) is a specific receptor for VEGFs, and both tumors and stromal cells produce 
VEGFs that bind to VEGFR, acting in either an autocrine or paracrine manner [3]. The 
three main VEGF receptors, VEGFR1, VEGFR2, and VEGFR3, regulate signaling path-
ways that mediate the biological effects of VEGF [59]. 

Activation of VEGFR signaling leads to the activation of various intracellular proteins 
such as extracellular signal-regulated kinase 1/2 (ERK1/2), protein kinase A (PKA), and 
protein kinase B (PKB/AKT), which facilitate signal transduction and contribute to cell 
proliferation, migration, and survival [60]. The VEGF/VEGFR signaling pathway is a tar-
get for therapy in EC because VEGF production is closely associated with the develop-
ment and prognosis of EC [61]. 

Ramucirumab 

VEGFR-2 is inhibited by Ramucirumab, which is a fully humanized monoclonal an-
tibody designed to bind to a ligand-binding epitope on VEGFR-2, thereby preventing 
VEGF ligands from interacting with this binding site [62]. In a phase I clinical study, it 
was observed that the concentration of VEGF A in the serum increased shortly after ramu-
cirumab treatment and remained elevated for extended periods. However, the concentra-
tions of VEGF 1 and VEGF 2 decreased immediately after ramucirumab therapy and re-
turned to near-pretreatment levels [63]. Ramucirumab has been approved as an effective 
medication for advanced gastric or gastroesophageal junction (GEJ) adenocarcinoma, ei-
ther as a monotherapy or in combination with paclitaxel in the second-line setting [64]. 

HGF/c-MET pathway 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 June 2023                   doi:10.20944/preprints202306.1650.v1

https://doi.org/10.20944/preprints202306.1650.v1


 

 

The c-MET (c-mesenchymal-epithelial transition) is a kinase receptor for hepatocyte 
growth factor (HGF) that has been implicated in carcinogenesis [65-67]. Upon interaction 
with HGF, c-MET activates several downstream signaling pathways, including the Phos-
phoinositide 3-kinase/threonine-protein kinase (PI3K/AKT) pathway, the Wnt pathway, 
and others [68-70]. In normal tissues, the HGF/c-MET receptor tyrosine kinase (RTK) path-
way remains inactive; however, it becomes active in various malignancies [71]. Yang et al. 
observed higher c-Met protein expression in EC tissues compared to surrounding tissues. 
Increased c-Met expression was associated with clinical stage, depth of invasion, and 
lymph node metastasi [72]. 

Rilotumumab and Obinutuzumab 

Rilotumumab and obinutuzumab are two drugs that target the HGF c-Met pathway. 
Rilotumumab is a fully humanized monoclonal antibody that inhibits the interaction be-
tween hepatocyte growth factor (HGF) and c-Met, thereby blocking c-Met activation and 
tumor development [73]. Obinutuzumab, on the other hand, is a humanized anti-MET 
antibody that prevents MET from binding to HGF [22]. Clinical studies involving gas-
tric/adenocarcinoma patients who are MET-positive and treated with a combination of 
these drugs and chemotherapy have shown mixed results. Rilotumumab was found to be 
ineffective in effectively treating patients, and obinutuzumab did not significantly im-
prove progression-free survival (PFS) or overall patient survival rates [74, 75].   

mTOR Pathway 

The mammalian target of rapamycin (mTOR) is a serine-threonine kinase family that 
plays a crucial role in regulating the downstream signaling of the PI3K/AKT pathway. 
The mTOR signaling system influences various cellular processes, including cell survival, 
growth, proliferation, and motility, and it is interconnected with growth hormones, nutri-
tion, and energy supply [76]. Dysregulation of mTOR is associated with cancer develop-
ment. High levels of phosphorylated mTOR (p-mTOR) have been linked to a poor prog-
nosis in ESCC, suggesting its potential as a therapeutic target [77]. Rapamycin, an 
mTORC1 inhibitor, is a drug that has been demonstrated to mimic the effects of calorie 
restriction and extend longevity [78]. Everolimus is another potent anticancer drug that 
inhibits mTOR activity [79]. Details description in Table 1 

 

Table 1. Summary of Drugs Targeting Pathways in Esophageal Cancer: Mode of Action, 

Findings, and Side Effects. 

Drugs name Targeting 

pathway 

Mode of ac-

tion  

Findings Side effects Reference 

Cetuximab EGFR Anti EGFR 
monoclonal 
antibody 

Effective in com-
bination with 
chemotherapy, 
Increase survival 
rate in  resec-
table  ESCC pa-
tient  

Hypomagnesamia [31, 80] 
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Nimotazumab EGFR Anti EGFR 
monoclonal 
antibody 

Nimotazumab + 
radiotherapy= 
used in phage I 
clinical trial, 
Stop G2 phasr of 
ESCC cell  cycle 

esophagitis, pneumon-
itis, leukopenia, gastro-
intestinal reaction, 
thrombocytopenia, ra-
diothermitis and fever  

[36, 81] 

Gefinitib EGFR Anti EGFR-
RTK inhibi-
tor 

Gefinitib + 5-FU= 
increase survival 
rate of advance 
ESCC patient 

Dry skin, Itching, rash, 
acne, mouth sores, and 
weakness,diarrhoea 
skin toxicity,fatigue 

[40] 

Icotinib EGFR Anti EGFR-
RTK inhibi-
tor  

 Rash and diarrhea [42, 82] 

Transtuzumab HER2  Monoclo-
nal anti 
HER2 anti-
body 

used in combina-
tion with cispla-
tin + fluopyrimi-
dine (either 
capecitabine or 
5-fluorouracil) 
for patient with 
HER2-positive 
metastatic gas-
tric or GE adeno-
carcinoma 

Fever and chills, 
cough,and.headache  

[47, 83] 

Lapatinib  Dual RTK 
inhibitor. 
Bind to 
ATP bind-
ing site and 
inhibit ki-
nase activ-
ity 

Lapatinib + 
paclitaxel = su-
press cell prlife-
tation and de-
crease ESCC cell 
migration,inva-
sion 

Face redness, dizziness, 
headache, shortness of 
breath, and anxiety  

[56, 84] 

Ramucirumab VEGF Monoclo-
nal anti-
body,block 
binding of 
VEGF to 
VEGFR 

Ramucirumab + 
paclitaxel = used 
in 2nd line treat-
ment of ad-
vanced GEJ ade-
nocarcinoma  

Hypertension, throm-
boembolism, rash, diar-
rhoea, and myelosup-
pression  

[85, 86] 
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Factor associated with targeted therapy 

Cancer heterogeneity 

Cancer is a complex disease characterized by genetic variations known as cancer het-
erogeneity, which can differ among various tumor types and individuals [98]. heteroge-
neity in ESCC has been widely recognized, with studies demonstrating diverse molecular 
profiles within tumors. This heterogeneity can impact various aspects of ESCC, including 
tumor progression, treatment response, and patient outcomes [99]. Furthermore, hetero-
geneity exists within individual tumor cells, posing significant challenges in cancer treat-
ment and potentially leading to drug resistance. In many cases, the majority of cancer cells 
within a tumor share common genetic alterations [21]. Understanding the extent of heter-
ogeneity in ESCC can enhance the predictability of therapy. 

Drug resistance 

Endastar VEGF Supress the 
signaling of 
VEGFR and 
inhibit en-
dothelial 
growth and 
migration  

Endostar in com-
bination with 
chemotherapy 
decline tumour 
weight  

Nausea, vomiting, fe-
ver etc. 

[87, 88] 

sarofenib VEGF Inhibit 
VEGFR2 

Reduce develop-
ment of EAC and 
GEJ in phase II 
clinical trial 

fatigue, weakness, red-
ness of the skin, hair 
loss, itching, dry or 
peeling skin, and a lack 
of appetite etc. 

[89, 90] 

Apatinib VEGF Inhibit 
RTK-
VEGFR2 re-
ceptor 

Having anti eso-
hageal cancer ef-
fect 

 Diarrhea ,nausea, 
vomiting, dry skin etc 

[91, 92] 

Anlotinib  VEGF Inhibit 
RTK-
VEGFR2/3 
receptor 

Increase disease 
controle rate in 
pretreated ad-
vanced ESCC 
patients 

thrombocytopenia and 
neutropenia,hypercho-
lesterolemia, dermal 
toxicity hypertriglycer-
idemia  

[93-95] 

Rilotumumab HGF-c-MET  Inhibit in-
teraction of 
HGF with 
c-MET 

rilotumumab 
cant not effec-
tively treat the 
pateients  

Nausea, vomiting, fe-
ver etc. 

[75] 

Obinautuzumab HGF-c-
MET 

Block MET 
from binding 
to HGF 

Obinutuzumab 
can not improve 
the patient sur-
vival rate 

decrease in the number 
of WBC and platelets 
cause nfection and 
bleeding. Fever; Tired-
ness and weakness, 
headache; Hair loss 

[22] 

Rapamysin and 
Everolimuzs 

m-TOR Inhibit m-
TOR 

Decrease cell pro-
liferation and 
grwth 

Stomatitis, rash, 
tiredness, hypergly-
cemia, hyper-
lipidemia,ect.. 

[96, 97] 
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Drug resistance is defined as a decrease in the effectiveness of a drug, such as an 
antimicrobial or antineoplastic agent, in treating a medical condition [100].Various factors 
contribute to drug resistance in cancer treatment, including limitations in drug distribu-
tion, increased drug efflux, mutations in drug targets, DNA damage repair mechanisms, 
evasion of programmed cell death, and activation of alternative pro-tumorigenic signaling 
pathways [101].. The prevalence of drug resistance in esophageal cancer (EC) is rising, 
posing a significant barrier to effective therapy [102]. 

Growing evidence suggests that the interaction between tumor cells and the tumor 
microenvironment (TME) plays a crucial role in drug resistance. The TME includes not 
only cancer cells and cancer stem cells but also tumor-associated stromal cells (such as 
tumor-associated fibroblasts, immune and inflammatory cells, and endothelial cells) as 
well as non-cellular components (such as hypoxia, cytokines, acidity, extracellular matrix, 
and exosomes) [103].  Overall, drug resistance in EC poses a significant challenge in 
achieving optimal therapeutic outcomes for patients, and understanding the complex in-
terplay between tumor cells and the TME is crucial for developing effective strategies to 
overcome resistance [104]. 

Cellular components involved in drug resistance 

Cancer Stem Cells 

Cancer stem cells (CSCs) are a small subset of cells within tumors that have the ability 
to initiate tumor formation and contribute to therapeutic resistance and cancer recurrence 
[105]. According to the stem cell theory of cancer, CSCs play a crucial role in tumor devel-
opment and progression [106]. CSCs possess stem cell-like properties, including plasticity, 
self-renewal, dormancy, and drug resistance, and they can be identified by specific surface 
markers [107]. Several studies have demonstrated that cancer cells with stem cell-like 
characteristics exhibit higher resistance to chemotherapy [108]. 

In esophageal cancer (EC), CSCs employ various mechanisms to protect themselves 
from cytotoxic substances, particularly by enhancing the drug efflux process. One such 
mechanism involves a group of cells called side population (SP) cells, which are identified 
by flow cytometry and characterized by specific surface markers [109]. SP cells, which are 
enriched in CSCs, express high levels of ATP-binding cassette (ABC) transporters, such as 
ABCG5 and ABCG2, responsible for effluxing multiple drugs and conferring multidrug 
resistance [110]. Additionally, esophageal CSCs may hinder the drug influx process 
through the downregulation of Copper Uptake Protein 1 (CTR1), which is facilitated by 
p75 neurotrophin receptor (p75NTR) positive cells possessing stem cell-like characteris-
tics and resistance to cisplatin [111, 112].In summary, esophageal CSCs utilize specific 
membrane transporter distributions to maintain intracellular drug concentrations at safe 
levels and evade the cytotoxic effects of chemotherapy. 

Cancer-Associated Fibroblasts 

Cancer-associated fibroblasts (CAFs) are a type of cell found in the tumor microen-
vironment that contributes to tumorigenic properties by promoting extracellular matrix 
remodeling and secreting cytokines. Fibroblasts exist in varying quantities in different 
types of carcinomas and often represent the majority of the stromal cell population within 
the tumor [113]. The term "cancer-associated fibroblast" encompasses at least two distinct 
cell types: (1) fibroblasts that resemble the structural support cells found in normal epi-
thelial tissues, and (2) myofibroblasts, which possess distinct biological roles and proper-
ties compared to tissue-derived fibroblasts [114]. 

CAFs, characterized by high levels of α-smooth muscle actin and fibroblast activation 
protein-α, are a significant component of the tumor stroma in the tumor microenviron-
ment (TME) and play a crucial role in cancer development and resistance to medications 
[115]. In esophageal cancer (EC) and other malignancies, carcinogenesis is associated with 
persistent inflammation and mucosal damage. Normal fibroblasts undergo 
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transformation into CAFs, which, in turn, confer drug resistance to neighboring EC cells 
by secreting soluble substances and enhancing pro-tumorigenic signals mediated by func-
tional molecules such as microRNAs and lncRNAs [116, 117]. Interleukin 6 (IL-6), a mul-
tifunctional cytokine involved in immunological and inflammatory responses, plays a role 
in cancer hallmarks, including treatment resistance. CAFs serve as crucial sources of IL-6 
within the TME, leading to increased chemoresistance [118, 119]. IL-6 derived from CAFs 
also contributes to chemoradiotherapy resistance in patients with esophageal adenocarci-
noma (EAC). 

However, CAFs in the tumor microenvironment have a significant impact on cancer 
development and drug resistance. Their secretion of soluble factors, including IL-6, and 
their ability to promote pro-tumorigenic signals contribute to the resistance of esophageal 
cancer cells to chemotherapy and chemoradiotherapy. 

Inflammatory Immune cells 

Tumor immune evasion is the ability of tumour cells to evade immunological re-
sponses by blocking T-cell activation [120]. These tumour cells build to programmed 
death ligand-1 and programmed death ligand-2 on the T-cell and inactivate them[121]. 
Cell surface inhibitors like PD-L1/2 and VISTA, as well as inhibitory receptors like PD-1, 
CTLA-4, T-cell immunoglobulin and mucin-domain containing-3 (TIM-3), and lympho-
cyte-activation gene 3 (LAG-3) are typically found in ECs[122]. Immune checkpoint drugs, 
such as nivolumab and pembrolizumab, have shown early promise in treating advanced 
or refractory EC[123]. In most studies, PD-L1 and PD-L2 are significantly expressed in a 
large number of ESCC patients (> 40%)[124]. The decreased level of tumor-infiltrating 
lymphocytes (TILs) has been linked to poor clinical outcomes in EC patients[125, 126]. All 
these factors are responsible for the low response rate of immunotherapy. 

Non-cellular components 

Cytokines 

Cytokines are markers for metastasis and angiogenesis, the primary causes of cancer 
death [127]. Cytokines released by the immune cells help activate several downstream 
pathways like JAT/STAT, NF-kβ, delta-notch to mediate various cancer characteristic 
traits [128]. In patients having esophagectomy, STAT3 activation by its principal inducers, 
IL-6 and IL-6R, has been linked to a poor prognosis [129]. IL-6 is produced by TME stromal 
cells like CAFs and confers chemoresistance on EC cells through various mechanisms 
[118, 130]. EC cells treated with cisplatin produce more IL-6, enhancing STAT3 phosphor-
ylation and conferring cancer markers, such as apoptosis evasion and chemoresistance 
[131]. The p65 component of NF-kβ is overexpressed and activated in EC specimens, and 
its link to 5-fluorouracil resistance has been confirmed in cultivated EC cell lines [132]. 
Downregulation of IL-1 receptor antagonist (IL-1RA) expression in EC is linked to tumour 
development and poor prognosis [133]. 

Hypoxia 

Hypoxia is an abnormally low amount of oxygen tension that occurs in most malig-
nant tumors [134]. Many hypoxia-inducible genes, such as hypoxia-inducible transcrip-
tion factor (HIF), a dimeric protein composed of a constitutively active component (HIF-
1) and an oxygen-sensitive subunit (HIF-1), are expressed when cancer cells are exposed 
to hypoxia[135]. In the EC, HIF-1 expression is linked to venous invasion, VEGF expres-
sion, and microvessel density [136]. Recent discovered state that a new lncRNA called 
EMS was hypoxia-induced and overexpressed in human EC tumour tissues and cell lines. 
Importantly, in the ECA-109 cell line, EMS expression was needed for hypoxia-mediated 
drug resistance to DDP [137]. 

Growth factors 
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Growth factors are responsible for the proliferation and differentiation of the cell. 
IGF-1 prevents apoptosis generated by various pharmacologic agents in EC, including 
cisplatin, 5-fluorouracil, and camptothecin (Liu et al., 2002). IGF-1, partly produced by 
Id1, can upregulate survivin expression via the PI3K/Akt and casein kinase 2 signaling 
pathways, inhibiting Smac/DIABLO release and activating caspases responsible for 5-
fluorouracil-driven cell death [138]. In SLMT-1/CDDP1R cells(cisplatin/CDDP resistance), 
overexpression of IGFBP5 using an IGFBP5 expression vector reduced cisplatin resistance 
by 41%. As a result of recent findings, it is concluded that IGFBP5 suppression is one of 
the methods by which ESCC cells acquire cisplatin resistance[139]. IGF2 is involved in the 
regulation of EC chemoresistance. Although blocking the IGF2 receptor IGF1R can sensi-
tize ESCC cells to 5-FU therapy, the function and mechanism of IGF2 in 5-FU chemo-
resistance have remained unknown[42]. By comparing the genome-wide gene profiles of 
the sensitivity and resistant xenografts, a recent study includes a cetuximab-sensitive 
ESCC tumour model that developed resistance to cetuximab as a result of FGFR2 gene 
amplification and overexpression [140]. In addition, although the mechanism is uncertain, 
FGFR inhibitors can decrease FGF-mediated lapatinib resistance[141]. 

Conclusion 

In this review, we comprehensively discuss the latest advancements in drug target-
ing for EC. These drugs primarily aim to disrupt the various pathways involved in cell 
proliferation and differentiation, which contribute to the development of EC. Their mech-
anisms of action involve binding to specific receptors within these pathways, thereby in-
hibiting ligand binding or blocking downstream signaling. Notably, inhibitors targeting 
VEGFR (ramucirumab) and HER-2 (trastuzumab) have demonstrated improved survival 
outcomes and prognoses in advanced esophageal squamous cell carcinoma (ESCC) and 
esophageal adenocarcinoma (EAC). These medications are typically administered in com-
bination with chemotherapy, radiotherapy, and immunotherapy. Combination therapy 
has been shown to impact the tumor microenvironment, enhance tumor cell response to 
targeted therapies, and improve disease control. Despite the extension of patients' lives 
achieved through targeted therapy, complete recovery remains elusive due to the emer-
gence of medication resistance. Drug resistance in EC is a multifaceted process involving 
cancer cells, cancer stem cells (CSCs), tumor-associated stromal cells, hypoxia, immune-
inflammatory cells, cytokines, growth factors, and other factors. Overcoming this chal-
lenge may lie in the future development of combination therapies, although adverse 
events associated with such treatments cannot be entirely avoided. Therefore, addressing 
the side effects of targeted therapy remains an important aspect to be resolved. Ongoing 
research efforts are focused on identifying and developing new targeted drugs to improve 
the treatment outcomes of EC. Further investigation is warranted to overcome drug re-
sistance and effectively manage the side effects associated with targeted therapies in EC 
treatment. 
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