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Abstract
The intricate interplay of colorectal cancer (CRC) and gastric cancer (GC) as dual 
primary malignancies presents a significant challenge in surgical oncology. CRC 
is the most common secondary malignancy in GC patients, and vice versa, 
evidence highlighted by advances in diagnostic procedures and therapy 
modalities that impact patient survival. A recent study titled “Features of 
synchronous and metachronous dual primary gastric and colorectal cancer” 
explores this enigmatic dual malignancy, uncovering crucial insights into the 
clinical characteristics and prognostic distinctions between synchronous and 
metachronous presentations. Notably, metachronous cases with a second primary 
cancer discovered more than six months after the first diagnosis have a better 
outcome, emphasizing the importance of early detection and treatment. This 
study underscores the prognostic role of GC stage in patient outcomes. It also 
sheds light on the complexities faced by synchronous cases, often presenting with 
unresectable CRC. Surgery-related procedures, like gastrectomy and colon 
resection, stand out as important predictors of increased survival, necessitating a 
reevaluation of current therapeutic approaches. A tailored and patient-centered 
strategy, considering the health of each patient individually and the feasibility of 
radical treatments, is essential. Continuous follow-up and monitoring are crucial 
as most second primary cancers arise within five years. In conclusion, early 
diagnosis, surgical intervention, and watchful surveillance are pivotal in 
managing dual primary gastric and colorectal cancer patients. Since the incidence 
of gastric and colorectal cancers continues to rise, the imperative need for further 
research, ideally with larger sample sizes, becomes evident in our pursuit of 
comprehensive insights that will refine clinical approaches for this intricate dual 
malignancy.

Key Words: Multiple primary cancers; Colorectal cancer; Gastric cancer; Dual primary 
cancers; Synchronous cancers; Metachronous cancers
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Core Tip: This editorial explores the complex landscape of dual primary gastric and colorectal cancer (DPGCC), invest-
igating synchronous and metachronous cases. It uncovers a clear prognostic gap, emphasizing the need of early detection. 
The research underlines the pivotal role of surgical interventions, with gastric cancer stage significantly impacting patient 
outcomes. It also highlights the need for regular follow-up due to the majority of second primary cancers occurring within 
five years. The current literature provides guidance for individualized therapeutic approaches, enhancing patient prognoses, 
and underscores the intricate and multifaceted character of managing DPGCC.

Citation: Marano L. Dual primary gastric and colorectal cancer: A complex challenge in surgical oncology. World J Gastrointest 
Oncol 2023; 15(12): 2049-2052
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2049.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2049

INTRODUCTION
The intersection of colorectal cancer (CRC) and gastric cancer (GC) as dual primary cancers presents a significant 
challenge in surgical oncology[1]. CRC, with an incidence of 11.4%, ranks among the most frequent tumors associated 
with multiple primary cancers[2], while GC can evolve into a second primary cancer, with an incidence ranging from 1% 
to 4.2% in GC patients[3-5]. The intricate relationship between these malignancies is bidirectional, with CRC being the 
most common second primary cancer in GC patients, and GC the most common second primary cancer in CRC patients
[6-8]. Advances in diagnostic techniques and treatment modalities leading to extended patient survival will likely 
increase the detection and incidence of multiple primary cancers. This necessitates a comprehensive approach to the 
evaluation and management of dual primary gastric and CC (DPGCC). A recent study by Lin et al[9], titled “Features of 
synchronous and metachronous dual primary gastric and colorectal cancer”, addresses this complex aspect of surgical 
oncology, providing valuable insights into the clinical characteristics and prognosis of DPGCC patients. Notably, the 
study reveals a distinct difference in prognosis between synchronous and metachronous DPGCCs. Patients with 
metachronous DPGCC exhibited a more favorable prognosis, underlining the significance of early diagnosis and 
intervention. The study also highlights the high rate of unresectable CC in synchronous DPGCC patients, emphasizing 
the complexity of managing this dual malignancy. Additionally, it underscores the critical influence of GC stage on 
patient outcomes, with stage III-IV patients experiencing a considerably worse prognosis. Surgical interventions, such as 
gastrectomy and colorectal resection, significantly improved survival rates. Regular follow-up and surveillance emerged 
as crucial components, with the majority of second primary cancers in DPGCC cases occurring within five years. The 
study’s findings have important implications for tailoring treatment strategies and improving patient outcomes in 
DPGCC.

SYNCHRONOUS VS METACHRONOUS DPGCC: A PROGNOSTIC GAP
The theory of the etiologic field effect, frequently invoked in the field of multiple primary cancers, offers valuable insights 
into the pathogenesis and evolution of DPGCC[10]. This theoretical framework postulates that the epithelium of the 
gastrointestinal tract is subjected to a dynamic interplay of genetic and environmental variables, which increases the 
tendency for carcinogenesis. Both the stomach and the colorectum are equally sensitive to these factors’ effect because 
they are both essential parts of the continuous mucosal epithelium lining the digestive tract, exposing patients to 
synchronous or metachronous carcinogenesis. Empirical research confirms a detectable relationship between the initial 
primary cancer and the second primary cancer in patients with multiple primary neoplasms, highlighting the intricate 
multifactorial etiology of DPGCC[11-13]. This enriches our understanding of the intricate dynamics at play in the DPGCC 
landscape, shedding light on the relationships governing its occurrence. Importantly, the study’s primary finding, that 
patients with metachronous DPGCC exhibit a more favorable prognosis compared to synchronous cases, is consistent 
with previous studies on multiple primary cancers’ prognosis[14-16]. This observation underscores the need for tailored 
treatment strategies and watchful surveillance for patients with synchronous DPGCC, further illuminating the factors 
influencing this gap in prognosis and refining our approach to managing these challenging cases.

RESECTION AS A PROGNOSTIC KEY FACTOR
The study emphasizes the central role of clinicopathologic characteristics of DPGCC and the inclusion of therapeutic 
factors in the prognostic analysis[16]. Gastrectomy and colorectal resection were associated with better prognosis, 
highlighting the importance of early diagnosis and surgical intervention. The identification of GC resection as an 
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independent predictor of overall survival aligns with the benefits of surgical intervention in GC[17]. This underscores the 
value of radical surgery in synchronous DPGCC cases, encouraging a reconsideration of treatment strategies and the 
need for improved diagnostic and therapeutic approaches for this specific dual malignancy.

On the other hand, the research also highlights the high rate of unresectable CC in synchronous DPGCC patients as 
well as the significant impact of GC stage on patient prognosis, underscoring the importance of early detection and 
further investigation to identify contributing factors. It is essential to emphasize that the treatment approach for DPGCC 
remains challenging and multifaceted, requiring individualized evaluation and consideration of patient health and the 
feasibility of perioperative multidisciplinary treatments associated with radical surgeries.

INTENSIVE FOLLOW-UP: A KEY ISSUE
Early diagnosis and timely intervention are essential in the clinical management of DPGCC[14]. The research demon-
strates that most second primary cancers in DPGCC cases occur within five years, highlighting the importance of 
intensive surveillance and follow-up for patients with gastric or CC. Postoperative monitoring of the entire digestive tract 
is essential, and patients who have extensive resections might need protracted monitoring, underlining the importance of 
thorough, long-term follow-up to achieve the best outcomes.

CONCLUSION
In conclusion, early diagnosis, surgical resection, and watchful follow-up are essential for managing DPGCC patients. 
The current literature conclusions call for a reevaluation of therapeutic approaches, particularly in synchronous cases 
when radical surgery may hold the key to improved outcomes. Furthermore, economic considerations should also be 
explored to determine the cost-benefit ratio of surveillance strategies. As the incidence of gastric and colorectal cancers 
continues to rise, the insights derived from this research, as well as the current body of literature, will steer us toward 
more effective treatment and follow-up strategies for DPGCC. Further research, ideally with larger sample sizes, is 
imperative to corroborate and expand upon these findings, thereby offering a more comprehensive understanding of 
DPGCC and guiding more effective clinical approaches in the future.
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Abstract
Gall bladder cancer (GBC) is becoming a very devastating form of hepatobiliary 
cancer in India. Every year new cases of GBC are quite high in India. Despite 
recent advanced multimodality treatment options, the survival of GBC patients is 
very low. If the disease is diagnosed at the advanced stage (with local nodal 
metastasis or distant metastasis) or surgical resection is inoperable, the prognosis 
of those patients is very poor. So, perspectives of targeted therapy are being taken. 
Targeted therapy includes hormone therapy, proteasome inhibitors, signal 
transduction and apoptosis inhibitors, angiogenesis inhibitors, and immunothera-
peutic agents. One such signal transduction inhibitor is the specific short 
interfering RNA (siRNA) or short hairpin RNA (shRNA). For developing siRNA-
mediated therapy shRNA, although several preclinical studies to evaluate the 
efficacy of these key molecules have been performed using gall bladder cells, 
many more clinical trials are required. To date, many such genes have been 
identified. This review will discuss the recently identified genes associated with 
GBC and those that have implications in its treatment by siRNA or shRNA.

Key Words: Gall bladder cancer; Gene biomarker; Targeted therapy; siRNA mediated 
therapy; Prognosis; Advanced therapy of gall bladder cancer
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Core Tip: The frequency of gall bladder cancer (GBC) in India has increased. The 
survival of GBC patients is also poor. In this context, some genes have been recognized 
which are involved in the carcinogenesis of GBCs. In this review, we have discussed 
such genes which could be aimed for the development of targeted therapy for GBC.
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INTRODUCTION
Gall bladder cancer (GBC) is the most common among hepatobiliary cancers. In India every year approximately 19570 
new cases are detected and approximately 14736 death occurs due to GBC. According to the Cancer Registry, the rate of 
GBC is highest in Bolivia (14/100000) and Chile (9.3/100000)[1]. Recently, the occurrence of GBC in India is comparable 
and close to these countries. In 2001-2004, 6-7 individuals suffered from GBC among 100000 individuals, but in 2012-2014, 
10-11 individuals suffered from GBC among 100000 individuals[2]. The total number of GBC cases in India is about 10% 
of the total GBC cases in the world. The rate of GBC is increasing in India in both males and females. If only the north and 
northeast are considered, the rates are even higher, which are 11.8/100000 and 17.1/10000 respectively (National Cancer 
Registry Program, 2012-2014). GBC is found to have a poor prognosis. Among the patients diagnosed with GBC, the 
average 5-year survival rate is as low as 19%. Unfortunately, most of the GBCs are detected after malignant cells have 
spread to other organs. In that case, chemotherapy and palliative treatment are the only options (Figure 1). Other 
approaches of tailored treatment are necessary for the treatment of this disease (Figure 1). Next-generation sequencing, 
whole exome sequencing, RNA sequencing, single cell isolation, and proteomics are some of the approaches to tailored 
treatment. This has been applied to specific target treatment, immunotherapy, vaccine therapy, and treatment with 
nanoparticles, which are already in clinical trials[3]. Therefore, a detailed study of the key molecules involved in the 
process of carcinogenesis of GBC is necessary for the tailored treatment of this disease.

Short interfering RNA (siRNA) is a small double-stranded RNA interfering molecule whereas, short hairpin RNA 
(shRNA) is a single-stranded RNA molecule folded into a hairpin or stem-loop-like structure. siRNA can be endogenous, 
exogenous, or artificial in origin for transient expression. Primarily, siRNA is to provide viral/bacterial defense and 
genomic stability. It is very similar to microRNA (miRNA), which mainly functions as an endogenous regulator of gene 
expression through gene silencing. ShRNA is an artificial molecule integrated into genomic DNA for long-term gene 
silencing of a specific gene expression. The shRNA is processed by DICER to generate siRNA. These siRNAs are then 
untwisted by helicases into two single strands, one is called the passenger strand and the other is called the guide strand. 
The guide strand combines with other components to form the RNA-induced silencing complex (RISC). The other main 
components of RISC are transactivation response RNA binding protein, protein activator of protein kinase R, and 
Argonaute2 (Ago2). The guide strand binds to its complementary mRNA strand. Ago2 cuts and removes the targeted m-
RNA. This mRNA becomes inactive and then cannot be translated and expressed. So, when a specific siRNA is 
introduced into the cell, it stops the translation of the corresponding mRNA.

In this review, we will describe some siRNA-based gene therapeutic techniques that have yielded positive results for 
the implication of treatment of GBC. In the present review, we have identified some genes that are responsible for the 
spread of GBC cells. Approaches for silencing these genes could have the potential for the treatment of this disease. One 
approach to silencing these genes is by constructing and delivering specific short-interfering RNAs or siRNAs. 
Technology for the construction of specific siRNA has already been developed and is in practice.

TARGET GENES FOR siRNA-MEDIATED GBC THERAPY
Genes related to the development of gall bladder tumor
KRAS (Kirsten sarcoma viral oncogene homolog): The gene KRAS encodes a protein which is 21 kDa and occurs in the 
inner side of the plasma membrane of those cells which could bind GTP and have the ability to convert GTP into GDP. 
However, when KRAS is attached to GTP, it remains active and plays an important role in the cell signaling pathways[4]. 
When GTP is converted to GDP, KRAS becomes inactive. Mutations in the KRAS gene result in the loss of the ability of 
the KRAS protein to return to its inactive form. This affects cell signaling pathways[5]. It was evident from a set of 
experiments that mutation of KRAS causes the development of gall bladder adenoma[6]. The possible mechanism is that 
KRAS activates the NOTCH signaling pathway and leads to tumor development.

PIK3CA (Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha): The gene PIK3CA encodes a protein 
(p110), which is the stimulating subunit of the enzyme PI3K. It is well known now that PI3K participates in many events 
of cell signaling and is well-linked to cell growth and proliferation[7]. In a set of experiments examining the role of PI3K-
AKT in gall bladder tumorigenesis, it was observed that the PI3K-AKT pathway is disturbed when PIK3CA is mutated. 
The gall bladder epithelial cells are directed towards mesenchymal transition and lead to tumor formation[8].

Genes related to invasive metastasis
CD44 (Cluster of differentiation 44): CD44 is a glycoprotein which is found in the lipid bilayer. It is encoded by the gene 
CD44 present on chromosome 11[9]. This glycoprotein is required in the interplay between the cells, mainly in cell 
attachment and migration. It is found to have a function in the activation of lymphocytes, formation of blood cell 
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Figure 1 Current scenario of gall bladder cancer treatment strategies. T1a, T1b, T2, T3, and T4 stand for the different T stages of gall bladder cancer. 
Usually, the T1a, T1b, and T2 tumors could be removed by surgery but this should be confirmed only after a CT scan. T3 and T4 tumors usually cannot be removed 
by surgery and other approaches are taken to treat them. GBC: Gall bladder cancer.

components, cell proliferation, cell differentiation, and angiogenesis. Though, CD44 has a few other ligands, mainly 
hyaluronan binds to CD44 and activates it for the regulation of many pathways like the RAS, MAPK, and PI3K pathways 
which are associated with cell proliferation, cell differentiation, and angiogenesis[10,11]. Figure 2 shows how CD44 is 
linked to the MAPK pathway.

It is overexpressed in many cancers including those of the liver and gall bladder. The movement and occupation of the 
stroma by the GBC cells are also decreased on CD44 inactivation. CD44/CD133 positive cells also behave as cancer stem 
cells. CD44, in union with NANOG (another cancer stem cell marker), is found to have stimulated some multidrug-
resistant genes and thus tumor development[12]. When tested for cancer stem cells, they were found to be reduced in 
activation of CD44 by CD44-siRNA. The total life span of patients in whom CD44 was overexpressed was much less than 
those who did not express CD44[13].

In a set of experiments by He et al[13], CD44-siRNA constructs were prepared by Sangon Biotech. A GBC cell line 
(GBC-SD) was transfected with CD44-siRNA. The expression of CD44 decreased significantly in the CD44-siRNA 
transfected cells as revealed by immunohistochemical staining, Western blot, and real-time PCR. The apoptosis of these 
cells increased considerably, which was detected by flow cytometry, while the proliferation capacity of these cells was 
considerably decreased as observed by cell counting kit-8 (CCK-8) assay. In this study involving CD44-mRNA it was 
found that CD44 is unhindered in hepatobiliary tumors and CD44 protein is expressed much more in gall bladder 
carcinoma tissues than non-malignant tissues. The overall survival of these patients is also poor. Silencing of the CD44 
gene by delivering the corresponding siRNA in the cells has led to decreased expression of CD44.

EGFR (Epidermal growth factor receptor): EGFR/ErBB1 is a member of the receptor tyrosine kinase family. It is a 
transmembrane protein that is turned by the binding of its ligand (epidermal growth factor or transforming growth 
factor). When EGFR is turned on, it forms a dimer with itself or with another member of the receptor tyrosine kinase 
family, leading to its phosphorylation. This phosphorylation, in turn, leads to the activation of its target proteins which 
are the components of either the MAPK or AKT, or JNK pathways, and ultimately cell proliferation occurs[14,15]. 
Figure 2 shows how EGFR could activate the MAPK pathway.

In a set of experiments by Iyer et al[16], exome analysis and sequencing were performed to detect tumor-specific 
mutations in GBC tissues. EGFR and ERBB2 were turned off using EGFR-specific shRNA and ERBB2-specific shRNA. Cell 
proliferation of the transfected cells was assessed by MTT colorimetric assay. Expression of various tumor markers in the 
transfected cells including EGFR was estimated by Western blot assay and Immunohistochemistry. Migration assays of 
the transfected cells revealed that there was a considerable decrease in migration and invasive abilities of the transfected 
cells.

ERBB2 (erythroblastic oncogene B 2): It is a tyrosine kinase, also known as HER2/neu or receptor tyrosine–protein 
kinase ERBB-2 or CD340, belonging to the Erb family of receptor tyrosine kinases. In humans this Erb family consists of 
Her1 (EGFR/ErbB1), Her2 (Neu/ErbB2), Her3 (ErbB3) and Her4 (ErbB4)[17,18]. HER2/neu is a protein encoded by the 
gene ERBB2, present in the long arm of chromosome 17. When a ligand binds to this receptor, it undergoes dimerization 
activates many signaling pathways, and finally leads to cell proliferation and growth[19]. It has been found that HER2/
neu could initiate the PI3K/Akt[20,21] and also the MAP kinase pathway[22]. Figure 2 shows how HER2/neu could 
activate the MAP kinase pathway. In an experimental setup by Kiguchi et al[23], HER2 was overexpressed in Gall bladder 
adenocarcinoma of mice. Silencing of ERBB2 was found to curb the penetrating, relocating, and docking free growth 
properties of human GBC-SDs, provided that KRAS (G12V) is not mutated in these GBC-SDs[16], as visualized by prolif-
eration and migration assays. It was also visualized that due to the silencing of ERBB2, it was unable to signal target 
proteins of the MAPK pathway.
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Figure 2 Mechanism of MAP kinase activation by some of the target genes. ERBB members: EGFR/ Her2/ErbB3/ErbB4; GRB: A serine protease and 
shortened form of Granzyme B; EZRIN: A protein needed for activation of RAS; SOS: Guanosine nucleotide exchange factor helps in the activation of RAS, the name 
derived from Son of Sevenless gene; RAS: A G protein, the name is derived from rat sarcoma virus; RAF: Serine threonine protein kinases and shortened form of 
rapidly accelerated fibrosarcoma; MAP kinase: Protein kinases and shortened form of mitogen-activated protein kinase; EGFR, HER2/neu, and CD44 are receptors 
embedded in the phospholipid bilayer and A-RAF protein is present in the cytoplasm; EGFR, HER2/neu, CD44, and ARAF activate the protein kinase, MAPK which 
ultimately results in the survival of tumor cells; HA: Hyaluronic acid; EGF: Epidermal growth factor; EGFR: Epidermal growth factor receptors.

ARAF: It is a serine-threonine kinase of the Raf-kinase family. There are three members of the Raf (rapidly accelerated 
fibrosarcoma) kinase family - ARAF, BRAF, and CRAF. These three enzymes have roles in the MAP kinase pathway 
(Figure 2). In humans, ARAF is encoded by the ARAF gene, located on the X chromosome (xp11.3)[24]. ARAF activates 
MEK proteins, which in turn activates extracellular regulated kinase (ERK) which is known to activate many transcription 
factors and drive the MAPK pathway toward cell proliferation[25,26]. In a set of experiments by Lin et al[27], the ARAF 
gene was found to be elevated in GBC cells. Silencing of ARAF by ARAF-siRNA hinders the proliferation of GBC cells in 
a GBC-SD, as studied by the CCK-8 assay. The drifting and intruding nature of GBC cells declined, as estimated from 
transwell and wound healing assays. When the GBC-SD was used for tumor formation in athymic nude mice, ARAF-
siRNA was injected. On regular monitoring of tumor size and volume, it was found that ARAF-siRNA was able to reduce 
the tumor volume remarkably.

Genes related to apoptosis
BMI1 (B-cell specific Moloney murine leukemia virus integration site 1): BMI1 is a member of the polycomb group 
family proteins which suppresses transcription. To date, many such polycomb proteins are known[28,29]. Some of the 
common ones are PRC1, PRC2, PHC1, PHC2, HP1, BMI1, PCGF1, PCGF2, RYBP, RING1, SUV39H1, L3MBTl2, EZH2, 
EE2, SUZ12, JARID2, REST, RNF2, CBF-β and YY1. Basically, they organize the chromatin of the specific gene in such a 
way that they are suppressed for a long period of time and during cell division. The human BMI1 gene is placed at the 
short arm of chromosome 10[30].

BMI1 gene has been found to interact with p16 and p19[31], which are inhibitors of cyclin-dependent kinases (CDK4 
and CDK6). P16 is a protein that disallows the cell from the G1 phase to the S-phase. P19 is a protein that has been found 
to direct p53 to stop the cell cycle at G1 and apoptosis in fibroblast cells[32]. BMI1 has been found to downregulate these 
inhibitors[33] and thus plays an important role in the progression of the cell cycle and sustaining cell division[34]. In a set 
of experiments by Jiao et al[35], BMI1-siRNA constructs were prepared by Shanghai Biotech. A GBC-SD was transfected 
with BMI1-siRNA. Initially, BMI1 was found to be expressed in a majority (84%) of the GBC patients as compared to 40% 
of normal patients who were taken up for the study. The expression of BMI1 decreased significantly in the BMI1-siRNA 
transfected cells as revealed by immunohistochemical staining, Western blot, and real-time PCR. The apoptosis of these 
cells increased considerably, which was detected by flow cytometry, while the proliferation capacity of these cells was 
considerably decreased as observed by the CCK-8 assay. Silencing of BMI1 by specific siRNA could induce apoptosis of 
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the GBC cells and decrease the proliferation of GBC cells, which could hinder the growth of GBC cells.

BCL2 (B-cell lymphoma 2): BCL2 belongs to the Bcl-2 family of proteins. It is present in the outer mitochondrial 
membrane, embedded in it, and plays an important role in the suppression of the pro-apoptotic proteins BAX and BAK
[36,37]. Thus, it plays a role in cell growth and proliferation. Overexpression of this gene with the upregulation of the 
proto-oncogene MYC has been found to be associated with some cancers[38]. In a set of experiments, GBC-SD were 
transfected with BCl2-siRNA according to the standard procedure by Lipofectamine[39]. The cells were cultured in 
media. The growth and the morphology of the resultant cells were observed. After a certain period of culture, expression 
of BCL2 was measured in the resulting cells by quantitative real time PCR (qRT-PCR) and Western blot. Expression of the 
BCL2 gene was found to be significantly lower in the BCL2-siRNA transfected group. On silencing of this gene, the GBC 
cells were found to be more responsive to chemotherapy drugs. In the nude mouse model experiments, the tumor volume 
also significantly decreased in the experimental group where this gene was silenced.

JAB1 (c-JUN activation domain binding protein 1): The gene JAB1 is positioned on chromosome 8. JAB1 is a co-activator 
of c-JUN, which is a well-known oncogene[40,41]. JAB1 is a member of a complex called constitutive photomorphogenic-9 
signalosome (CSN) complex, which positively controls cell proliferation and transcription of various genes[42]. It is 
essential in the advancement of the cell cycle from the G1 phase to the S-phase, as c-JUN controls the level of Cyclin D1. If 
c-JUN is not activated, the expression of p53 and p21 could be upregulated to prevent the cell cycle from advancing 
farther[43,44]. Activating factor AP1 binds to the promoter region of JUN and transcription of JUN begins[45]. AP1 is a 
transcription factor consisting of mainly four groups of proteins i.e. Jun (C-Jun, Jun-B, and Jun-D), Fos (FosC, FosB, Fra1, 
and Fra2), ATF/cyclic AMP responsive element, and Maf family proteins. Thus, c-JUN transcription is also controlled by 
c-JUN itself. JUN transcription could also be started with active ERK[46]. In a set of experiments by Pandey et al[47], 
increased levels of JAB1 were found in GBC tissues. JAB1-siRNA constructs were prepared and used to transfect GBC 
cells. JAB1 expression, cell growth, and apoptosis of these GBC cells were studied by qRT-PCR, Western blot, MTT, 
reactive oxygen species, Hoechst, and FITC/Annexin-V staining. In the cells in which JAB1 is expressed highly, prolif-
eration is turned on in these cells. GBC cells when transfected with JAB1-SiRNA decreased this proliferation considerably 
and programmed cell death was initiated. The cell cycle was found to halt at the G1 phase. Expression of the apoptotic 
gene CASP 3 and apoptotic regulatory genes p27, P53, and BAX were evident.

Genes related to the immune system
MIF (Macrophage migration inhibitory factor): MIF is a protein that plays a role in inflammatory responses. It has been 
found that though inflammation is a mechanism of the body’s defense if it occurs for a prolonged period, which occurs in 
the case of chronic inflammation could lead to cancer in some cases. One way, that chronic inflammation could be linked 
to cancer is thought to be through MIF[48,49]. MIF binds to its receptor CD74 and activates it and it then activates PI3K-
AKT, ERK, and NF-kappa B pathways[50,51]. It has been found to subdue the anti-inflammatory cytokines and enhance 
the other inflammatory cytokines[52]. MIF has been found to be upregulated in many cancers including GBC[53,54]. 
Inactivation of the MIF gene using MIF-siRNA reduces the proliferation and intruding properties of cancer cells as 
observed in the colony formation assays.

CD73: CD73 resists the proper functioning of the T-cells by interfering with their clonal expansion, their activation, and 
their cytolytic activities. It plays an important role in the process due to which tumors can escape the immune system. 
CD73 is a cell surface enzyme that induces the dephosphorylation of AMP into adenosine[55]. Adenosine activates the G-
protein coupled receptors (A2AR and A2BR) and plays a role in the escape of tumor cells by the immune system[56,57]. 
NOZ cells, a human GBC-SD were transfected with specific CD73-siRNA by Cao et al[58], and the expression of CD73 
was found to be reduced in transfected cells as observed by quantitative reverse transcription PCR and Western blot. 
Adherent cells and spherical aggregates of cancer cells were found to decrease when CD73 was silenced. When CD73 was 
silenced by CD73-siRNA, epithelial to mesenchymal transition was found to reduce in GBC cells. It could be one of the 
important reasons for the opposition to drugs by cancer stem cells. The growth of GBC cells in single layers and attached 
to the surface and also those which can grow without embankment were retarded. The migrating nature of the GBC-NOZ 
cells was found to be reduced as detected by trans well assays.

PDL1 (Programmed cell death protein 1 ligand): PDL1 binds to its receptor programmed cell death protein 1 (PD1) 
which is found on activated T-cells’ and B-cells’ surfaces[59]. The interplay between PD1 and PDL1 hinders the proper 
functioning of the T-cells[60]. PDL1 is expressed on the surface of many cancer cells[61]. The interaction of PD1 with 
PDL1 interrupts major histocompatibility complex and thus obstructs the interaction of PDL1 with its receptor PD1, as a 
result, antigen presentation to cytotoxic T-lymphocytes[3]. PDL1 is overexpressed in the GBC-NOZ cells. When PDL1 was 
silenced with PDL1-siRNA cell growth and transportability of GBC-NOZ cells were diminished. This was revealed by 
proliferation as well as wound healing assays[58].

Other genes: miRNA is short (about 20 nucleotides), single-stranded, intrinsic, and non-coding sequences of RNA found 
in all tissues or blood. They could silence a gene by binding it to the specific RNA, complementary to it. Their mechanism 
of action is similar to that of siRNA. However, miRNAs are procured from different regions of DNA than siRNA. About 
more than 2500 miRNAs have been found in humans. In GBC several miRNAs have been found to be uncontrolled.

In a microarray analysis of GBC tissues from patients who survived for a long period after diagnosis and those who 
survived for a short time[62], changes in the expression of miRNA were identified. It was found that only two miRNAs 
(hsa-miR-30a-3p and hsa-miR-660-5p) were suppressed in patients who survived long. However, 11 miRNAs were 
suppressed and 11 were stimulated in patients who did not survive long. This recommended the possible roles of these 
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miRNAs in GBC. In some other microarray analyses, changes in the expression of many other miRNAs have been 
detected in GBC. The table below (Table 1) lists the important ones and the genes associated with these miRNAs.

Some of the miRNAs including the miR-55 and miR-20a have been considered as oncogenic miRNA or onco-miR as 
when they were expression levels were increased, the cell proliferation and intruding capabilities of the Gall bladder cells 
also increased[63]. The status of the important miRNAs in the GBC tissue of a particular patient could determine his 
response to a particular kind of therapy and prognosis.

TRANSLATIONAL RESEARCH AND CLINICAL TRIALS RELATED TO GBC
Mutations of KRAS, INK4A (p16), TP53, and HER 2/neu have been commonly noticed in GBC[5,64-66]. Mutations of 
PIK3CA in GBC are also not rare[65]. BRAF and PI3K mutations also have been detected in GBC but they are not as 
common as KRAS[8,67,68]. There have been attempts to develop drugs against KRAS but the chemical nature of these 
drugs was such that they could not be controlled, so they were not approved. Some therapeutic drugs, targeting some 
genes are under development for the treatment of GBC. They are in different phases of clinical trials (Table 2). Many 
immune checkpoint inhibitors against PDL1 and CTLA4 for the treatment of GBC are also under various stages of clinical 
trial[69,70].

CONCLUSION
The combined chemotherapy regimens have been found to increase the overall survival of patients in clinical trials, but 
still, they have been found to have toxic effects, and resistance is developed later[3,71,72]. Whenever clinical trials were 
performed some unforeseen hurdles were found, including the side effects and development of resistance to a particular 
drug. The cause of this resistance to a particular drug could be diversity within the same tumor and genetic differences 
among the patients[73].

The siRNAs have been found to be capable of silencing a specific gene in experimental models. However, there are 
certain constraints for the siRNA-mediated therapy. These are mainly the firmness and delivery of siRNA. Choosing the 
gene to be silenced is another issue with siRNA-mediated therapy. All these issues have to be answered before starting 
clinical trials in patients. As the siRNA molecules are negatively charged and have an inflexible structure, their diffusion 
across the membrane becomes difficult. So, they are taken up by the cell through endocytosis. In this case, there is a huge 
chance of the collection of many molecules in the endosomal compartments rather than reaching the cytosol where it can 
form the RISC. In the past few years, scientists have attempted to prepare strategies for the endosomal escape of these 
molecules, and a few have been reported[74]. Few endosomolytic media have been obtained from natural substances or 
manufactured and many other agents like polymers, liposomes, nano-particles, and other coupling agents have also been 
developed for the successful carriage of siRNA. Some recent clinical trials have disclosed the safety of nano-particle-based 
delivery of siRNA in some other cancers[62]. Still, there have been issues regarding the delivery of shRNA[75,76]. 
However, various attempts have been made to optimize the delivery of shRNA by viral vectors. Many vectors have been 
studied for their efficiency in the delivery of shRNAs within the target cell[77,78]. These viral vectors have improved the 
delivery of shRNAs but the safety of these vectors is in question as they are based on viruses. Consequently, these 
approaches are not applicable to clinical trials. Selection of the gene to be silenced is another important aspect of these 
siRNA-based technologies. It is suggested by experts to select such a combination therapy for patients which targets the 
important molecular pathways governing cancer metastasis and also would have less toxicity. To date, many genes have 
been identified which are responsible for the cells being able to avoid senescence and those which are responsible for 
metastasis. Genes that are linked to multiple pathways and have been expressed in many cancers are perhaps suitable for 
targeting. In the case of GBC, a recent study suggests that there are predominantly mutations of the genes ARID1A, 
ARID2, ATM, CTNNB1, ERBB2, ERBB3, KMT2C, KMT2D, KRAS, PIK3CA, SMAD4, TERT, TP53, and ZNF521[65]. High 
expression of the gene GLI2 has also been found to increase the number of GBC cells and their aggressive property[79].

All the genes mentioned in this review are linked to important cell signaling pathways. Among them, CD44, EGFR, 
and MIF have been found to be linked to multiple pathways. CD44 has been found to activate the MAPK, PI3K-AKT 
pathways, MIF has been linked with the MAPK, PI3K-AKT, and the NF-κB pathways and EGFR has been found to 
stimulate the MAPK, PI3K-AKT, and JNK pathways. The genes ERBB2, ERBB3, KRAS, and PIK3CA were already known 
to have been linked with multiple pathways. So, these genes which could activate multiple pathways could be potential 
targets for si-RNA/shRNA mediated knockdown. siRNA and shRNA-mediated knockdown of the genes mentioned 
above has shown to have decreased the invasiveness of the GBC considerably. The question of delivery of specific 
siRNA/shRNA in patients is expected to be answered. If the question is answered, they seem to have the potential for the 
tailored treatment of GBC. In that case, the toxicity resulting from the knockdown of the selected gene has also to be 
tested in preclinical models. Another aspect is the high cost of this siRNA/shRNA-mediated therapy. Therefore, before it 
comes to regular clinical practice all these issues need to be resolved. All these challenges have made it quite far from 
commercialization.
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Table 1 MicroRNAs identified to have changed expression in gall bladder cancer

miRNA Status in gall bladder cancer Target genes

miR-146b-5p Suppressed EGFR[80]

miR-124 Suppressed CDK6, ROCK1[81]

miR20a Stimulated SMAD7[82]

miR155 Stimulated [82]

miR182 Stimulated CADM1[82]

miR122 Stimulated BMI1[82]

miR34a Suppressed PNUTS[82]

miR335 Suppressed [82]

miR130a Suppressed HOTAIR[82]

miR135a5p Suppressed VLDLR[82]

miR-145-5p Suppressed STAT1[83]

miR26a Suppressed HMGA2[82]

miR145 Suppressed AXL[82]

miR143 Suppressed [82]

miR2185p Suppressed BMI1[84]

miRNA: MicroRNA.

Table 2 Target genes for treating gall bladder cancer (under investigation and those under clinical trial)

Target genes silenced by siRNA (under investigation) Target genes for GBC treatment (under clinical trial)

BMI1, CD44, CLIC1, JAB1, EGFR EGFR and Her/2 together (Afatnib-NCT04183712, Apatinib-NCT03702491)

HER 2/neu, ARAF HER/2 (Trastuzumab-NCT00478140)

MIF MEK (Trametinib-NCT02042443)

CD73, PDL1 DNMT (Guadecitabine-NCT03257761)

GBC: Gall bladder cancer.
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Abstract
BACKGROUND 
Members of the transient receptor potential (TRP) protein family shape oncogenic 
development, but the specific relevance of TRP-related genes in hepatocellular 
carcinoma (HCC) has yet to be defined.

AIM 
To investigate the role of TRP genes in HCC, their association with HCC deve-
lopment and treatment was examined.

METHODS 
HCC patient gene expression and clinical data were downloaded from The Cancer 
Genome Atlas database, and univariate and least absolute shrinkage and selection 
operator Cox regression models were employed to explore the TRP-related risk 
spectrum. Based on these analyses, clinically relevant TRP family genes were 
selected, and the association between the key TRP canonical type 1 (TRPC1) gene 
and HCC patient prognosis was evaluated.

RESULTS 
In total, 28 TRP family genes were screened for clinical relevance, with multiva-
riate analyses ultimately revealing three of these genes (TRPC1, TRP cation 
channel subfamily M member 2, and TRP cation channel subfamily M member 6) 
to be significantly associated with HCC patient prognosis (P < 0.05). These genes 
were utilized to establish a TRP-related risk model. Patients were separated into 
low- and high-risk groups based on the expression of these genes, and high-risk 
patients exhibited a significantly poorer prognosis (P = 0.001). Functional analyses 
highlighted pronounced differences in the immune status of patients in these two 
groups and associated enriched immune pathways. TRPC1 was identified as a 
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candidate gene in this family worthy of further study, with HCC patients expressing higher TRPC1 levels 
exhibiting poorer survival outcomes. Consistently, quantitative, immunohistochemistry, and western blot analyses 
revealed increased TRPC1 expression in HCC.

CONCLUSION 
These three TRP genes help determine HCC patient prognosis, providing insight into tumor immune status and 
immunological composition. These findings will help design combination therapies including immunotherapeutic 
and anti-TRP agents.

Key Words: Transient receptor potential family genes; Hepatocellular carcinoma; Transient receptor potential canonical type 1; 
Novel oncogene

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The most common form of primary liver cancer is hepatocellular carcinoma (HCC). People with chronic liver 
conditions, such as cirrhosis caused by hepatitis B or hepatitis C infection, are most likely to develop HCC. Although the 
predictive value of transient receptor potential (TRP)-related genes in HCC is unknown, TRP family gene proteins influence 
tumor progression. Our current study assessed the family-related TRP factors to establish the prognosis and treatment plan 
for HCC.

Citation: Mei XC, Chen Q, Zuo S. Transient receptor potential-related risk model predicts prognosis of hepatocellular carcinoma 
patients. World J Gastrointest Oncol 2023; 15(12): 2064-2076
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2064.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2064

INTRODUCTION
Liver cancer is the sixth most prevalent cancer globally, with 840000 diagnoses and 780000 deaths annually[1-3]. Rising 
incidence rates and poor survival rates for hepatocellular carcinoma (HCC) patients in China[4,5] have made it a leading 
type of primary liver malignancy[6,7]. As HCC tumors exhibit a prolonged latency period and are generally not 
symptomatic during the early stages of disease, many patients already present with advanced or metastatic disease upon 
initial diagnosis[8-10]. Thus, the identification of new biomarkers capable of guiding the prognostic evaluation of HCC 
patients is critical to improve clinical outcomes for this deadly disease.

Ion channels play essential roles in the maintenance of cellular physiology and responsivity, and their dysregulation is 
common in cancers and other diseases. Proteins in the transient receptor potential (TRP) channel family function as non-
selective cationic channels on the cell surface involved in regulating calcium homeostasis and signaling[11-13]. The 
regulation of calcium stores is directly associated with how tumor cells, including HCC cells, proliferate[14], migrate, 
invade[15], and tolerate drug treatment[16]. TRP family genes have previously been implicated in the pathogenesis of 
diseases and cancers, including breast[17], pancreatic[18], ovarian[19], and prostate malignancies[20].

HCC has a high infiltration of immune cells, and immune responses and immune checkpoints are co-stimulators or co-
suppressors required for an immune response to take place in HCC tumor cells. HCC is comprised of multiple cells, 
including tumor cells and non-tumor cells, with non-tumor cells containing regulatory factors, such as cytokines, growth 
factors, and certain hormones, which make up the tumor microenvironment (TME). Most immune cells, including 
macrophages, are critical for initiating tumor immune responses, such as immune surveillance, immune self-stabilization, 
and immune regulation. Wu et al[21] demonstrated important roles for TRP family gene members in pan-cancer analyses, 
indicating an intricate association between these genes and the TME. Takahashi et al[16] additionally demonstrated the 
ability of nuclear factor erythroid 2-related factor 2 to promote the upregulation of TRP cation channel, subfamily A, 
member 1 (TRPA1), thus promoting oxidative stress within tumor cells, and such efforts to target TRPA1 may represent a 
viable means of treating certain cancers.

At present, systematic bioinformatics-based studies of TRP family genes are lacking in the HCC research field. 
Accordingly, the present study was designed to comprehensively explore the prognostic relevance of TRP family genes in 
HCC by utilizing data from public databases, with further analyses aimed at the exploration of biological processes 
through which these genes may impact HCC patient prognosis to provide an effective foundation for the individualized 
treatment of HCC patients.

https://www.wjgnet.com/1948-5204/full/v15/i12/2064.htm
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MATERIALS AND METHODS
The Cancer Genome Atlas database analyses
The Cancer Genome Atlas (TCGA), https://portal.gdc.cancer.gov/, a project developed by the National Cancer Institute 
and the National Human Genome Research Institute, provides transcriptomic and clinical data on patients with many 
different cancer types. In the present study, we queried TCGA-HCC patient data and used TCGAbiolinks to download 
the quantitative gene expression data and clinical information of HCC patients in TCGA database. From these data, the 
expression data of the 28 TRP family genes were extracted for subsequent analyses.

Survival analysis
Gene expression data of HCC patients (370 cases) and related clinical information were downloaded from TCGA website 
for further analyses. All statistical analyses were performed using R. Logistic regression and receiver operating charac-
teristic (ROC) methods were used to analyze the relationship between clinicopathological features and TRP family genes. 
The Kaplan-Meier method and Cox regression analysis were used to determine the clinicopathologic characteristics 
associated with overall survival (OS) of patients in TCGA database. Critical values for TRP family gene expression were 
based on median expression values. Kaplan-Meier curves were used to estimate the effect of 28 TRP family genes on OS 
in HCC patients. Based on the optimal segregation results, patients were categorized into TRP family gene low expression 
and TRP family gene high expression groups. P < 0.05 were considered statistically significant.

Protein-protein interaction network construction and hub gene identification
The STRING database (https://string-db.org/) enables the analysis of complex interactions among proteins, and 
Cytoscape is an open-source bioinformatics tool for creating and visualizing molecular interaction networks. A 
confidence level of 0.4 was used to construct protein-protein interaction (PPI) network maps for the identified differential 
genes of the TRP family. Cytoscape software was then used to visualize and construct the interaction network map, and 
the key gene modules in the network map were screened using the Molecular Complex Detection (MCODE) plug-in, 
which identifies the key gene modules in the network. The following settings were used in MCODE: Degree cutoff of 2, 
node score cutoff of 0.2, K-core of 2, and maximum depth of 10024.

Construction of a TRP family gene-based risk score prognostic model
To examine the prognosis of patients with HCC in TCGA dataset, a Cox proportional hazards regression model was 
constructed. Initially, HCC patient prognosis-related TRP family genes were screened through one-way Cox regression 
analyses with a significance threshold of P < 0.05 using the survival package in R. A least absolute shrinkage and 
selection operator (LASSO) regression analysis was then implemented using the glmnet package in R to eliminate any 
overfitted genes included within this model. A prognostic nomogram was further generated based on a multifactorial 
Cox proportional risk regression analysis.

Patients with HCC were separated into two groups according to whether they were above or below the median risk 
score value (high risk and low risk) in an effort to clarify the prognostic relevance of this risk score. Patients’ OS was then 
analyzed with Kaplan-Meier curves. Moreover, the sensitivity and specificity of column plots were estimated based on 
the area under the ROC curve (AUC), with an AUC > 0.06 considered indicative of good predictive validity.

TRP family gene-based nomogram construction
The rms package in R was utilized to generate a nomogram incorporating clinical characteristics and risk score values 
related to patient outcomes in an effort to establish a tool capable of predicting HCC patient prognosis. The accuracy and 
predictive performance of this model were assessed using calibration curves.

Immune cell type score analyses
The cell-type identification by estimating relative subsets of RNA transcripts (CIBERSORT) anti-convolution algorithm is 
a machine learning method based on linear support vector regression to assess the percentage of 22 immune cells in a 
tissue or cell. We used the CIBERSORT deconvolution method to simulate the transcriptionally characterized substrates 
of 22 immune cells including B cells, plasma cells, T cells, natural killer (NK) cells, monocytes, macrophages, dendritic 
cells (DC), mast cells, eosinophils, and neutrophils. The immune cell infiltration of the TRP family gene-expressing HCC 
patient samples was compared to normal samples to investigate the relationship between TRP family genes and the infilt-
ration of 22 immune cell types in HCC patients in the high- and low-risk groups.

Cell lines and cell culture
The Huh7, HepG2, MHCC-97H, and LM3 HCC cell lines, as well as the control immortalized LO2 hepatic epithelial cell 
line, were cultured in Dulbecco’s Modified Eagle Medium (Hyclone, Logan, UT, United States) containing 10 g/L fetal 
bovine serum (Gibco, Waltham, MA, United States) and 1 g/L penicillin/streptomycin in a 37 ℃ 5% CO2 incubator. A 
Mycoprobe Mycoplasma Detection Kit (R&D Systems, Minneapolis, MN, United States) was used to confirm that cells 
were mycoplasma-free.

Western blot
HCC cells with good cell growth were collected and lysed using radioimmunoprecipitation assay buffer, and protein 
concentration was determined using a bicinchoninic acid protein assay kit. Proteins were separated using sodium 

https://portal.gdc.cancer.gov/
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Figure 1 Study flow chart. HCC: Hepatocellular carcinoma; TCGA-HCC: The Cancer Genome Atlas-hepatocellular carcinoma; TRP: Transient receptor potential.

dodecyl sulfate polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membranes. The 
membranes were blocked in blocking buffer for 1 h and then incubated overnight with the following primary antibodies: 
Anti-TRP canonical type 1 (TRPC1) (ab192091; Abcam, Cambridge, MA, United States) and anti-GAPDH (10494-1-AP; 
Proteintech, Rosemont, IL, United States). Then the membranes were incubated with secondary antibodies. The protein 
bands were visualized using enhanced chemical reagents and analyzed with ImageJ software (V1.8.0.0).

Quantitative polymerase chain reaction
Following treatment with actinomycin D (1 g/mL) for the appropriate intervals, the RNAiso Plus Kit (Cat# 108-95-2; 
Takara Bio, Beijing, China) was used to extract total cellular RNA. The RT Reagent Kit (Cat# RR047A, Takara Bio; Cat# 
KR211-02, TIANGEN Biotech, Beijing, China) was used to prepare the cDNA, and quantitative PCR (qPCR) reactions 
were performed with the FastStart Universal SYBR Green Master Mix (Cat# 04194194001, Roche, Basel, Switzerland; Cat# 
FP411-02, TIANGEN Biotech) and the Applied Biosystems 7500 Real-Time PCR System (Applied Biosystems, Foster City, 
CA, United States). The following primers were used: TRPC1 forward, 5’-AAACGGGGATTATTAGTAG-3’; TRPC1 
reverse, 5’-TATCTTCTTACAGGTGCT-3’; GAPDH forward, 5’-GGAGCGAGATCCCTCCAAAAT-3’; and GAPDH reverse, 
5’-GGCTGTTGTCATACTTCTCATGG-3’.

Immunohistochemical staining
Tissue sections were deparaffinized using xylene, rehydrated using an ethanol gradient, and incubated for 20 min in 
sodium citrate buffer (pH 6.0) at 95 ℃, followed by treatment for 20 min each with 3% hydrogen peroxide and 10% goat 
serum in phosphate-buffered saline (PBS) + 0.2% Tween. Sections were probed overnight at 4 ℃ with an appropriate 
primary antibody (ab110837; Abcam) in 5 g/L goat serum, washed with PBS, incubated for 40 min at room temperature 
with secondary antibodies, and developed using 3,3-diaminobenzidine tetrahydrochloride. All tissue samples were 
obtained from patients under the approval of the Ethical Review Committee of the Affiliated Hospital of Guizhou 
Medical University (Research Ethics Committee, 2021039; Guizhou, China), with patients providing written informed 
consent (Supplementary Table 1). Two pathologists independently scored all tissue and immunohistochemistry (IHC) 
sections based on the staining intensity (0, negative; 1, weak; 2, moderate; and 3, strong) and positive staining area (0, 
10%; 1, 10%-25%; 2, 26%-50%; 3, 50%-75%; and 4, 75%-100%). These scores were multiplied to yield a final score, with 
high expression indicated by a score ≥ 6.

Statistical analyses
R 3.6.2 was used for the statistical analyses, with differences in prognosis between low- and high-risk groups being 
assessed via the Kaplan-Meier method. P < 0.05 was the significance threshold.

RESULTS
Analyses of TRP family gene expression in HCC patients included within TCGA database
A flow chart outlining the present study process is provided in Figure 1. In total, 28 TRP family genes were retrieved 
from the literature and TCGA database (Supplementary Table 1). The limma package in R was used to analyze TCGA-

https://f6publishing.blob.core.windows.net/b4c018ad-59a1-470b-92ac-59ef8497f68a/WJGO-15-2064-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b4c018ad-59a1-470b-92ac-59ef8497f68a/WJGO-15-2064-supplementary-material.pdf
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Figure 2 Analyses of differential transient receptor potential family gene expression in hepatocellular carcinoma. A: Heatmap representing the 
relative expression levels of 28 transient receptor potential (TRP) family genes in hepatocellular carcinoma (HCC) patients and control individuals in The Cancer 
Genome Atlas-HCC (TCGA-HCC) cohort; B: Violin plots representing the expression of 28 TRP family genes in HCC patients and control individuals from TCGA-HCC 
cohort; C: Protein-protein interaction network highlighting interactions among differentially expressed TRP family genes. bP < 0.01; cP < 0.001; NS: Not significant.

HCC patient RNA sequencing data with the goal of assessing the expression of these TRP genes in 374 HCC samples and 
50 normal control tissue samples (Figure 2A). Among the 28 TRP family genes, only polycystin-2, TRP cation channel 
subfamily C member 2, TRP vanilloid-3, and TRP vanilloid-6 were not differentially expressed in HCC tumor tissues and 
adjacent tissues, but 24 TRP family genes were differentially expressed in cancer tissues and adjacent paracancerous 
tissues of HCC patients (Figure 2B). A PPI network was then constructed to assess interactions among these genes 
(Figure 2C), and additional details regarding the roles and scores of these genes are provided in Supplementary Table 2. 
These results highlighted the important roles that TRP family genes may play as regulators of key processes in HCC 
patients.

To identify prognosis-related TRP family-related genes, we performed Cox regression modeling using the LASSO 
algorithm on the 24 differentially expressed genes between HCC patients and normal healthy controls. Using the best λ 
parameter in the 10-fold validation, three TRP family-related genes, namely, TRPC1, TRP cation channel subfamily M 
member 2 (TRPM2), and TRP cation channel subfamily M member 2 (TRPM6), were selected (Figure 3A and B) As 
expected, univariate Cox analysis showed that some of the 24 genes were associated with OS in HCC patients, and 
multifactorial regression analysis indicated that TRPC1 was one of the independent prognostic factors in HCC patients 
(Figure 3C). A risk score was computed using the following model: Risk score = (TRPC1 × 0.156495) + (TRPM2 × 
0.075215) + (TRPM6 × 0.058265). Median risk score values were then used to stratify patients into low and high-risk 
groups, with Kaplan-Meier curves revealing a shorter OS among high-risk patients compared to low-risk individuals (P = 
0.001; Figure 3D). ROC curve analyses demonstrated the accuracy of this risk scoring model (Figure 3E), and risk score 
distributions for these HCC patients together with their survival status are presented in Figure 3F. These results 
suggested that TRPC1 may serve as a valuable prognostic marker in individuals diagnosed with HCC either alone or in a 

https://f6publishing.blob.core.windows.net/b4c018ad-59a1-470b-92ac-59ef8497f68a/WJGO-15-2064-supplementary-material.pdf
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Figure 3 Prognostic analyses of hepatocellular carcinoma patients based on transient receptor potential family gene expression. A: Cross-
validation of tuning parameter selection in the least absolute shrinkage and selection operator model by a factor of 10 using The Cancer Genome Atlas-hepatocellular 
carcinoma (HCC) data; B: Least absolute shrinkage and selection operator coefficients for selected transient receptor potential (TRP) family-related genes; C: Forest 
plots representing risk associated with prognostic TRP family genes in HCC; D: Kaplan-Meier curves comparing outcomes for low- and high-risk HCC patients 
classified according to risk scores; E: Receiver operating characteristic curves corresponding to HCC patient 1-, 3-, and 5-year survival rates based on TRP family 
gene expression; F: Relationship between TRP family gene expression and survival status. HR: Hazard ratio; TRPC1: Transient receptor potential canonical type 1; 
TRPM: Transient receptor potential cation channel subfamily M.

3-TRP gene signature.

Analysis of the prognostic relevance of the 3-TRP gene signature in HCC
The ability of the developed 3-TRP gene signature to serve as a predictor of HCC patient OS independent of other clinical 
characteristics (T stage, M stage, pathological grade, residual tumor, and risk score) was examined through univariate 
and multivariate Cox regression approaches. Factors significantly associated with patient OS in the univariate analyses 
included T stage, M stage, pathological grade, and risk score values (P < 0.05) (Figure 4A), while only risk score values 
remained independently associated with OS in multivariate analyses of TCGA patient cohort (Figure 4B). These results 
suggested that the developed risk scoring model can be utilized as a tool to independently predict HCC patient disease 
outcomes. A nomogram was additionally constructed with the rms package in R, which incorporated this 3-TRP gene 
signature-based risk score and other clinical characteristics to gauge survival odds (Figure 4C). In this model, higher 
scores were indicative of a poorer prognosis. Calibration curves revealed good consistency of actual patient 1-, 3-, and 5-
year OS with that predicted by this nomogram (Figure 4D-F). Therefore, this predictive model is a valuable tool for the 
evaluation of HCC patient long-term prognosis.

Association between TRP family genes and the tumor immune microenvironment
To fully explore immune cell distributions and their relationships with established risk groups in individuals with HCC, 
the CIBERSORT algorithm was employed to approximate tumor infiltration of 22 different immune cell types and the 
relationship between such infiltration and TRP family genes in TCGA HCC patient cohort and corresponding control 
samples. The degree of immune cell infiltration was higher in the high-risk group than in the low-risk group, especially in 
γ-δ T cells and M0 macrophages (Figure 5A and B). We further analyzed the correlation of risk scores with the degree of 
immune cell infiltration. Core TRP family genes were closely correlated with the infiltration of important immune cell 
types including T cells, NK cells, DCs, and memory T cells (|cor > 0.3|) (Figure 5C and D). γ-δ T cells (P = 0.02, r = 0.34) 
and activated CD4 memory T cells (P = 0.05, r = 0.29) were positively correlated with the risk scores, whereas activated 
NK cells (P = 0.01, r = 0.36) and activated DCs (P = 0.02, r = 0.33) were negatively correlated with the risk scores 
(Figure 5C and D). Of these cell types, only T cells exhibited both a significant correlation with TRP family genes and 
differential infiltration levels between sample types (Figure 5E). Thus, these data indicated that core TRP family genes are 
closely related to immune cell infiltration, with individuals in the TRP-based high-risk group exhibiting upregulation of 
most immune-related cell activities (Figure 5F).
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Figure 4 Analyses of the independent prognostic significance of transient receptor potential family gene expression. A and B: Univariate and 
multivariate Cox regression analyses of hepatocellular carcinoma (HCC) patients included within The Cancer Genome Atlas database; C: Model developed based on 
a combination of HCC patient clinical characteristics and risk signatures; D-F: Calibration curve plots demonstrating model predictive performance for 1-, 3-, and 5-
year overall survival. HR: Hazard ratio.

Analysis of TRPC1 expression in HCC
While TRPC1, TRPM2, and TRPM6 were identified as core TRP family genes potentially associated with HCC 
pathogenesis, no significant differences in HCC patient prognosis were observed as a function of TRPM2 or TRPM6 
expression. As such, TRPC1 expression and prognostic significance were further explored in greater detail. Initial pan-
cancer analyses highlighted high levels of TRPC1 expression in most tumor types relative to corresponding normal tissue 
controls, including HCC (Figure 6A). Consistently, significantly higher levels of TRPC1 expression were detected in liver 
cancer samples relative to paired paracancerous tissues (Figure 6B), and the HCC patients exhibiting higher TRPC1 
expression levels also had a poorer prognosis (Figure 6C). To independently confirm these results, qPCR and western blot 
analyses were conducted using the LM3, Huh7, MHCC-97H, and HepG2 HCC cell lines, as well as immortalized liver 
epithelial cells. In line with patient data, TRPC1 expression at the mRNA and protein levels was increased in HCC cells 
compared to epithelial controls (Figure 6D and E). Additional tissue samples were also collected from liver cancer 
patients at the Guizhou Medical University Affiliated Hospital and used for IHC staining, confirming that TRPC1 
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Figure 5 Analyses of the association between transient receptor potential family genes and the tumor immune microenvironment. A: 
Immune cell infiltration analysis for 22 types of immune cells in hepatocellular carcinoma (HCC) and control patient samples from The Cancer Genome Atlas-HCC 
cohort; B: Violin plot revealing differences in the relative infiltration of 22 immune cell types in HCC and control patient samples; C: Scatter plot exhibiting correlations 
between hub transient receptor potential family genes and 22 different immune cell types; D: Heatmap revealing correlations between hub gene expression and 22 
different immune cell types; E: Venn diagram revealing overlapping immune cell types exhibiting differential expression and relevance; F: Heatmap corresponding to 
the association of high- and low-risk groups with immune cell infiltration. NK: Natural killer.

expression was upregulated in HCC patient tumors relative to adjacent healthy tissue (Figure 6F). In summary, HCC 
patients who have elevated TRPC1 expression have poorer prognostic outcomes.

DISCUSSION
Unlike many other gene families, TRP family members have been largely overlooked in oncological studies despite their 
strong associations with the onset and progression of other disease types[22-24]. Here, TRP family gene expression 
profiles were analyzed for the first time in HCC, underscoring potentially important roles for these genes as mediators of 
oncogenesis. Moreover, TRPC1 expression was experimentally confirmed to be dysregulated in HCC, suggesting that this 
protein may be a viable target for pharmaceutical intervention.

TCGA database is widely utilized throughout the world to study patterns of gene expression across many tumor types
[25,26]. In the present study, 28 TRP family genes were selected, and their expression levels were analyzed in TCGA-HCC 
cohort. The majority of these genes were upregulated in HCC, and multivariate Cox regression analysis demonstrated 
that three of these genes (TRPC1, TRPM2, and TRPM6) were related to patient OS. These genes were then incorporated 
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Figure 6 Transient receptor potential canonical type 1 expression analyses in hepatocellular carcinoma. A: Transient receptor potential 
canonical type 1 (TRPC1) expression levels in different cancers; B: TRPC1 expression in hepatocellular carcinoma (HCC) tumors and adjacent tissues; C: 
Differences in the prognostic outcomes of patients expressing different TRPC1 levels in HCC; D and E: Comparisons of TRPC1 mRNA levels in the control LO2 liver 
epithelial cell line and in HCC cell lines; F: Immunohistochemical analysis of TRPC1 expression levels in HCC tumors and adjacent normal tissue. aP < 0.05; cP < 
0.001.

into a LASSO regression analysis-based predictive model. The TME is closely related to tumor progression in HCC and 
many other malignancies[27-29], and TRP channels facilitate communication between cells. These ion channels may thus 
influence immune cell activity in the TME, potentially facilitating tumor immune evasion[30-32]. Correlation analyses 
indicated that TRP family gene expression was closely correlated with the intratumoral infiltration of many immune cell 
types. Survival analyses further highlighted TRPC1 as being closely tied to HCC patient outcomes, prompting further 
analysis of this gene as a core TRP gene in subsequent analyses.

TRP channels function as critical non-selective cation channels related to the onset of a range of tumor types[33,34]. 
TRPC1 was herein identified as the most relevant member of this gene family in HCC. In colorectal cancer, TRPC1 has 
been reported to be upregulated, and TRPC1 knockdown suppresses the in vivo growth of tumors, highlighting its 
functional importance in this form of cancer[35]. To the best of our knowledge, the present study was the first to assess 
the expression of TRPC1 in HCC based on TCGA database. The present results provided clear evidence in support of 
pronounced TRPC1 upregulation in HCC as determined through both qPCR and western blot analyses of tumors and 
paracancerous samples. IHC staining yielded similar results, supporting the identification of TRPC1 as a candidate 
oncogene in the development of HCC.
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While these results offer a valuable new foundation for studies focused on the association between TRPC1 and HCC, 
these findings are subject to certain limitations. First, only TCGA database was analyzed in the present study, potentially 
introducing some degree of sample bias into the results. Additional studies that include more HCC patient samples and 
additional clinical parameters will be conducted in the future to enhance the accuracy of these findings. Second, experi-
mental evidence explaining the mechanistic role of TRPC1 as a regulator of HCC progression is currently lacking and 
warrants further study. Although these results offered new perspectives regarding the role of TRP family genes in HCC, 
more work is necessary to clarify the underlying mechanisms and the potential value of TRPC1 as a target for pharmaco-
logical intervention.

CONCLUSION
In summary, the present comprehensive study of the part of TRP-related genes led to the successful establishment of a 
TRP-related gene signature associated with HCC patient outcomes. Moreover, TRPC1 was identified as a potential 
oncogenic driver and candidate target for therapeutic intervention in this cancer type.

ARTICLE HIGHLIGHTS
Research background
The most typical form of primary liver cancer is hepatocellular carcinoma (HCC). People with chronic liver conditions, 
such as cirrhosis caused by hepatitis B or hepatitis C infection, are most likely to develop HCC. Although the predictive 
value of TRP-related genes in HCC is unknown, transient receptor potential (TRP) family gene proteins influence tumor 
progression. Our current study aimed to assess the family-related TRP factors to establish the prognosis and treatment 
plan for HCC. We downloaded the mRNA expression profiles and corresponding clinical information for the HCC 
patients from the cancer genome atlas (TCGA) database. Univariate and least absolute contraction and selection operator 
(LASSO) Cox regression models were used to construct the TRP risk spectrum, infer the clinically significant TRP family 
core genes, and examine the correlation between the core gene TRP canonical type 1 (TRPC1) and the expression and 
prognosis of HCC. Our findings propose that the predictive characteristics of the 3-TRP gene discussed in this study are 
not only effective for prognosis prediction but also related to the tumor's immune status and the infiltration of various 
immune cells in the tumor microenvironment. These results may provide significant clinical indications for HCC patients 
to propose a new combination therapy consisting of targeted anti-TRP treatment and immunotherapy.

Research motivation
To investigate the role of TRP genes in HCC, their association with HCC development and treatment was examined.

Research objectives
To investigate the role of TRP genes in HCC, their association with HCC development and treatment was examined.

Research methods
HCC patient gene expression and clinical data were downloaded from The Cancer Genome Atlas database, and 
univariate and LASSO Cox regression models were employed to explore the TRP-related risk spectrum. Based on these 
analyses, clinically relevant TRP family genes were selected, and the association between the key TRPC1 gene and HCC 
patient prognosis was evaluated.

Research results
In total, 28 TRP family genes were screened for clinical relevance, with multivariate analyses ultimately revealing three of 
these genes (TRPC1, TRP cation channel subfamily M member 2, and TRP cation channel subfamily M member 6) to be 
significantly associated with HCC patient prognosis (P < 0.05). These genes were utilized to establish a TRP-related risk 
model. Patients were separated into low and high-risk groups based on the expression of these genes, and high-risk 
patients exhibited a significantly poorer prognosis (P = 0.001). Functional analyses highlighted pronounced differences in 
the immune status of patients in these two groups and associated enriched immune pathways. TRPC1 was identified as a 
candidate gene in this family worthy of further study, with HCC patients expressing higher TRPC1 levels exhibiting 
poorer survival outcomes. Consistently, quantitative, immunohistochemistry, and western blot analyses revealed 
increased TRPC1 expression in HCC.

Research conclusions
These three TRP genes help determine HCC patient prognosis, providing insight into tumor immune status and immuno-
logical composition. These findings will help design combination therapies including immunotherapeutic and anti-TRP 
agents.

Research perspectives
In the future, we will focus on in-depth studies on the mechanism of how TRPC1 regulates the development of HCC.
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Abstract
BACKGROUND 
Outcomes for cholangiocarcinoma (CCA) are extremely poor owing to the com-
plexities in diagnosing and managing a rare disease with heterogenous sub-types. 
Beyond curative surgery, which is only an option for a minority of patients 
diagnosed at an early stage, few systemic therapy options are currently recom-
mended to relieve symptoms and prolong life. Stent insertion to manage disease 
complications requires highly specialised expertise. Evidence is lacking as to how 
CCA patients are managed in a real-world setting and whether there is any 
variation in treatments received by CCA patients.

AIM 
To assess geographic variation in treatments received amongst CCA patients in 
England.

METHODS 
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Data used in this cohort study were drawn from the National Cancer Registration Dataset (NCRD), Hospital 
Episode Statistics and the Systemic Anti-Cancer Therapy Dataset. A cohort of 8853 CCA patients diagnosed 
between 2014-2017 in the National Health Service in England was identified from the NCRD. Potentially curative 
surgery for all patients and systemic therapy and stent insertion for 7751 individuals who did not receive surgery 
were identified as three end-points of interest. Linear probability models assessed variation in each of the three 
treatment modalities according to Cancer Alliance of residence at diagnosis, and for socio-demographic and clinical 
characteristics at diagnosis.

RESULTS 
Of 8853 CCA patients, 1102 (12.4%) received potentially curative surgery. The mean [95% confidence interval (CI)] 
percentage-point difference from the population average ranged from -3.96 (-6.34 to -1.59)% to 3.77 (0.54 to 6.99)% 
across Cancer Alliances in England after adjustment for patient sociodemographic and clinical characteristics, 
showing statistically significant variation. Amongst 7751 who did not receive surgery, 1542 (19.9%) received 
systemic therapy, with mean [95%CI] percentage-point difference from the population average between -3.84 (-8.04 
to 0.35)% to 9.28 (1.76 to 16.80)% across Cancer Alliances after adjustment, again showing the presence of statist-
ically significant variation for some regions. Stent insertion was received by 2156 (27.8%), with mean [95%CI] 
percentage-point difference from the population average between -10.54 (-12.88 to -8.20)% to 13.64 (9.22 to 18.06)% 
across Cancer Alliances after adjustment, showing wide and statistically significant variation from the population 
average. Half of 8853 patients (n = 4468) received no treatment with either surgery, systemic therapy or stent 
insertion.

CONCLUSION 
Substantial regional variation in treatments received by CCA patients was observed in England. Such variation 
could be due to differences in case-mix, clinical practice or access to specialist expertise.

Key Words: Cholangiocarcinoma; Biliary tract cancer; Liver cancer; Treatment; Surgery; Systemic therapy; Chemotherapy; 
Stent; England

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Outcomes for cholangiocarcinoma (CCA) are extremely poor, with late presentation meaning curative surgery is 
not an option for many. Systemic therapies to prolong life are limited and stent insertion for disease management is complex. 
In a national cohort, treatments received (surgery, systemic therapy, stent insertion) by CCA patients across geographic areas 
were investigated. Half of patients did not receive any of the treatments considered. The proportion that received treatments 
significantly varied across England. These data provide novel evidence of low and varied treatment rates for CCA patients, 
warranting further investigation by healthcare providers to try to improve outcomes and reduce inequality.

Citation: Jose S, Zalin-Miller A, Knott C, Paley L, Tataru D, Morement H, Toledano MB, Khan SA. Cohort study to assess 
geographical variation in cholangiocarcinoma treatment in England. World J Gastrointest Oncol 2023; 15(12): 2077-2092
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2077.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2077

INTRODUCTION
Cholangiocarcinoma (CCA) is a malignancy arising from epithelial cells along the biliary tree within or external to the 
liver[1,2]. CCA are sub-classified into three main sub-types according to their anatomical site of origin: Intrahepatic CCA 
(iCCA), within the liver parenchyma, proximal to the second order bile ducts, perihilar, and distal CCA, often collectively 
referred to as extrahepatic CCA (eCCA)[3-5]. iCCA comprise the second most common form of primary liver cancer 
worldwide, after hepatocellular carcinoma[6]. The CCA sub-types exhibit some differences in their respective clinical 
presentations, risk factors, routes to diagnosis and clinical management, as well as exhibiting distinct epidemiological, 
clinical, molecular and genetic characteristics[3,7]. Of note, multiple epidemiological studies have reported rising inci-
dence and mortality rates for CCA over the past few decades[8-10].

All CCA carries a high mortality as it typically presents at an advanced stage, usually too late for surgical resection or 
transplantation, the only potentially curative treatment options. Most cases are sporadic i.e., they do not occur on the 
background of known risk factors and no screening strategy has been proven effective at reducing mortality[3]. Most 
CCA patients require systemic chemotherapy, with the current standard of care first line treatment being combination 
gemcitabine and cisplatin, or capecitabine in an adjuvant setting[3,4]. The other main treatment required by most patients 
is stenting to relieve biliary obstruction. In patients with high levels of jaundice, endoscopic or percutaneous stent 
placement is commonly used to reduce hyperbilirubinaemia prior to surgery in patients with resectable disease, or before 

https://www.wjgnet.com/1948-5204/full/v15/i12/2077.htm
https://dx.doi.org/10.4251/wjgo.v15.i12.2077
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systemic therapy, or for palliation[3,4]. Although the overall prognosis of CCA is poor, with only a minority of patients 
surviving more than 3 years after diagnosis, these treatments have been shown to improve overall survival[3,6].

The management of CCA is complex, requiring a highly specialised multi-disciplinary approach and should be carried 
out at centres of expertise to achieve the best clinical outcomes[3]. Data on CCA patients’ access to cancer-specific 
treatment is lacking. One recent United Kingdom study assessed variation in the surgical management of iCCA patients 
only, in selected hepatobiliary centres, finding variation in surgery volumes and in the proportions of patients treated 
with adjuvant chemotherapy[11]. A recent observational study from the European Reference Network for the Study of 
CCA investigated the clinical course of 2234 CCA patients from 26 referral Healthcare Centres from 11 European 
countries over a 10-year period (from 2010)[12]. The study found that CCA was frequently diagnosed at an advanced 
stage with almost 60% of patients presenting with locally advanced or metastatic disease. Furthermore, around 20% did 
not receive any specific cancer therapy, but best supportive care only. Although this was an important and large multi-
centre study, data was collected from self-selected expert centres and the findings may not be representative of the whole 
population of individual participating countries.

Variation in access to cancer-specific treatment for CCA across England has not previously been reported. The aim of 
this study was to investigate if there is geographical variation across England of access to surgery, systemic therapy and 
stenting. Results are reported at the Cancer Alliance level, representing distinct geographic areas within which key health 
and social care stakeholders collaborate to plan and coordinate local cancer pathways.

MATERIALS AND METHODS
CCA patients were selected from the National Cancer Registration Dataset[13]. The following ICD-10 diagnosis codes 
were used to define CCA: C221, C240, C248, C249 of any morphology or C220, C222, C223, C224, C227, C229 with ICD-
O2 histology code 8160. Patients were considered if resident in England at the time of diagnosis and were diagnosed 
between 2014 and 2017. This was the most recent diagnostic period at the time of the analysis with sufficient follow-up 
available to assess treatment initiation. Patients were followed to the earliest of death or 15 mo following recorded date of 
diagnosis. The first registered tumour per individual in this time period was used for the analysis and patient and 
tumour characteristics associated with this diagnosis are reported. Further inclusion criteria were recorded male or 
female gender, and age at diagnosis between 0 and 200 years. Individuals diagnosed with cancer on their death certificate 
only were excluded as such patients would not have been offered treatment.

Linked patient records from the Hospital Episode Statistics (HES) Admitted Patient Care (APC) dataset, Systemic Anti-
Cancer Therapy dataset and National Radiotherapy Dataset[14-16] were used to determine the treatment received by 
each patient. Potentially curative surgery was defined based on a list of OPCS-4 procedure codes (Supplementary Table 1) 
dated between one month prior and 12 mo following the date of CCA diagnosis, irrespective of any other treatments 
received, as per the National Disease Registration Services’ standard operating procedure[17]. Amongst individuals with 
no evidence of surgery as defined above, the presence of systemic therapy and/or stent insertion was assessed. Systemic 
therapy was defined as the delivery of any systemic anti-cancer therapy regimen initiated between the one month prior 
and 15 mo following diagnosis. A second list of OPCS-4 codes was used to define stent insertion (Supplementary Table 1), 
and these were similarly searched for in the interval two months prior to and up to 15 mo following diagnosis.

Geographic variation in treatment was analysed at the Cancer Alliance level according to boundaries defined in 2020. 
The Cancer Alliance for each tumour was assigned according to the main residence of the patient on the date of 
diagnosis. Other patient characteristics of interest, identified a priori as possible confounding variables of the relationship 
between geography and receipt of treatment were: Person-stated gender (male/female); age at diagnosis (0-44/45-54/55-
64/65-74/75-84/85+ years); area income deprivation component of the index of multiple deprivation, 2019 (quintiles); 
year of diagnosis; tumour sub-type (iCCA/eCCA/other); tumour morphology (adenocarcinoma/other); Charlson 
comorbidity index (score 0/1/2/3+)[18]; underlying liver disease (yes/no) and route to diagnosis (urgent two-week wait 
general practitioner referral (TWW)/emergency presentation/other/unknown)[19]. To identify underlying liver disease, 
HES APC episodes from 5 years prior to 1 year after diagnosis were searched for diagnostic codes indicative of chronic 
hepatitis C or B, primary biliary cholangitis, autoimmune hepatitis, haemochromatosis, alcoholic liver disease, or non-
alcoholic liver disease (NAFLD). NAFLD was defined as fatty (change of) liver, not elsewhere classified, or by the 
presence of cirrhosis combined with obesity or diabetes without the presence of any other underlying liver disease[20].

Linear probability models were performed for each of the following three binary outcomes: Potentially curative 
surgery regardless of other treatments received (yes/no); systemic therapy where no surgery was received (yes/no); stent 
insertion where no surgery was received (yes/no). For each outcome, bivariate models were conducted to assess the 
association with each covariate of interest without adjustment for other patient and tumour factors (referred to as 
‘unadjusted’). An adjusted model was then fit for each outcome that included all covariates, defined a priori as being of 
interest, concurrently. No interactions between covariates were assessed. Covariates were Cancer Alliance, age at 
diagnosis, gender, area income deprivation quintile, Charlson comorbidity score, prior liver disease, tumour sub-type, 
tumour morphology, route to diagnosis.

Weighted effect coding was applied such that estimates generated by each linear probability model are interpretable as 
percentage-point deviations from the sample mean[21]. Results from the linear probability models are presented as 
funnel plots with significance thresholds denoting two and three SD from the sample mean, being approximately 
equivalent to 95.0% and 99.7% confidence intervals, respectively. A statistical significance threshold of 5% was used.

A sensitivity analysis was undertaken that additionally adjusted for stage at diagnosis in a subgroup of the cohort who 
had a known stage at diagnosis. This was due to the high level of missing data for this variable (45.5%). The adjusted 

https://f6publishing.blob.core.windows.net/ce610bea-bf0e-4e17-9bb3-bbf5f7e34088/WJGO-15-2077-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/ce610bea-bf0e-4e17-9bb3-bbf5f7e34088/WJGO-15-2077-supplementary-material.pdf
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models for each outcome were repeated in this subgroup to determine how reducing the cohort to patients with known 
stage impacted model estimates, before stage was additionally adjusted for in this group.

RESULTS
There were 8872 people diagnosed with CCA between 2014 and 2017. No exclusions were made due to age or gender 
data quality checks. After excluding 19 (0.2%) individuals diagnosed on death certificate only, a final cohort of 8853 
individuals was available for analysis. Of these, 20.9% were under 65 years old and 50.9% were women (Table 1). The 
majority were diagnosed with an iCCA (77.6%). Comorbidities as measured by the Charlson comorbidity index were 
present in 29.7% of individuals and 9.1% were classified as having underlying liver disease. The largest proportion of 
diagnoses were situated in the West Midlands Cancer Alliance (11.4%), with the smallest in North Central London Cancer 
Alliance (1.6%).

Of the 8853 patients, 12.4% (n = 1102) received potentially curative surgery. In the 7751 patients with no evidence of 
surgery, 19.9% (n = 1542) received systemic therapy, 27.8% (n = 2156) received a stent insertion, and 42.4% (n = 3283) 
received either modality alone or in combination. Of note, half (50.5%) of the initial cohort received none of the three 
treatments considered (Table 1).

Geographic variation in potentially curative surgery
Variation in the unadjusted percentage of patients who received potentially curative surgery was observed across the 
Cancer Alliances, ranging from 8.8% to 16.2% (P < 0.001). In a linear probability model that included only Cancer 
Alliance, the percentage treated with surgery was more than two SD higher than the sample mean in one Cancer Alliance 
(P < 0.05), but more than two SD lower than average for two Cancer Alliances [Table 2A (unadjusted) and Figure 1A]. 
This finding remained present after adjustment for all patient and tumour characteristics being considered [Table 2A 
(adjusted) and Figure 1B].

Geographic variation in systemic therapy
Amongst those not treated with surgery, variation in the crude percentage of patients treated with systemic therapy was 
observed. Across Cancer Alliances the percentage in receipt of systemic therapy ranged from 12.4% to 29.4%. In a linear 
probability model that included Cancer Alliance as the only independent variable, the percentage treated with systemic 
therapy was more than two SD above the sample mean for two Cancer Alliances, and below the mean for two Cancer 
Alliances [Table 2B (unadjusted) and Figure 2A, P < 0.001)]. Adjustment for patient and tumour characteristics attenuated 
this difference for two Cancer Alliances such that only one was observed to have a significantly lower percentage of 
patients receiving systemic therapy than the sample mean [Table 2B (adjusted) and Figure 2B].

Geographic variation in stent insertion
There was wide variation in the percentage of individuals who received a stent insertion amongst those not treated with 
potentially curative surgery. The unadjusted percentage across all Cancer Alliances ranged from 29.7% to 55.0% and was 
significantly higher than the sample mean for six Cancer Alliances, and significantly lower than the sample mean for five 
Cancer Alliances [Table 2C (unadjusted) and Figure 3A]. Adjustment for patient demographics, comorbidities and 
tumour characteristics did not alter this finding [Table 2C (adjusted) and Figure 3B].

Treatment associations with patient and tumour characteristics
The lowest percentage treated with potentially curative surgery was observed in the 85+ age group (Table 2A 
unadjusted). Age remained associated with the likelihood of surgery in a model that included all other cofactors of 
interest, with the highest proportion amongst those aged 0-44 [adjusted percentage point difference (pp): 20.69, 95% 
confidence interval (CI): 13.91 to 27.47]. Likewise, in those who did not receive surgery, older age at diagnosis was 
associated with a lower likelihood of systemic therapy in both unadjusted and adjusted analyses (adjusted pp: -17.16, 
95%CI: -18.08 to -16.23 for age 85+ years). However, the relationship between age and likelihood of stent insertion was 
not similarly linear (Table 2C adjusted).

Although there was a difference between male and female gender in the crude percentage that received surgery 
(Table 2A unadjusted), this was attenuated after adjustment (adjusted pp: -0.49, 95%CI: -1.13 to 0.16 for women). 
Amongst those who did not receive surgery, women were less likely than men to receive a stent insertion (adjusted pp: -
1.18, 95%CI: -2.13 to -0.24), but more likely to receive systemic therapy (adjusted pp: 1.21, 95%CI: 0.43 to 2.00).

High area income deprivation was associated with a lower probability of both surgery (adjusted pp: -2.77, 95%CI: -4.10 
to -1.43 for most deprived areas) and systemic therapy in the absence of surgery (adjusted pp: -2.91, 95%CI: -4.59 to -1.22) 
but was not strongly associated with the probability of stent insertion in those who did not receive surgery (adjusted pp; -
0.34, 95%CI: -2.33 to 1.65).

Compared to the population average, iCCA patients had a lower probability of treatment with surgery (adjusted pp: -
2.65, 95%CI: -3.09 to -2.22), systemic therapy amongst those without surgery (adjusted pp: -0.47, 95%CI: -0.92 to -0.02) and 
stent insertion amongst those without surgery (adjusted pp: -3.89, 95%CI: -4.47 to -3.31) in adjusted models.

Those diagnosed via an emergency route had a lower-than-average probability of surgery (adjusted pp: -3.75, 95%CI: -
4.42 to -3.08) and systemic therapy in those without surgery (adjusted pp: -5.31, 95%CI: -6.11 to -4.51), but a higher 
probability of stent insertion without surgery (adjusted pp: =2.10, 95%CI: 1.14 to 3.07) than the population average. 
Whilst a TWW referral route was not strongly associated with the probability of surgery (adjusted pp: -0.58, 95%CI: -2.08 
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Figure 1 Percentage of cholangiocarcinoma patients treated with potentially curative surgery in each Cancer Alliance in England, 2014-
2017. A: Unadjusted; B: Adjusted. Adjustment for: age, gender, income deprivation quintile, Charlson comorbidity index, underlying liver disease at diagnosis, 
diagnosis year, tumour morphology, tumour sub-type, and routes to diagnosis. Inner dashed line = two standard deviations difference from average. Outer dashed 
line = three standard deviations difference from average.

to 0.91), a TWW referral route was associated with a higher probability of systemic therapy (adjusted pp: 8.57, 95%CI: 6.55 
to 10.59) and stent insertion (adjusted pp: 2.29, 95%CI: 0.06 to 4.51) among patients that did not receive surgery.

Patients with the highest categorised burden of comorbidities (3+) had a lower-than-average probability of surgery 
(adjusted pp: -3.19, 95%CI: -4.79 to -1.60), systemic therapy (adjusted pp: -7.06, 95%CI: -8.93 to -5.20) and stent insertion 
(adjusted pp: -5.53, 95%CI: -8.33 to -2.74). Conversely, of patients with evidence of liver disease specifically, there was no 
association with systemic therapy (adjusted pp: -0.43, 95%CI: -3.55 to 2.69), a higher-than-average probability of treatment 
with surgery (adjusted pp: 3.47, 95%CI: 0.96 to 5.97) and lower than average probability of stent insertion without surgery 
(adjusted pp: -4.19, 95%CI: -7.29 to -1.08).
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Figure 2 Percentage of cholangiocarcinoma patients treated with systemic therapy amongst those who did not receive surgery in each 
Cancer Alliance in England, 2014-2017. A: Unadjusted; B: Adjusted. Adjustment for: age, gender, income deprivation quintile, Charlson comorbidity index, 
underlying liver disease at diagnosis, diagnosis year, tumour morphology, tumour sub-type, and routes to diagnosis. Inner dashed line = two standard deviations 
difference from average. Outer dashed line = three standard deviations difference from average.

Sensitivity analysis
Of the 8853 CCA patients in the study cohort, 4832 (54.5%) had a known stage at diagnosis and were included in the 
sensitivity analysis for potentially curative surgery. Of these, 3925 (81.2%) did not receive curative surgery and were 
analysed for the probability of treatment with systemic therapy or stent insertion.
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Table 1 Description of cholangiocarcinoma patients diagnosed between 2014 and 2017 in England, and subgroup who did not receive 
surgery up to 12 mo after diagnosis

Characteristics Total Did not receive surgery

Total patients (n, %) 8853 (100.0) 7751 (100.0)

Age at diagnosis (yr)

    0-44 180 (2.0) 117 (1.5)

    45-54 442 (5.0) 320 (4.1)

    55-64 1231 (13.9) 962 (12.4)

    65-74 2407 (27.2) 1963 (25.3)

    75-84 2814 (31.8) 2615 (33.7)

    > 84 1779 (20.1) 1774 (22.9)

Gender

    Male 4343 (49.1) 3721 (48.0)

    Female 4510 (50.9) 4030 (52.0)

Year of diagnosis

    2014 2055 (23.2) 1802 (23.2)

    2015 2213 (25.0) 1951 (25.2)

    2016 2259 (25.5) 1983 (25.6)

    2017 2326 (26.3) 2015 (26.0)

Route to diagnosis

    Emergency presentation 4276 (48.3) 3975 (51.3)

    TWW referral 1490 (16.8) 1306 (16.8)

    Other GP referral 1844 (20.8) 1500 (19.4)

    Other 979 (11.1) 729 (9.4)

    Unknown 264 (3.0) 241 (3.1)

Stage at diagnosis

    1 310 (3.5) 203 (2.6)

    2 686 (7.7) 283 (3.7)

    3 330 (3.7) 26 (2.9)

    4 3506 (39.6) 3213 (41.5)

    Missing 4021 (45.4) 3826 (49.4)

Tumour sub-type

    CCA Other 391 (4.4) 378 (4.9)

    eCCA 1595 (18.0) 1200 (15.5)

    iCCA 6867 (77.6) 6173 (79.6)

Tumour morphology

    Adenomas and adenocarcinomas 8570 (96.8) 7484 (96.6)

    Other 283 (3.2) 267 (3.4)

English Index of Multiple Deprivation, income component

    Quintile 1 (least deprived) 1715 (19.4) 1466 (18.9)

    Quintile 2 1863 (21.0) 1609 (20.8)

    Quintile 3 1797 (20.3) 1589 (20.5)

    Quintile 4 1806 (20.4) 1590 (20.5)
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    Quintile 5 (most deprived) 1672 (18.9) 1497 (19.3)

Charlson comorbidity index

    0 6220 (70.3) 5340 (68.9)

    1 1140 (12.9) 1025 (13.2)

    2 678 (7.7) 623 (8.0)

    3+ 815 (9.2) 763 (9.8)

Underlying liver disease

    No 8044 (90.9) 7101 (91.6)

    Yes 809 (9.1) 650 (8.4)

Cancer Alliance at diagnosis

    Cheshire and Merseyside 427 (4.8) 358 (4.6)

    East Midlands 795 (9.0) 703 (9.1)

    East of England-North 524 (5.9) 478 (6.2)

    East of England-South 558 (6.3) 476 (6.1)

    Greater Manchester 521 (5.9) 453 (5.8)

    Humber, Coast and Vale 310 (3.5) 269 (3.5)

    Kent and Medway 251 (2.8) 226 (2.9)

    Lancashire and South Cumbria 330 (3.7) 285 (3.7)

    North Central London 141 (1.6) 119 (1.5)

    North East London 173 (2.0) 150 (1.9)

    North West and South West London 358 (4.0) 302 (3.9)

    Northern 715 (8.1) 628 (8.1)

    Peninsula 362 (4.1) 311 (4.0)

    Somerset, Wiltshire, Avon and Gloucestershire 417 (4.7) 374 (4.8)

    South East London 163 (1.8) 141 (1.8)

    South Yorkshire and Bassetlaw 229 (2.6) 201 (2.6)

    Surrey and Sussex 488 (5.5) 442 (5.7)

    Thames Valley 234 (2.6) 202 (2.6)

    Wessex 475 (5.4) 419 (5.4)

    West Midlands 1013 (11.4) 883 (11.4)

    West Yorkshire and Harrogate 369 (4.2) 331 (4.3)

Treatment received

Surgery only 507 (5.7) 0 (0.0)

Surgery + systemic therapy 367 (4.1) 0 (0.0)

Surgery + stent insertion 118 (1.3) 0 (0.0)

Surgery + systemic therapy + stent insertion 110 (1.2) 0 (0.0)

Systemic therapy only 1127 (12.7) 1127 (14.5)

Stent insertion only 1741 (19.7) 1741 (22.5)

Systemic therapy + stent insertion 415 (4.7) 415 (5.4)

None of surgery, systemic therapy or stent insertion 4468 (50.5) 4468 (57.6)

iCCA: Intrahepatic cholangiocarcinoma; eCCA: Extrahepatic cholangiocarcinoma; GP: General practitioner; TWW: Two week wait.
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Figure 3 Percentage of cholangiocarcinoma patients treated with stent insertion amongst those who did not receive surgery in each 
Cancer Alliance in England, 2014-2017. A: Unadjusted; B: Adjusted. Adjustment for: age, gender, income deprivation quintile, Charlson comorbidity index, 
underlying liver disease at diagnosis, diagnosis year, tumour morphology, tumour sub-type, and routes to diagnosis. Inner dashed line = two standard deviations 
difference from average. Outer dashed line = three standard deviations difference from average.

The proportion of people staged varied by Cancer Alliance, from 36.7% to 74.7% (P < 0.001). Those with unknown 
stage at diagnosis were more likely to be older, diagnosed in an earlier year, have a high comorbidity score and an ‘other’ 
tumour sub-type or morphology (all P < 0.001, results not shown). Repeating the adjusted model of the main analysis in 
these subgroups identified different Cancer Alliances as having treatment probabilities that varied significantly (>2 SD) 
from the population average (Supplementary Table 2). This suggests that the subgroup of individuals with known stage 
at diagnosis was not generalisable to the whole cohort of individuals with CCA.

https://f6publishing.blob.core.windows.net/ce610bea-bf0e-4e17-9bb3-bbf5f7e34088/WJGO-15-2077-supplementary-material.pdf
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Table 2 Estimated percentage of cholangiocarcinoma patients in England 2014-2017 that received

A: Potentially curative surgery B: Systemic therapy in those who did not receive surgery C: Stent insertion in those who did not receive surgery

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Estimate (95%CI) Estimate 95%CI Estimate (95%CI) Estimate 95%CI Estimate (95%CI) Estimate 95%CI

Population average (intercept) 12.45 (11.76, 13.14) 12.45 (11.81, 13.09) 19.89 (19.01, 20.78) 19.89 (19.1, 20.69) 27.82 (26.85, 28.78) 27.82 (26.85, 28.78)

Cheshire and Merseyside 3.71 (0.32, 7.10) 3.77 (0.54, 6.99) -1.18 (-5.13, 2.78) -0.09 (-3.88, 3.70) 2.35 (-2.29, 6.99) 3.50 (-1.15, 8.16)

East Midlands -0.88 (-3.00, 1.25) -1.11 (-3.10, 0.87) -0.12 (-2.93, 2.69) -0.60 (-3.14, 1.93) -1.93 (-5.02, 1.16) -2.43 (-5.45, 0.60)

East of England - North -3.67 (-6.05, -1.29) -3.96 (-6.34, -1.59) 0.82 (-2.70, 4.34) -0.06 (-3.17, 3.04) 13.40 (9.15, 17.65) 11.59 (7.44, 15.74)

East of England - South 2.25 (-0.59, 5.08) 1.33 (-1.36, 4.01) -1.62 (-4.99, 1.76) -2.70 (-5.68, 0.29) 9.79 (5.59, 13.98) 10.26 (6.14, 14.38)

Greater Manchester 0.60 (-2.20, 3.41) -1.32 (-3.93, 1.29) -0.03 (-3.59, 3.54) 0.86 (-2.38, 4.09) 0.88 (-3.16, 4.92) -2.48 (-6.37, 1.40)

Humber, Coast and Vale 0.78 (-2.93, 4.49) 2.14 (-1.29, 5.58) -0.56 (-5.21, 4.09) 0.78 (-3.33, 4.88) -10.72 (-15.18, -6.25) -10.32 (-14.62, -6.03)

Kent and Medway -2.49 (-6.16, 1.19) -2.14 (-5.75, 1.47) -0.87 (-5.93, 4.19) -0.77 (-5.43, 3.88) 3.60 (-2.38, 9.58) 4.51 (-1.43, 10.44)

Lancashire and South Cumbria 1.19 (-2.45, 4.82) 1.63 (-1.72, 4.98) 2.21 (-2.52, 6.94) 2.43 (-1.74, 6.60) 1.66 (-3.54, 6.86) 3.18 (-1.90, 8.25)

North Central London 3.16 (-2.84, 9.15) 2.36 (-3.22, 7.94) 9.52 (1.30, 17.73) 9.28 (1.76, 16.80) 3.28 (-5.08, 11.63) 3.18 (-4.95, 11.32)

North East London 0.85 (-4.19, 5.89) -0.05 (-4.79, 4.69) 6.77 (-0.28, 13.82) 5.93 (-0.41, 12.26) 9.52 (1.80, 17.23) 10.48 (2.89, 18.06)

North West and South West London 3.19 (-0.48, 6.87) 2.68 (-0.79, 6.15) 7.26 (2.35, 12.17) 6.23 (2.02, 10.43) -3.97 (-8.70, 0.75) -3.16 (-7.84, 1.53)

Northern -0.28 (-2.58, 2.02) -0.10 (-2.20, 2.00) 2.40 (-0.71, 5.51) 2.52 (-0.35, 5.40) -9.82 (-12.74, -6.90) -9.63 (-12.58, -6.69)

Peninsula 1.64 (-1.87, 5.15) 1.72 (-1.43, 4.87) -1.24 (-5.50, 3.01) -0.01 (-3.76, 3.75) 5.95 (0.80, 11.09) 6.65 (1.64, 11.66)

Somerset, Wiltshire, Avon and 
Gloucestershire

-2.14 (-5.00, 0.73) -1.37 (-4.02, 1.29) -2.51 (-6.28, 1.25) -1.97 (-5.34, 1.41) 8.82 (4.07, 13.57) 8.87 (4.14, 13.59)

South East London 1.05 (-4.19, 6.28) 2.51 (-2.6, 7.62) 2.09 (-4.74, 8.92) 3.20 (-2.82, 9.23) -2.28 (-9.48, 4.91) -2.08 (-9.08, 4.91)

South Yorkshire and Bassetlaw -0.22 (-4.43, 3.98) 1.66 (-2.28, 5.59) -7.46 (-12.01, -2.91) -3.84 (-8.04, 0.35) -1.45 (-7.49, 4.59) -3.75 (-9.79, 2.29)

Surrey and Sussex -3.02 (-5.56, -0.48) -3.79 (-6.27, -1.30) 1.37 (-2.33, 5.07) -0.76 (-4.14, 2.61) 13.59 (9.15, 18.02) 13.64 (9.22, 18.06)

Thames Valley A1.23 (-3.13, 5.58) 0.07 (-3.96, 4.10) 4.36 (-1.49, 10.21) 2.00 (-3.52, 7.52) -9.50 (-14.81, -4.19) -8.26 (-13.63, -2.89)

Wessex -0.66 (-3.49, 2.17) -0.36 (-2.99, 2.27) -0.32 (-4.02, 3.38) -1.55 (-4.89, 1.80) -1.09 (-5.21, 3.04) -0.29 (-4.30, 3.72)

West Midlands 0.39 (-1.55, 2.32) 1.48 (-0.33, 3.29) -4.49 (-6.77, -2.22) -3.31 (-5.39, -1.24) -11.73 (-14.08, -9.39) -10.54 (-12.88, -8.20)

West Yorkshire and Harrogate -2.15 (-5.20, 0.90) -2.47 (-5.40, 0.46) -0.26 (-4.45, 3.94) -0.71 (-4.35, 2.92) -4.86 (-9.31, -0.40) -6.69 (-10.88, -2.50)

Age 0-44 22.14 (15.21, 29.08) 20.69 (13.91, 27.47) 37.29 (28.28, 46.31) 36.41 (27.47, 45.35) -1.37 (-9.44, 6.70) -1.59 (-9.41, 6.24)
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Age 45-54 15.07 (11.03, 19.11) 13.24 (9.38, 17.11) 30.34 (24.98, 35.70) 28.96 (23.77, 34.15) -4.91 (-9.47, -0.34) -5.80 (-10.26, -1.34)

Age 55-64 9.38 (7.31, 11.46) 7.59 (5.58, 9.61) 23.18 (20.34, 26.03) 21.61 (18.82, 24.40) -0.07 (-2.73, 2.59) -0.39 (-3.00, 2.21)

Age 65-74 6.11 (4.86, 7.36) 4.84 (3.64, 6.04) 10.60 (8.94, 12.26) 9.59 (7.97, 11.21) 1.47 (-0.27, 3.21) 1.75 (0.06, 3.44)

Age 75-84 -5.41 (-6.29, -4.53) -4.83 (-5.69, -3.96) -8.88 (-9.95, -7.81) -8.68 (-9.73, -7.63) 1.49 (0.07, 2.90) 1.53 (0.16, 2.90)

Age 85+ -12.21 (-12.9, -11.52) -9.55 (-10.28, -8.83) -19.18 (-20.05, -18.30) -17.16 (-18.08, -16.23) -2.81 (-4.6, -1.01) -2.83 (-4.64, -1.02)

Female -1.81 (-2.49, -1.13) -0.49 (-1.13, 0.16) -0.30 (-1.16, 0.56) 1.21 (0.43, 2.00) -1.09 (-2.05, -0.12) -1.18 (-2.13, -0.24)

Male 1.88 (1.17, 2.58) 0.51 (-0.16, 1.18) 0.33 (-0.60, 1.26) -1.32 (-2.16, -0.47) 1.18 (0.13, 2.22) 1.28 (0.25, 2.31)

Income deprivation quintile 1 (least 
deprived)

2.12 (0.63, 3.61) 2.04 (0.64, 3.43) 3.15 (1.22, 5.08) 3.17 (1.41, 4.92) 0.98 (-1.11, 3.08) 0.47 (-1.59, 2.52)

Income deprivation quintile 2 1.23 (-0.15, 2.61) 1.17 (-0.11, 2.45) 1.44 (-0.34, 3.22) 1.88 (0.29, 3.47) 1.07 (-0.91, 3.04) 0.30 (-1.60, 2.20)

Income deprivation quintile 3 -0.90 (-2.24, 0.43) -0.21 (-1.47, 1.05) -0.21 (-1.96, 1.54) 0.24 (-1.32, 1.79) 1.14 (-0.85, 3.13) 0.66 (-1.26, 2.59)

Income deprivation quintile 4 -0.50 (-1.84, 0.85) -0.38 (-1.63, 0.88) -2.53 (-4.23, -0.84) -2.32 (-3.85, -0.79) -0.98 (-2.93, 0.98) -1.08 (-2.98, 0.82)

Income deprivation quintile 5 (most 
deprived)

-2.03 (-3.38, -0.68) -2.77 (-4.10, -1.43) -1.70 (-3.48, 0.07) -2.91 (-4.59, -1.22) -2.28 (-4.28, -0.27) -0.34 (-2.33, 1.65)

Diagnosis year 2014 -0.16 (-1.41, 1.08) 0.49 (-0.67, 1.65) -1.46 (-3.05, 0.12) 0.08 (-1.35, 1.50) -1.85 (-3.64, -0.06) -1.81 (-3.53, -0.09)

Diagnosis year 2015 -0.64 (-1.81, 0.54) -0.48 (-1.57, 0.61) -0.77 (-2.29, 0.75) -0.56 (-1.93, 0.81) -0.55 (-2.27, 1.16) -0.29 (-1.95, 1.36)

Diagnosis year 2016 -0.24 (-1.42, 0.93) -0.30 (-1.41, 0.80) 0.69 (-0.85, 2.22) 0.08 (-1.29, 1.46) 0.82 (-0.90, 2.53) 1.04 (-0.62, 2.69)

Diagnosis year 2017 1.00 (-0.19, 2.20) 0.32 (-0.79, 1.43) 1.41 (-0.14, 2.95) 0.39 (-0.99, 1.77) 1.42 (-0.31, 3.14) 0.88 (-0.77, 2.53)

Adenomas and adenocarcinomas 0.23 (0.14, 0.32) 0.24 (0.14, 0.35) 0.49 (0.38, 0.59) 0.23 (0.10, 0.36) -0.04 (-0.23, 0.15) 0.40 (0.18, 0.61)

Other morphology -6.82 (-9.54, -4.10) -7.35 (-10.55, -4.16) -13.58 (-16.57, -10.59) -6.38 (-10.05, -2.72) 1.08 (-4.31, 6.48) -11.15 (-17.12, -5.18)

eCCA sub-type 12.40 (10.56, 14.23) 12.34 (10.58, 14.10) 1.64 (-0.50, 3.78) 2.89 (0.92, 4.87) 19.07 (16.51, 21.62) 19.28 (16.7, 21.86)

iCCA sub-type -2.35 (-2.78, -1.93) -2.65 (-3.09, -2.22) 0.10 (-0.35, 0.55) -0.47 (-0.92, -0.02) -3.66 (-4.20, -3.13) -3.89 (-4.47, -3.31)

Other sub-type -9.17 (-11.00, -7.33) -3.70 (-6.01, -1.38) -6.74 (-10.12, -3.36) -1.52 (-4.98, 1.94) -0.62 (-5.01, 3.78) 2.37 (-2.50, 7.24)

Emergency presentation diagnosis 
route

-5.45 (-6.14, -4.76) -3.75 (-4.42, -3.08) -7.95 (-8.80, -7.09) -5.31 (-6.11, -4.51) 1.52 (0.55, 2.49) 2.10 (1.14, 3.07)

GP referral diagnosis route 6.16 (4.65, 7.68) 4.61 (3.17, 6.05) 6.10 (4.15, 8.04) 4.18 (2.39, 5.97) -4.60 (-6.54, -2.65) -5.28 (-7.16, -3.40)

IP and OP diagnosis route 13.04 (10.54, 15.55) 9.44 (7.09, 11.79) 12.54 (9.35, 15.73) 7.65 (4.69, 10.61) -2.76 (-5.77, 0.25) -2.75 (-5.69, 0.18)

TWW referral diagnosis route -0.14 (-1.66, 1.37) -0.58 (-2.08, 0.91) 10.96 (8.75, 13.18) 8.57 (6.55, 10.59) 2.92 (0.65, 5.19) 2.29 (0.06, 4.51)

Unknown diagnosis route -2.99 (-7.06, 1.07) -3.21 (-6.51, 0.08) -5.61 (-10.73, -0.49) -8.05 (-11.96, -4.15) -5.21 (-11.31, 0.89) -5.94 (-11.07, -0.81)
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Charlson score - 0 1.69 (1.28, 2.10) 0.69 (0.30, 1.09) 3.19 (2.65, 3.73) 1.02 (0.51, 1.53) 1.52 (0.86, 2.18) 1.38 (0.73, 2.04)

Charlson score - 1 -2.31 (-3.98, -0.64) -0.28 (-1.85, 1.29) -3.40 (-5.56, -1.25) 0.42 (-1.52, 2.37) -1.73 (-4.26, 0.80) -2.00 (-4.45, 0.45)

Charlson score - 2 -4.32 (-6.35, -2.29) -2.06 (-3.96, -0.17) -6.06 (-8.71, -3.40) -0.81 (-3.25, 1.63) -1.97 (-5.30, 1.35) -1.77 (-4.94, 1.40)

Charlson score - 3+ -6.07 (-7.74, -4.39) -3.19 (-4.79, -1.60) -12.84 (-14.71, -10.97) -7.06 (-8.93, -5.20) -6.73 (-9.52, -3.93) -5.53 (-8.33, -2.74)

Liver disease-no -0.73 (-0.99, -0.47) -0.35 (-0.60, -0.10) -0.51 (-0.80, -0.21) 0.04 (-0.25, 0.32) 0.46 (0.17, 0.75) 0.38 (0.10, 0.67)

Liver disease-yes 7.23 (4.65, 9.82) 3.47 (0.96, 5.97) 5.53 (2.33, 8.73) -0.43 (-3.55, 2.69) -4.99 (-8.11, -1.86) -4.19 (-7.29, -1.08)

Apart from the intercept, estimates represent the percentage-point difference from the weighted cohort average probability of each route. CI: Confidence interval; iCCA: Intrahepatic cholangiocarcinoma; eCCA: Extrahepatic 
cholangiocarcinoma; GP: General Practitioner; IP: Inpatient; OP: Outpatient; TWW: Two week wait.

Adding adjustment for stage at diagnosis did not appear to explain much of the variation in the probability of surgery 
observed between Cancer Alliances. (Supplementary Table 2, model A). One Cancer Alliance no longer had a probability 
of potentially curative surgery that was >2 SD higher than average, but two additional Cancer Alliances were identified 
as having higher probabilities of surgery. Amongst patients who were not treated with surgery but had a known stage at 
diagnosis, adjustment for stage identified one additional Cancer Alliance that had a lower-than-average probability of 
systemic therapy, again indicating that adjustment for stage did not explain variation observed in the main analysis (
Supplementary Table 2, model B). One less Cancer Alliance was observed to have a lower-than-average probability of 
stent insertion after adjusting for stage at diagnosis, leaving three Cancer Alliances with a significantly lower probability 
of stent insertion than average (Supplementary Table 2, model C).

DISCUSSION
After adjustment for patient and tumour factors, there was significant variation amongst English Cancer Alliances in 
CCA patients receiving cancer-specific treatments, including potentially curative surgery, systemic therapy without 
curative surgery or stent insertion without curative surgery. To our knowledge, this is the first study to look at potential 
variation in CCA treatment at a national level. There was evidence of significant variation amongst Cancer Alliances in 
the percentage receiving surgery, or systemic therapy in the absence of surgery. Most variation however was observed in 
the percentage receiving stent insertion in the absence of surgery, suggesting there may be gaps in expertise, access and/
or clinical expertise for this treatment modality. In so far as we were able to adjust for differences in patient populations 
between Cancer Alliances, this adjustment did not reduce the level of variation observed. However, not every CCA 
patient will be clinically eligible or in need of stent insertion and our inability to account for clinical status with the 
available data means the observed variation might still be explainable by differences in clinical case-mix and not 
necessarily evidence of varied or poor practice.

Whilst we have analysed treatment modalities separately, there is a possibility that the propensity toward each 
treatment within an area is linked, due to local expertise, protocols or capacity. An area with lower rates of surgery may 
have correspondingly higher rates of systemic therapy, for example. This did not often appear to be borne out in the data, 
with no such correspondence between Cancer Alliances that significantly varied from average in the proportion who 
received systemic therapy compared to either stent insertion or surgery. Two Cancer Alliances that showed lower than 

https://f6publishing.blob.core.windows.net/ce610bea-bf0e-4e17-9bb3-bbf5f7e34088/WJGO-15-2077-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/ce610bea-bf0e-4e17-9bb3-bbf5f7e34088/WJGO-15-2077-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/ce610bea-bf0e-4e17-9bb3-bbf5f7e34088/WJGO-15-2077-supplementary-material.pdf
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average proportions receiving surgery showed higher than average proportions receiving stent insertion in the absence of 
surgery.

In terms of patient factors that we were able to adjust for, higher income deprivation was associated with a lower 
likelihood of receiving surgery or systemic therapy, independently of geography. There is already evidence that 
socioeconomic factors play a powerful role in determining the health of individuals[22,23]. As regards cancer, the 
importance of socioeconomic factors has been demonstrated in association with screening, incidence, stage at diagnosis, 
and survival, especially in private health care settings[24,25]. However, relatively little has been reported on how 
socioeconomic factors affect access to cancer system therapies, especially in publicly funded health systems such as the 
United Kingdom National Health Service (NHS), where cancer care at the point of service is free of charge[26,27]. A study 
conducted in Canada’s Public payer Universal healthcare system examined the association between material deprivation 
and receipt of cancer care among patients with advanced gastrointestinal cancer. It found that patients from the most 
deprived communities were significantly less likely to see an oncology specialist after a diagnosis and significantly less 
likely to receive radiation and/or chemotherapy compared to those living in the least materially deprived communities
[28]. To our knowledge, this is the first study to report a similar theme in patients with CCA.

Increasing co-morbidities and emergency presentation were both associated with a lower probability of surgery, in 
keeping with the fact that higher surgical risk may preclude treatment for the former group and likely advanced CCA 
stage at presentation may preclude treatment for the latter.

That half of CCA patients in England received none of the main treatments for CCA is of interest. To our knowledge, 
regarding CCA, no previous study of national data has studied or reported this before. The Surveillance, Epidemiology 
and End Results (SEER) cancer registry, representing around 28% of the population of the United States, recently showed 
that approximately 50% of eCCA patients and 40% of iCCA patients did not receive surgery or adjuvant therapy over a 
comparable calendar period[29]. This indicates a higher proportion of CCA patients receive surgical treatment in the 
United States than our data showed for England. However, differences in the treatment end-points defined, differences 
between the healthcare systems and CCA populations of the United States and England, and the select coverage of the 
SEER study make these findings difficult to directly compare and interpret. In the European Reference Network for the 
Study of CCA study, 20% of patients did not receive any specific cancer therapy, but best supportive care only[12]. Data 
for their study was collected from self-selected expert centres in those hospitals who chose to send in their data. These 
centres are large expert referral centres and the study data is not therefore reflective of “real world” overall public 
healthcare. Our study involved the entire NHS (all public, government-funded hospitals), so all patients from all NHS 
hospitals were included. The high rates of short-term mortality observed in this group may well explain the observed lack 
of treatment, as their case may have been too advanced for any active treatment to be considered beneficial. Further 
studies are warranted to explore if this high proportion of patients had adequate clinical reasons to not receive any of the 
main treatments for CCA. Nonetheless, this highlights the importance of increasing the therapeutic options available to 
those diagnosed with CCA to prolong survival, either through earlier diagnosis to preserve current treatment options or 
through increased research into more effective systemic therapy options.

With the available data we were unable to account for certain relevant features of clinical status, such as degree of liver 
disease and performance status at the time of diagnosis, which could be key prognostic factors for treatment options. 
Performance status data were missing for 75.1% of the cohort at diagnosis, whereas degree of liver disease is not possible 
to abstract from the data sources available. Our intention to account for differences in the stage at diagnosis was hindered 
due to missing data for 45.5% of the cohort. Although a sensitivity analysis in those with reported stage was performed, 
the subgroup of individuals with known stage could have been highly selected and therefore their findings may not be 
generalisable to the entire CCA population. This highlights the importance of documenting and collecting information on 
stage of CCA at diagnosis in the future. It is unclear why completeness is relatively poor for this tumour site compared to 
other cancers. That said, in the group where CCA stage was known, the stage at diagnosis did not appear to explain 
much, if any, of the variation observed.

Based on a national cohort of CCA patients, these data are highly representative of CCA patients and treatment in 
England, where treatment is free at point of access via the NHS. However, these findings will be less generalisable to 
other countries that have different healthcare systems and guidelines as to the management of CCA.

CONCLUSION
Certainly, some Cancer Alliances appear to have lower than average rates of treatment for CCA patients. The reasons for 
this require further investigation that would be aided by more detail on patient clinical status and clinical case-mix than 
was available via this national registration database. It is important to understand whether observed differences are due 
to differences in clinical practice, case mix or geographical differences in access to expert facilities, in order to successfully 
implement evidence-based solutions to reduce variation and inequality in treatments received.

ARTICLE HIGHLIGHTS
Research background
Cholangiocarcinoma (CCA) is a cancer with poor survival outcomes that is increasing in incidence worldwide. In clinical 
practice there can be barriers to providing treatments that can improve outcomes for those with CCA. Potentially curative 
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surgery is not an option for those diagnosed with advanced disease, which represents the majority of patients. Stent 
insertion to manage disease complications is a complex procedure requiring access to specialist expertise that is not 
routinely available in all areas. There are currently relatively few recommended systemic treatment options available that 
can prolong survival.

Research motivation
Due to the complexity of treating CCA, we hypothesise that there could be variation in the treatments received by CCA 
patients. Such variation could contribute to the poor outcomes experienced by CCA patients. There is very little data to 
evidence variation in the care and management of CCA in England, so research into this area is needed. Identifying 
variation that could point to inequality is the first step toward improving patient outcomes, leading to further research 
into understanding why this variation exists and ultimately improvement strategies to reduce these variations in care.

Research objectives
We aimed to investigate whether there was evidence of geographic variation in the proportion of CCA patients that 
received each of three main cancer-specific treatments: potentially curative surgery; systemic therapy amongst those that 
did not receive surgery; stent insertion amongst those that did not receive surgery.

Research methods
We conducted a retrospective cohort study including patients diagnosed with CCA from 2014-2017 in England. We used 
linear probability models to investigate geographic variation in the proportions of that received either potentially curative 
surgery, systemic therapy (in the absence of surgery) or stent insertion (in the absence of surgery) across Cancer Alliance 
areas in England, adjusting for potential confounders.

Research results
Half of CCA patients in England received none of the cancer treatments we investigated in this study. Only 12.4% 
received potentially curative surgery. Across all Cancer Alliance areas, the mean percentage-point difference from the 
population average [95% confidence interval (CI)] ranged from -3.96 (-6.34 to -1.59)% to 3.77 (0.54 o 6.99)% after 
adjustment for patient sociodemographic and clinical characteristics, showing statistically significant variation.

Amongst those who did not receive surgery, 19.9% received systemic therapy, with mean percentage-point difference 
from the population average [95%CI] ranging from -3.84 (-8.04 to 0.35)% to 9.28 (1.76 to 16.80)% across Cancer Alliances 
after adjustment. Stent insertion was received by 27.8%. Across Cancer Alliances, after adjustment for confounders, the 
mean percentage-point difference from population average [95%CI] ranged between -10.54 (-12.88 to -8.20)% and 13.64 
(9.22 to 18.06)%, showing wide and statistically significant variation from the population average.

It is unknown whether the observed variation is evidence of inequality in access to treatment and differing clinical 
practice or can be explained by factors we were unable to account for in our analysis, such as patient choice and 
differences in the clinical case-mix of patients in these areas.

Research conclusions
We found statistically significant geographic variation in the proportions of CCA patients receiving surgery, systemic 
therapy and stent insertion across Cancer Alliance areas in England.

Research perspectives
Local detailed review of treatment pathways should be undertaken to understand in more detail why rates of treatment 
were low and whether the observed variation indicates disparities in access to care or differences in clinical practice. 
Greater understanding of why variation in care is present can support the development of future strategies to reduce 
unwarranted variation and improve outcomes.
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Abstract
BACKGROUND 
Radical surgery is a common treatment for patients with gastric cancer; however, 
it can lead to postoperative complications and intestinal barrier dysfunction. 
Ultrasound-guided quadratus lumborum block is often used for postoperative 
analgesia, but its effects on stress response and intestinal barrier function are not 
well understood.

AIM 
To investigate the effects of an ultrasound-guided quadratus lumborum block on 
stress response and intestinal barrier function in patients undergoing radical 
surgery for gastric cancer.

METHODS 
A total of 100 patients undergoing radical surgery for gastric cancer were 
randomly categorized into observation and control groups. Plasma adrenaline 
and cortisol levels, intestinal mucosal barrier indexes, and complication rates were 
compared between the two groups before, during, and 1 day after surgery.

RESULTS 
The observation group had significantly lower plasma adrenaline and cortisol 
levels during surgery and at 1 day postoperatively than that of the control group (
P < 0.05). Additionally, intestinal barrier indexes (endotoxin and D-dimer) at 1 
day postoperatively were significantly lower in the observation group than in the 
control group (P < 0.05).

CONCLUSION 
Ultrasound-guided quadratus lumborum block could reduce stress response, 
protect intestinal barrier function, and decrease the incidence of complications in 
patients undergoing radical surgery for gastric cancer. This technique has the 
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potential for clinical applications.

Key Words: Ultrasound-guided quadratus lumborum block; Radical gastric cancer surgery; Stress response; Intestinal barrier 
function; Postoperative analgesia; Rehabilitation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Ultrasound-guided quadratus lumborum block reduces stress response and preserves intestinal barrier function 
following radical surgery for gastric cancer, potentially lowering the associated complications. This technique shows 
promise in providing postoperative analgesia and for improving patient outcomes. It protects the intestinal barrier function 
and reduces the incidence of complications in patients who undergo radical gastric cancer surgery, highlighting its potential 
clinical use.

Citation: Wang XR, Xu DD, Guo MJ, Wang YX, Zhang M, Zhu DX. Effect of ultrasound-guided lumbar square muscle block on 
stress response in patients undergoing radical gastric cancer surgery. World J Gastrointest Oncol 2023; 15(12): 2093-2100
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2093.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2093

INTRODUCTION
Ultrasound-guided quadratus lumborum block exhibited promising effects in reducing stress response and improving 
intestinal barrier function in patients undergoing radical surgery for gastric cancer[1-5]. The decline in the plasma 
adrenaline and cortisol levels[5-10], improved intestinal barrier indexes, and reduced incidence of postoperative complic-
ations underscores the potential clinical application of this technique[11-15]. However, further studies are needed to 
optimize its clinical application[16-21], and explore its combination with other interventions to enhance postoperative 
recovery and minimize complications[22,23].

MATERIALS AND METHODS
Ultrasound-guided quadratus lumborum block has made significant progress as a pain management and rehabilitation 
promotion technique for clinical applications[24-27]. This study investigated the effects of ultrasound-guided quadratus 
lumborum block on stress response and intestinal barrier function in patients undergoing radical surgery for gastric 
cancer.

Furthermore, we did not evaluate the onset and maintenance times of the quadratus lumborum block; therefore, 
further studies are warranted to assess these parameters.

First, we anticipated that the ultrasound-guided quadratus lumborum block group would demonstrate improved 
outcomes in terms of postoperative physiological indicators and pain scores, reflecting a reduced stress response[28-30]. 
This could be partly attributed to the analgesic effect of the ultrasound-guided quadratus lumborum block, which 
diminishes pain transmission at the surgical site through local anesthesia, thereby reducing postoperative pain perception 
and stress response. Additionally, quadratus lumborum blocks may modulate stress response by blocking sympathetic 
activity and reducing the release of inflammatory mediators[31-33].

Second, regarding the assessment of intestinal barrier function, we anticipated that the ultrasound-guided quadratus 
lumborum block group would demonstrate enhanced outcomes[34], including reduced intestinal permeability and 
inflammatory response[35]. Surgical trauma and stress may lead to intestinal barrier dysfunction, increased intestinal 
permeability, and an inflammatory response, potentially leading to postoperative complications. Ultrasound-guided 
quadratus lumborum block may protect intestinal barrier function by reducing the inflammatory response to surgical 
trauma and maintaining intestinal blood perfusion[36,37]. In addition, some studies have suggested that these blocks may 
maintain intestinal health by regulating the balance of the intestinal microbiota. However, intestinal barrier function is 
influenced by a number of factors, with ultrasound-guided quadratus lumborum block being just one of them; other 
interventions and factors may also have an impact on intestinal barrier function[38,39].

First, the sample size may be limited, necessitating studies with larger sample sizes to further validate the reliability of 
our results. Second, the clinical application of ultrasound-guided quadratus lumborum blocks may involve the collab-
oration of multiple medical personnel, potentially introducing differences in operating techniques that could affect the 
results; hence, uniform operating standards are needed. In addition, this study only focused on the effects of 
postoperative stress and intestinal barrier function; other clinical outcomes and the long-term prognosis of patients 
require further investigation.
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https://dx.doi.org/10.4251/wjgo.v15.i12.2093
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Table 1 Comparison of plasma inflammatory factor levels before and after treatment between the observation and control groups (X ± 
s)

Pro-adrenaline (pg/L) Cortisol (ng/L) IL-6 (ng/L) C-reactive protein (mg/L)

Before treatment 1.16 ± 0.12 24.55 ± 2.54 36.47 ± 1.64 34.22 ± 1.64Control group (n = 50)

After treatment 0.88 ± 0.18 21.66 ± 2.16 30.08 ± 1.72 27.84 ± 1.19

Before treatment 1.15 ± 0.19 24.51 ± 2.08 36.39 ± 1.66 34.35 ± 1.91Observation group (n = 50)

After treatment 0.51 ± 0.09 17.08 ± 1.52 22.51 ± 1.58 16.78 ± 1.49

t/P 8.682/< 0.001 5.814/< 0.001 18.037/< 0.001 21.122/< 0.001

t/P 20.421/< 0.001 19.347/< 0.001 40.629/< 0.001 48.655/< 0.001

t/P post-treatment inter-group values 12.333/< 0.001 11.632/< 0.001 21.743/< 0.001 38.908/< 0.001

Values are expressed as mean ± SD.

Table 2 Comparison of perioperative indicators between the observation and the control groups (X ± s)

Group n Sufentanil dosage 
(μg)

Post-operative awakening time 
(min)

Postoperative time in bed 
(h)

Time taken for anal 
discharge (h)

Observation 
group

50 25.56 ± 4.56 14.52 ± 1.72 21.26 ± 3.41 12.26 ± 1.65

Control group 50 71.12 ± 7.45 25.62 ± 2.51 30.23 ± 4.56 20.17 ± 2.36

t value 28.380 20.533 8.861 15.458 0.000

P value 0.000 0.000 0.000

Table 3 Comparison of the incidence of adverse reactions between the observation and the control groups [n (%)]

Leukopenia Hepatic 
impairment

Nausea and 
vomiting

Bone marrow 
suppression

Renal 
impairment Incidence

Control group (n = 50) 5 (11.11) 3 (6.67) 5 (11.11) 4 (8.89) 7 (15.56) 24 (53.33)

Observation group (n = 
50)

2 (4.44) 1 (2.22) 1 (2.22) 1 (2.22) 2 (4.44) 7 (15.56)

χ2 14.221

P value 0.000

RESULTS
Comparison of plasma epinephrine and cortisol levels and indicators of intestinal mucosal barrier between the two 
groups before, during, and 1 day after surgery
The plasma adrenaline, cortisol, interleukin-6, and C-reactive protein levels were significantly lower in both the groups 
after treatment in comparison to their levels before treatment, and the reduction in these indicators was more significant 
in the observation group than in the control group (P < 0.05, Table 1).

Perioperative indicators
Compared with the patients in the control group, those in the observation group demonstrated significantly improved 
outcomes in terms of sufentanil dosage, postoperative awakening time, postoperative time in bed, and time taken for anal 
discharge (P < 0.05, Table 2).

Statistics on complication rates
The incidence of adverse reactions was significantly lower in the observation group than in the control group (P < 0.05, 
Table 3).

Effect of ultrasound guidance on immunity of two groups of patients
Compared with the control group, the observation group exhibited a significant decrease in the CD4+/CD8+ ratio and 
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Figure 1 Effect of ultrasound on immunity of the observation and control groups. A and B: CD4+/CD8+ (A) and CD3+ (B) (n = 50, aP < 0.01).

CD3+ count, indicating that ultrasound guidance exerts a substantial influence on the body’s immune response and a 
positive effect on the recovery and prognosis of the disease. In patients undergoing radical gastrectomy, ultrasound-
guided quadratus lumborum block, administered at the same dose, could achieve an ideal postoperative analgesic effect 
and significantly reduce postoperative immune function suppression (Figure 1).

DISCUSSION
General information
A total of 100 patients with gastric cancer who underwent radical surgery between February 2019 and July 2020 were 
enrolled in this study[40]. The inclusion criteria were as follows: (1) Confirmation of gastric cancer through pathological 
examination; (2) absence of allergies to anesthetic drugs; and (3) absence of contraindication for surgery or use of drugs 
affecting neuromuscular function. The patients were randomly categorized into two groups using the random number 
table method. The observation group included 50 patients (28 male and 22 female), aged 35–58 years (mean: 46.24 ± 1.63 
years), with ASA classification grade I in 31 and grade II in 19 patients. The control group comprised 50 patients (27 male 
and 23 female), aged 33–58 years (mean: 45.98 ± 1.58 years), with ASA classification grade I in 32 and grade II in 18 
patients.

Methodology
Before surgery patients in both the groups were prepared by administering oxygen at room air; promptly establishing 
intravenous access; and assessing vital signs, including electrocardiography, heart rate, and blood pressure.

In the control group, the anesthetic induction protocol comprised 0.05 mg/kg imipramine + 0.3 μg/kg sufentanil + 2.0 
mg/kg propofol + 0.6 mg/kg rocuronium bromide. In the observation group, an ultrasound-guided quadratus 
lumborum block was performed alongside the standard anesthesia protocol. Postoperatively, both the groups were 
connected to a self-controlled analgesic pump delivering a mixture of 2 μg/kg sufentanil + 8 mg ondansetron mixed with 
100 mL saline; the pump was devoid of a background dose, and delivered a single-pressed dose of 2 mL with a lock time 
of 15 min.

Observation indicators
The plasma epinephrine and cortisol levels, as well as indicators of intestinal mucosal barrier were compared between the 
two groups before, during, and one day postsurgery. The amount of sufentanil in both the groups was quantified, and the 
postoperative parameters, including awakening time, time in bed, and time taken for anal discharge were recorded in 
both the groups.

Additionally, the complication rate was determined at the time of discharge, and patient satisfaction was assessed 
using a self-designed questionnaire.

Data analysis
Statistical analyses were performed using the SPSS 21.0 software. The t-test was used to analyze measurement data, 
whereas the χ2 test was used for count data. A P value of < 0.05 indicated a statistically significant difference.
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CONCLUSION
Gastric cancer is a common malignancy, and radical surgery for gastric cancer is one of the main treatment modalities. 
Surgical trauma and stress reactions may lead to postoperative complications and intestinal barrier dysfunction. 
Ultrasound-guided quadratus lumborum block is widely used for providing postoperative analgesia and promoting 
recovery; however, its effects on stress response and intestinal barrier function are unclear. The laparoscopic approach 
offers many advantages, such as less trauma, faster postoperative recovery, and fewer postoperative complications; 
however, surgery inevitably causes stress and unavoidable postoperative pain; therefore, a suitable surgical anesthetic is 
needed to ensure a successful outcomes of surgery. In the past, laparoscopic surgery for gastric cancer has often been 
performed under general anesthesia, yielding good results; however, general anesthesia can easily lead to central sensit-
ization, and require a considerable amount of analgesic drugs during surgery. The use of large amounts of analgesic 
drugs during surgery potentially cause nausea, vomiting, intestinal paralysis, and other adverse reactions, which can 
easily affect the smooth implementation of surgery and may even lead to failure. With the advancements in ultrasound 
technology and anesthesia practices, studies have demonstrated that the combination of an ultrasound-guided anterior 
lumbar muscle block with conventional general anesthesia during laparoscopic surgery can achieve improved 
satisfactory anesthetic and analgesic effects. However, its efficacy in reducing the use of analgesics and promoting 
postoperative recovery remains unclear. In this study, we aimed to investigate the effects of ultrasound-guided quadratus 
lumborum combined with general anesthesia in laparoscopic surgery for gastric cancer to provide a valuable reference 
for those involved in such procedures.

ARTICLE HIGHLIGHTS
Research background
Future studies should focus on optimizing the clinical application of ultrasound-guided quadratus lumborum block and 
exploring its efficacy in combination with other interventions to enhance postoperative recovery and minimize complic-
ations.

Research motivation
To investigate the effects of an ultrasound-guided quadratus lumborum block on stress response and intestinal barrier 
function in patients with gastric cancer.

Research objectives
The observation group exhibited significantly lower plasma adrenaline and cortisol levels during surgery and on the first 
day postoperatively compared to the control group (P < 0.05).

Research methods
A total of 100 patients who underwent radical surgery for gastric cancer were randomly assigned to either the 
observation or the control group (50 patients each). Plasma adrenaline and cortisol levels, intestinal mucosal barrier 
indexes, and complication rates were compared between the two groups before, during, and on the first day after 
surgery.

Research results
The observation group exhibited significantly lower plasma adrenaline and cortisol levels during surgery and on the first 
day postoperatively compared to the control group (P < 0.05).

Research conclusions
Ultrasound-guided quadratus lumborum block aids in preserving intestinal barrier function and reducing the incidence 
of postoperative complications, thereby demonstrating its potential clinical applicability.

Research perspectives
Radical surgery for gastric cancer can lead to postoperative complications and intestinal barrier dysfunction owing to 
surgical trauma and stress.
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Abstract
BACKGROUND 
Transversus abdominis plane block (TAPB) is a block of the abdominal afferent 
nerve fibers between the internal oblique muscle and the transverse abdominal 
muscle achieved with local anesthetics. It can effectively block the conduction of 
the anterior nerve of the abdominal wall and exert a good analgesic effect. 
However, the effect of combining the block with remimazolam on anesthesia in 
patients undergoing gastrointestinal tumor surgery is still unclear.

AIM 
To examine the effects of combining TAPB with remimazolam on the stress 
response and postoperative recovery of gastrointestinal tumor surgery patients.

METHODS 
A retrospective analysis was conducted on the clinical data of 102 individuals 
diagnosed with gastrointestinal malignancies who underwent laparoscopic 
surgery under general anesthesia between April 2020 and June 2023. The patients 
were categorized into a control group (n = 51), receiving remimazolam for general 
anesthesia, and an observation group (n = 51), receiving TAPB combined with 
remimazolam for general anesthesia. A comparison was made between both 
groups in terms of hemodynamic parameters, stress markers, pain levels, recovery 
quality, analgesic effects, and adverse reactions during the perioperative period.

RESULTS 
The observation group had significantly higher heart rates at time points 1 min 
after induction and upon leaving the operating room than the control group (P < 
0.05). The mean arterial pressure at time point T1 in the observation group was 
significantly higher than that in the control group (P < 0.05). Five minutes after 
extubation, the levels of the hormones adrenaline and noradrenaline in the 
observation group were considerably lower than those in the control group (P < 
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0.05). At 12 h, 24 h, and 48 h following surgery, the visual analog scale scores of the observation group were consid-
erably lower than those of the control group (P < 0.05). The observation group had shorter awakening and 
extubation times and lower Riker sedation-agitation scale scores than the control group (P < 0.05). The observation 
group exhibited considerably fewer effective pump presses, lower fentanyl dosages, and lower incidences of rescue 
analgesia within 24 h following surgery than the control group (P < 0.05).

CONCLUSION 
The application effect of TAPB combined with remimazolam general anesthesia in anesthesia of patients 
undergoing gastrointestinal tumor surgery is good, which is helpful to promote faster recovery after operation.

Key Words: Transversus abdominis plane block; Remimazolam; General anesthesia; Gastrointestinal tumor surgery; Stress 
response

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Stress can lead to severe changes in hemodynamics during surgery and increase the risk of postoperative adverse 
events. In this study, the application value of transversus abdominis plane block (TAPB) combined with remimazolam 
general anesthesia in patients undergoing gastrointestinal tumor surgery was observed. The results showed that the 
application of TAPB combined with remimazolam general anesthesia had the advantages of stable anesthesia induction and 
small hemodynamic fluctuation, which was helpful to reduce the acute stress response of patients undergoing gastrointestinal 
tumor surgery and improve the quality of recovery.

Citation: Liu J, Tian JM, Liu GZ, Sun JN, Gao PF, Zhang YQ, Yue XQ. Application of remimazolam transversus abdominis plane 
block in gastrointestinal tumor surgery. World J Gastrointest Oncol 2023; 15(12): 2101-2110
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2101.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2101

INTRODUCTION
The gastrointestinal tract includes the stomach, duodenum, jejunum, ileum, cecum, colon, and rectum. Gastrointestinal 
tumors are the most common digestive tract tumors worldwide. Based on statistical data[1], gastric cancer is the second 
most prominent cause of cancer death in China, following lung cancer. Recently, there has been a notable increase in the 
occurrence of colorectal cancer, resulting in its inclusion among the five most prevalent forms of cancer. Since most 
gastrointestinal tumor patients have subtle symptoms in the early stages of the disease and are usually diagnosed at an 
intermediate or advanced stage, timely surgical intervention is necessary to control disease progression[2] before distant 
metastasis. Due to its minimal invasiveness, reduced pain, and faster recovery, laparoscopic surgery has been widely 
used in treating gastrointestinal tumors. However, carbon dioxide (CO2) pneumoperitoneum is established during laparo-
scopic surgery, increasing intra-abdominal pressure. When the intra-abdominal pressure drops suddenly, it can lead to 
ischemia-reperfusion injury and a stress response, and the change in surgical position will also affect the body's 
homeostasis, causing severe postoperative pain and adversely affecting the patient's recovery[3]. Prior research has 
demonstrated that stress conditions can potentially augment the production and release of cortisol, epinephrine (E), 
norepinephrine (NE), and blood glucose in individuals. The drastic changes in hemodynamics can increase the risk of 
adverse events postoperatively, significantly affecting the effectiveness of surgical treatment and postoperative recovery
[4]. Therefore, a reasonable anesthesia approach reduces stress responses during laparoscopic surgery and promotes 
faster postoperative recovery.

Transversus abdominis plane block (TAPB) provides regional anesthesia by effectively blocking the sensory nerve 
fibers within the abdominal cavity, explicitly targeting the area between the internal oblique and transverse abdominis 
muscles. It can effectively block the transmission of the anterior abdominal wall nerves, thus providing analgesic effects
[5]. The relevant literature has shown that remimazolam can be safely and effectively used in outpatient gastrointestinal 
endoscopy and bronchoscopy. Its successful sedation rate is similar to that of propofol, but it is significantly safer. It can 
be used for anesthesia induction and maintenance[6]. There are few reports on the use of TAPB combined with 
remimazolam in laparoscopic surgery for the treatment of gastrointestinal tumors. The primary objective of this study 
was to examine the effects of the combination of TAPB and remimazolam for anesthesia on the stress responses and 
postoperative recovery of individuals undergoing gastrointestinal tumor surgery. The findings of this study can be used 
to establish a theoretical foundation for the prevention or reduction of stress responses in patients, as well as to provide 
evidence-based choices for clinical anesthesia.

https://www.wjgnet.com/1948-5204/full/v15/i12/2101.htm
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MATERIALS AND METHODS
Subjects and methods
Study subjects: Medical information from a cohort of 104 patients diagnosed with gastrointestinal malignancies and who 
underwent laparoscopic surgery under general anesthesia at our institution from April 2021 to June 2023 was 
retrospectively acquired. The criteria for inclusion are outlined below: Confirmed diagnosis of gastrointestinal tumors; 
being suitable for laparoscopic surgery; American Society of Anesthesiologists classification II-III; 18-65 years old; and 
complete medical records. Patients with incomplete case data were excluded. In this study, the clinical data of 104 
patients with gastrointestinal tumors who underwent laparoscopic surgery under general anesthesia were reviewed, 
including 52 patients in the observation group and 52 patients in the control group. In the observation group, 1 patient 
without gastrointestinal tumors was excluded; in the control group, 1 patient was excluded due to missing intraoperative 
hemodynamic data. Finally, 51 patients in the observation group and 51 patients in the control group were included in 
the statistical analysis. All participants submitted informed consent forms, and the study methodology followed the 
Helsinki Declaration.

Anesthesia methods
Preanesthetic preparation: All patients underwent relevant examinations preoperatively and were advised to fast for 6-8 
h before surgery. Upon arrival to the operating room, peripheral intravenous access was established, and routine 
monitoring of the heart rate (HR), bispectral index (BIS), respiratory rate (RR), oxygen saturation, mean arterial pressure 
(MAP), and electrocardiography was commenced.

Anesthesia methods: Anesthesia Induction: The following drugs were sequentially administered intravenously for 
anesthesia induction: Remimazolam (0.2 mg/kg), cisatracurium (0.2-0.4 mg/kg), and sufentanil (0.4-0.6 μg/kg). After the 
BIS value fell below 60 and appropriate conditions for endotracheal intubation were ascertained, tracheal intubation was 
executed. Subsequently, the anesthetic device was attached to facilitate controlled respiration. The tidal volume was set at 
8-10 mL/kg, the RR at 12-14 breaths per min, and the inspiratory-expiratory ratio at 1:2. During the surgery, respiratory 
parameters were adjusted to maintain the end-tidal carbon dioxide pressure-CO2 between 30-40 mmHg. In the 
observation group, bilateral TAPB was performed 5 min after anesthesia induction by the side entry method. A linear 
ultrasound probe guided the needle into the transversus abdominis plane. The ultrasonic probe was positioned at a right 
angle to the anterior axillary line, within the space bounded by the iliac crest and the costal edge on one side. The probe 
was then adjusted until the three distinct muscles of the transverse abdominal muscle group were discernible. When the 
needle tip reached the plane of the transverse fascia of the abdomen, it was drawn back to confirm that there was no 
blood or air. Ropivacaine (20 mL of 0.375%) was injected into the fascial sheath between the internal oblique and 
transverse abdominalis muscles to obtain spindle-shaped hypoechoic images. The same procedure was repeated on the 
other side to complete the bilateral TAPB. The control group received only remimazolam.

Anesthesia maintenance: Intravenous remimazolam 0.4-1.2 mg/kg/h was administered, while cisatracurium was 
injected at a rate of 0.1 mg/kg/h. On the other hand, sufentanil 6-12 μg/kg/h was provided intravenously. The dosage of 
anesthetic drugs was adjusted based on the patient’s BIS, MAP, and HR. The BIS value was maintained between 40-60. 
Atropine (0.3-0.5 mg) was administered if the patient’s HR dropped below 50 beats per min, and esmolol (0.5 mg/kg) 
was administered if the HR exceeded 100 beats per min. Drugs were readministered if necessary.

Flurbiprofen (50 mg) was administered for postoperative analgesia during skin closure, and all patients received 
patient-controlled intravenous analgesia (PCIA) after surgery. The PCIA scheme consisted of sufentanil 100 μg, flurbi-
profen 200 mg, and ondansetron hydrochloride 32 mg, mixed in a total volume of 100 mL. The initial infusion rate was set 
at 2 mL/h, followed by a self-controlled infusion rate of 1.5 mL/h. The maximum self-controlled infusion rate allowed 
was 8 mL/h, with a lockout period of 20 min. After the surgical procedure, the individuals were sent to the postanes-
thesia care unit (PACU) for observation and recovery. Tracheal extubation was successfully performed in all patients, and 
they were then moved back to the ward.

Observational parameters
(1) Hemodynamics comparison: MAP and HR were compared at different time points, including upon leaving the 
operating room (T3), immediately after tracheal intubation (T2), 1 min after induction (T1), and before anesthesia 
induction (T0); (2) Stress response: Blood samples were obtained from the radial artery of patients at two specific time 
points: 10 min before the introduction of anesthesia and 5 min following extubation. The concentrations of plasma NE 
and E were measured using an enzyme-linked immunosorbent assay; (3) Pain intensity: Pain intensity in both groups was 
evaluated at 4, 12, 24, and 48 h post surgery using the visual analog scale (VAS). The scores ranged from 0 to 10, with 
higher values denoting greater pain intensity; (4) Recovery quality: Recorded parameters included time to eye-opening, 
time to extubation, PACU stay duration, and Riker sedation-agitation score assessed at extubation. A Riker score ≥ 5 
indicated agitation at extubation; and (5) Safety: The examiners monitored the number of successful activations of the 
Patient-Controlled Analgesia (PCA) pump, the amount of sufentanil administered, and the frequency of rescue analgesic 
administrations during the 24 h following the surgical procedure. The occurrence rates of vomiting, nausea, pruritus, and 
respiratory depression were compared between the two groups within 48 h after surgery.

Statistical analysis
We used SPSS 22.0 software to analyze the data. The measured information is presented as the mean ± SD, and we 
compared them using t tests. Count data are expressed as numbers or percentages and were compared using chi-square 
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tests. The chi-square value was corrected if the theoretical frequency was ≤ 5 5 but ≥ 1. Fisher’s exact test was used if the 
theoretical frequency was < 1. A P value less than 0.05 is indicative of a statistically significant difference.

RESULTS
A comparative analysis of the baseline characteristics between the two groups
Between the observation and control groups, there was no statistically significant variation in sex, age, or any other 
baseline characteristics (P > 0.05, Table 1).

A Comparison of both groups’ HRs at various time points
The two groups had no significant differences in HR at the T0 and T2 time points (P > 0.05). Nevertheless, the observation 
group displayed substantially higher HRs at the T1 and T3 time points than the control group (P > 0.05, Table 2, Figure 1).

Comparison of MAP at different time points between the two groups
No statistically significant variation was observed in the MAP between the two categories at the T0, T2, and T3 time 
points (P > 0.05). Nevertheless, the MAP at the T1 time point exhibited a statistically significant elevation in the 
observation group compared to the control (P < 0.05, Table 3, Figure 2).

A comparative analysis of stress parameter levels at various time points between both groups
No statistically significant variations were observed in the levels of E and NE at 10 min prior to anesthesia induction 
between the two groups (P > 0.05). Nevertheless, the E and NE levels 5 min after extubation exhibited a notable decrease 
in the observation group compared to the control group (P < 0.05, Table 4).

VAS scores at various intervals following surgery in both groups
No statistically significant differences were observed in the VAS score between the two groups at the 4-h point following 
the surgical procedure (P > 0.05). Nevertheless, the VAS scores recorded at 12, 24, and 48 h post surgery showed a statist-
ically significant decrease in the observation group (P < 0.05, Table 5, Figure 3).

Comparison of recovery quality in both groups
There were no statistically significant differences in the duration of PACU stay between the two groups, as indicated by a 
P value greater than 0.05. The observation group exhibited a significantly shorter eye-opening and time to extubation 
time than the control group. Additionally, the observation group had a substantially lower Riker sedation-agitation score 
(P < 0.05, Table 6).

Comparison of the postoperative analgesic situation within 24 h between the two groups
The observation group exhibited significantly lower effective PCA presses and sufentanil consumption within 24 h post 
surgery than the control group. Additionally, the observation group had a substantially lower number of cases requiring 
rescue analgesia (P < 0.05, Table 7).

Comparative analysis of the postoperative adverse effect frequency in the two cohorts
No statistically significant disparity was observed in the occurrence of postoperative nausea, vomiting, itching, or other 
unpleasant responses when comparing the two groups (P > 0.05, Table 8).

DISCUSSION
As the proportion of aging adults increases, the incidence of gastrointestinal tumors has been increasing yearly. Although 
laparoscopic surgery can prolong the survival time of patients, factors such as CO2 pneumoperitoneum and positional 
changes during surgery can disturb the body’s homeostasis, leading to stress responses and causing severe postoperative 
pain that significantly affects surgical outcomes and postoperative recovery. Research has shown that administering 
various anesthetic medications during the perioperative phase substantially influences the stress reactions exhibited by 
patients under general anesthesia. Propofol is currently the most widely used intravenous anesthetic drug worldwide. 
However, it has apparent inhibitory effects on circulatory and respiratory functions, which can lead to hemodynamic 
fluctuations during surgery. Long-term use of propofol has drawbacks, such as drug residue, especially in patients with 
poor cardiovascular function or the elderly[7,8]. Remimazolam, a new type of benzodiazepine sedative-hypnotic drug, 
has the advantages of rapid metabolism, no residual effects, and minimal impact on respiration and circulation. It has 
been well applied in short and outpatient surgeries and is expected to be an anesthetic drug for reducing patient stress 
responses. Phase IIb/III trial results comparing propofol and remimazolam demonstrated that patients who received 
remimazolam had a lower incidence of adverse cardiovascular events such as bradycardia and hypotension than those 
who received propofol, confirming the safety and efficacy of remimazolam[9]. However, the analgesic and sedative 
effects of remimazolam alone are similar to those of propofol. Thus, additional anesthetics must be combined with 
remimazolam to improve the analgesic and soothing effects, further reduce the intraoperative stress response, and 
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Table 1 An examination of the differences in the two groups’ baseline features

Group n Sex (male/female, 
cases)

Age (yr, mean ± 
SD)

BMI (kg/m2, mean 
± SD)

Surgical time, (min, 
mean ± SD)

ASA classification (I/II/III, 
cases)

Observation 
group

51 33/18 49.58 ± 11.29 23.64 ± 1.54 216.15 ± 29.33 9/31/11

Control group 51 30/21 49.24 ± 11.58 23.28 ± 1.69 208.48 ± 31.67 12/33/6

t/χ2 0.374 0.150 1.124 1.269 1.962

P value 0.541 0.881 0.264 0.207 0.375

ASA: American Society of Anesthesiologists.

Table 2 Comparison of heart rate between the groups at various time points (beats per min, mean ± SD)

Group n T0 T1 T2 T3

Observation group 51 77.37 ± 11.49 76.85 ± 10.18 75.69 ± 9.84 77.12 ± 10.15

Control group 51 77.84 ± 11.25 71.54 ± 8.74 74.55 ± 9.62 72.61 ± 9.78

t/χ2 0.209 2.826 0.592 2.285

P value 0.835 0.006 0.555 0.024

T0: Before anesthesia induction; T1: 1 min after induction; T2: Immediately after tracheal intubation; T3: Upon leaving the operating room.

Table 3 A comparative analysis of mean arterial pressure at various time intervals within the groups (mmHg, mean ± SD)

Group n T0 T1 T2 T3

Observation group 51 96.54 ± 11.59 93.18 ± 10.27 91.48 ± 10.18 91.02 ± 10.23

Control group 51 96.11 ± 11.74 82.54 ± 9.85 90.22 ± 10.09 89.25 ± 9.58

t/χ2 0.259 3.834 0.628 0.902

P value 0.796 < 0.001 0.532 0.369

T0: Before anesthesia induction; T1: 1 min after induction; T2: Immediately after tracheal intubation; T3: Upon leaving the operating room.

Table 4 Shows a comparison of the stress parameter levels of the two groups at various time points (μmol/L, mean ± SD)

E NE
Group n 10 min before anesthesia 

induction
5 min after 
extubation

10 min before anesthesia 
induction

5 min after 
extubation

Observation 
group

51 0.45 ± 0.11 0.59 ± 0.15 3.19 ± 0.57 3.97 ± 0.45

Control group 51 0.43 ± 0.16 0.94 ± 0.09a 3.14 ± 0.61 4.75 ± 0.63a

t/χ2 0.736 14.289 0.428 7.195

P value          0.464 0.881 0.670 0.207

aP < 0.05. Compared with 10 min before anesthesia induction in the same group. E: Epinephrine; NE: Norepinephrine.

stabilize hemodynamics during the perioperative period.
The TAPB technique requires the administration of local anesthetics into the fascial gap across the transversus 

abdominis muscle and the internal oblique. This action effectively obstructs the abdominal wall nerves traversing this 
specific plane, hence inducing regional nerve block and analgesic effects on the anterior-lateral abdominal wall[10]. The 
TAPB technique blocks pain signal transmission by acting on the peripheral nerves and nerve fibers in the transversus 
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Table 5 Evaluation of visual analog scale scores between both groups at different time points following surgery (score, mean ± SD)

Group n 4 h following surgery 12 h following surgery 24 h following surgery 48 h following surgery

Observation group 51 3.65 ± 0.58 2.74 ± 0.47 1.97 ± 0.53 1.02 ± 0.41

Control group 51 3.87 ± 0.62 3.29 ± 0.23 2.54 ± 0.47 1.65 ± 0.32

t/χ2 1.851 7.506 5.746 8.651

P value 0.067 < 0.001 < 0.001 < 0.001

Table 6 Comparison of recovery quality between the two groups (mean ± SD)

Group n Time to eye-opening Time to extubation PACU stay duration Riker sedation-agitation score (score)

Observation group 51 18.12 ± 6.52 22.34 ± 8.31 37.54 ± 7.49 4.02 ± 1.33

Control group 51 23.25 ± 4.89 28.92 ± 6.54 38.12 ± 8.74 4.73 ± 0.82

t/χ2 4.495 4.444 0.360 3.245

P value < 0.001 < 0.001 0.720 0.002

PACU: Postanesthesia care unit.

Table 7 Comparison of postoperative analgesic effect within 24 h between the two groups

Group n Number of effective PCA presses  within 24 h 
after surgery (mean ± SD)

Sufentanil consumption (μg, 
mean ± SD)

Number of rescue analgesia 
cases (cases)

Observation 
group

51 3.52 ± 1.26 57.31 ± 5.82 3

Control group 51 6.11 ± 1.82 67.84 ± 4.37 13

χ2 8.356 10.332 7.413

P value < 0.001 < 0.001 0.007

PCA: Patient-controlled analgesia.

Table 8 Comparison of nausea and vomiting, skin itching, respiratory depression and hypotension between the two groups

Group n Nausea and vomiting Skin itching Respiratory depression Hypotension

Observation group 51 3 0 0 0

Control group 51 5 0 2 0

χ2 0.543 - 2.040 -

P value 0.461 - 0.153 -

abdominis plane, reducing postoperative pain perception. Moreover, TAPB can impede the transmission of nerve signals 
within the transversus abdominis plane, encompassing the intercostal nerves, inguinal nerves, and rectus abdominis 
nerves, consequently leading to the mitigation of pain postoperatively[11]. In recent years, with the continuous 
development of ultrasound-guided techniques, ultrasound-guided TAPB has been proven to effectively enhance the 
accuracy of needle insertion and enhance the analgesic and sedative effects of the blockade. Numerous studies have 
shown that TAPB can significantly alleviate postoperative pain and reduce opioid-related side effects, promoting 
postoperative recovery[12,13]. The present study investigated the use of TAPB combined with remimazolam in 
individuals undergoing laparoscopic surgery for gastrointestinal malignancies. The study’s findings indicate a statist-
ically significant increase in HR at both T1 and T3 in the observation group compared to the control group. This suggests 
that the combination of TAPB and remimazolam is effective in maintaining stable hemodynamics during surgery while 
exerting fewer inhibitory effects on the circulatory system than remimazolam alone.

The hypothalamic-pituitary-adrenal axis is the primary mechanism mediating the acute stress response in the body. 
When sympathetic activation occurs during the perioperative period due to surgical trauma, fear and anxiety, or 
hypothermia, corticosteroid and catecholamine secretion, such as cortisol and E/NE, increases. The clinical manifest-
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Figure 1 A Comparison of both groups’ heart rates at various time points. aP < 0.05. HR: Heart rate; T1: 1 min after induction; T2: Immediately after 
tracheal intubation; T3: Upon leaving the operating room.

Figure 2 Comparison of mean arterial pressure at different time points between the two groups. aP < 0.05. MAP: Mean arterial pressure; T0: 
Before anesthesia induction; T1: 1 min after induction; T2: Immediately after tracheal intubation; T3: Upon leaving the operating room.

Figure 3 Visual analog scale scores at various intervals following surgery in both groups. aP < 0.05. VAS: Visual analog scale.

ations include hemodynamic fluctuations, increased myocardial oxygen consumption, changes in RR and increased 
metabolic rates. In severe cases, internal environment disturbances, acid-base imbalances, and even arrhythmias can 
occur[14,15]. The outcomes of the present study demonstrated a significant decrease in E and NE levels 5 min following 
extubation in the observation group compared to the control group. This suggests that the combination of TAPB and 
remimazolam may be more effective in mitigating patient stress responses than remimazolam alone.

The Riker Sedation-Agitation Scale was proposed by Riker in 1999 and is mainly used to assess the level of agitation 
during the recovery phase in patients undergoing treatment under general anesthesia. It has higher reliability and 
authenticity in evaluating the awakening status of mechanically ventilated patients compared to the widely used Ramsay 
Sedation Scale[16,17]. The present study’s findings indicate that the time to eye opening and extubation was significantly 
shorter in the observation group than in the control group. The Riker sedation agitation score was notably lower in the 
observation group. Additionally, the VAS scores at 12, 24, and 48 h after surgery were significantly lower in the 
observation group, indicating that TAPB combined with remimazolam provides good analgesic and sedative effects, 
improves patient comfort during anesthesia recovery, and has a positive impact on improving the quality of recovery. In 
addition, compared to the control group, the observation group exhibited fewer PCA pump pushes and less sufentanil 
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intake during the 24 h following surgery. The number of patients requiring rescue analgesia was considerably lower in 
the observation group, providing additional evidence to support the effective analgesic outcome of TAPB combined with 
remimazolam for postoperative pain control.

CONCLUSION
TAPB combined with remimazolam can improve the hemodynamic stability of patients undergoing gastrointestinal 
tumor surgery, reduce the stress response, and promote postoperative recovery. This study has limitations, that is, the 
sample size is limited and only focuses on patients undergoing gastrointestinal tumor surgery. In the future, the sample 
size will be expanded to analyze the potential benefits of the combination of TAPB and remimazolam.

ARTICLE HIGHLIGHTS
Research background
Carbon dioxide pneumoperitoneum will be established in patients with gastrointestinal tumors during laparoscopic 
surgery, resulting in intra-abdominal hypertension, which is easy to cause stress response. At the same time, the change 
of posture will also aggravate the stress response, which will seriously affect the effect of surgical treatment and 
postoperative rehabilitation. Therefore, it is of great significance to adopt a reasonable anesthesia method to promote the 
postoperative recovery of patients. Transversus abdominis plane block (TAPB) can effectively block the conduction of the 
anterior nerve of the abdominal wall, resulting in analgesic effect. The success rate of remifentanil analgesia is similar to 
that of propofol, and the safety is significantly better than that of propofol. It can be used in the induction and 
maintenance of general anesthesia. The combination of TAPB and remimazolam and remimazolam can provide a basis 
for the anesthetic regimen to reduce the stress response of laparoscopic patients with gastrointestinal tumors.

Research motivation
The use of different anesthetics during the perioperative period of gastrointestinal tumors has an important impact on the 
stress response caused by general anesthesia. In the past, propofol was mostly used, but its obvious inhibition of 
circulatory and respiratory function can easily lead to intraoperative hemodynamic fluctuations. In addition, the change 
of intraoperative position can easily lead to stress response in patients, causing severe postoperative pain, which has a 
serious impact on the surgical effect and postoperative recovery. Remimazolam has the advantages of fast metabolism, no 
residue and little influence on respiration and circulation. However, the analgesic and sedative effects of simple 
application of remifentanil general anesthesia are similar to those of propofol. Therefore, it is necessary to combine the 
application of TAPB on the basis of remifentanil general anesthesia to improve the analgesic effect. It is expected to 
become an important anesthetic and analgesic scheme for laparoscopic surgery of gastrointestinal tumors in the future.

Research objectives
This study mainly discussed the effect of TAPB combined with remimazolam general anesthesia on stress response and 
postoperative recovery in patients undergoing gastrointestinal tumor surgery. The results showed that the application of 
TAPB combined with remimazolam general anesthesia in gastrointestinal tumor surgery had the advantages of stable 
anesthesia induction, small hemodynamic fluctuation, low incidence of cardiovascular events, fast postoperative recovery 
and less agitation. It is helpful to reduce acute stress response, improve the quality of recovery, and the level of analgesia 
and sedation can meet the needs of surgery. In the future, it can be used as an anesthesia and analgesia program for 
patients undergoing laparoscopic surgery for gastrointestinal tumors.

Research methods
In this study, the clinical data of patients with gastrointestinal tumors who underwent laparoscopic surgery under 
general anesthesia were retrospectively analyzed. The patients were grouped according to different anesthesia schemes, 
and the hemodynamics, stress response and recovery quality of the observation group and the control group were 
compared. The data were analyzed by SPSS22.0 software to further clarify the application value of TAPB combined with 
remimazolam general anesthesia in patients undergoing gastrointestinal tumor surgery.

Research results
This study further clarified that TAPB combined with remimazolam general anesthesia can effectively alleviate the stress 
response of patients undergoing gastrointestinal tumor surgery. The level of analgesia and sedation is good, the intraop-
erative hemodynamic fluctuation is small, and the quality of recovery is good. However, this study is a retrospective 
analysis, and it is impossible to analyze the long-term effects of this anesthesia program and its application effect in other 
operations. In the future, the sample size will be further expanded to explore the application value of this anesthesia 
program.

Research conclusions
The application of TAPB combined with remifentanil general anesthesia in gastrointestinal tumor surgery has the 
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advantages of stable anesthesia induction, small hemodynamic fluctuations, low incidence of cardiovascular events, rapid 
postoperative recovery and less agitation. It is helpful to reduce acute stress response, improve the quality of recovery, 
and the level of analgesia and sedation can meet the needs of surgery.

Research perspectives
In the future, the sample size will be expanded to explore the application value of TAPB combined with remifentanil 
general anesthesia in other types of laparoscopic surgery anesthesia.
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Abstract
BACKGROUND 
Gastric subepithelial tumors (SETs) may harbor potential malignancy. Although it 
is well recognized that large SETs should be resected, the precise treatment 
strategy remains controversial. Compared to surgical resection, endoscopic resec-
tion (ER) has many advantages; however, ER of SETs in the cardia is challenging.

AIM 
To evaluate the safety and efficacy of endoscopic full-thickness resection (EFTR) 
for the treatment of gastric cardia SETs.

METHODS 
We retrospectively reviewed data from all patients with SETs originating from the 
muscularis propria layer in the gastric cardia that were treated by EFTR or 
submucosal tunneling ER (STER) at Zhongshan Hospital Fudan University 
between November 2014 and May 2022. Baseline characteristics and clinical 
outcomes, including procedure times and complications rates, were compared 
between groups of patients receiving EFTR and STER.

RESULTS 
A total of 171 tumors were successfully removed [71 (41.5%) tumors in the EFTR 
and 100 (58.5%) tumors in the STER group]. Gastrointestinal stromal tumors 
(GISTs) were the most common SET. The en bloc resection rate was 100% in the 
EFTR group vs 97.0% in STER group (P > 0.05). Overall, the EFTR group had a 
higher complete resection rate than the STER group (98.6% vs 91.0%, P < 0.05). 
The procedure time was also shorter in the EFTR group (44.63 ± 28.66 min vs 53.36 
± 27.34, P < 0.05). The most common major complication in both groups was 
electrocoagulation syndrome. There was no significant difference in total complic-
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ations between the two groups (21.1% vs 22.0%, P = 0.89).

CONCLUSION 
EFTR of gastric cardia SETs is a very promising method to facilitate complete resection with similar complications 
and reduced operative times compared to STER. In cases of suspected GISTs or an unclear diagnosis, EFTR should 
be recommended to ensure complete resection.

Key Words: Endoscopic full-thickness resection; Submucosal tunneling endoscopic resection; Gastrointestinal stromal tumor; 
Gastric cardia; Gastric subepithelial tumors

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Efficacy of endoscopic full-thickness resection (EFTR) is safe and effective in the treatment of cardiac 
subepithelial tumors. Compared with submucosal tunneling endoscopic resection, EFTR can better completely resect 
subepithelial tumors and provide a better pathological diagnosis. When lesions with a high index of suspicion for 
gastrointestinal stromal tumors are found or there is an unclear diagnosis, EFTR should be recommended to ensure complete 
resection.

Citation: Xu EP, Qi ZP, Li B, Ren Z, Cai MY, Cai SL, Lyv ZT, Chen ZH, Liu JY, Shi Q, Zhong YS. The efficacy of full-thickness 
endoscopic resection of subepithelial tumors in the gastric cardia. World J Gastrointest Oncol 2023; 15(12): 2111-2119
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2111.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2111

INTRODUCTION
Gastric subepithelial tumors (SETs) are rare, accounting for less than 2% of all gastric tumors[1]. This group is comprised 
of different pathologies, commonly correlating with their location. Benign SETs are more frequently found in the cardia 
than in other locations[2].

With technological advancements, laparoscopic wedge resection is currently considered the best option for the 
treatment of gastric SETs[3]; however, it is difficult to resect SETs locating in the cardiaand is associated with several 
complications, including leak, stenosis, and reflux[4,5]. Due to their typically benign nature and these postoperative risks, 
surgical resection of small, benign SETs is typically not mandatory.

Since the advent of submucosal tunneling endoscopic resection (ER) (STER), it has been widely used for SETs resection 
in the esophagus and cardia, and has achieved positive results[6-8]. The American Gastroenterological Association 
Clinical Practice Guidelines recommend using ER techniques to remove SETs[9]; however, in clinical application, damage 
to the tunneled surface mucosa may occur. This may be due to a large tumor and/or a lesion located in the deep layer of 
the muscularis propria (MP) (or even outside the cavity) or if the operating space in the tunnel is small, or the tunnel 
cannot be established at the tumor site. Additionally, submucosal fibrosis can lead to technical difficulty and tunnel 
establishment failure can occur.

Endoscopic full-thickness resection (EFTR) is a new surgical method of repairing the gastric wall after full-thickness 
resection so that endoscopic surgery is no longer limited by the depth of the tumor and submucosal fibrosis[10]. In 2009, 
EFTR without laparoscopic assistance for the treatment of gastrointestinal SET was first proposed. Since then, EFTR has 
been developed and widely applied clinically. Li et al[11] reported using dental floss and a hemoclip for assisted EFTR for 
SETs in the gastric fundus and demonstrated advantages in reducing surgical time and occurrence of post-endoscopic 
submucosal dissection (ESD) electrocoagulation syndrome (PEECS). Many studies have also proven that EFTR is safe and 
effective in the treatment of gastric SETs[12,13]; however, data regarding the clinical outcomes of EFTR for gastric cardia 
SETs are limited. Therefore, we evaluated the clinical outcomes of gastric cardia SETs treated by EFTR resection at our 
institution.

MATERIALS AND METHODS
Patients
We collected and reviewed data from patients with SETs originating from the MP layer in the gastric cardia, which were 
treated by EFTR or STER at Zhongshan Hospital Fudan University (Shanghai, China) between November 2014 and May 
2022. The inclusion criteria were: (1) Proven diagnosis of SET by gastroscopy, endoscopic ultrasonography (EUS), and 
computed tomography (CT); (2) eligibility for endoscopic treatment; (3) lesion located in the cardia; and (4) final 
application of STER or EFTR. The exclusion criteria were: (1) Patients disagreement regarding resection; (2) malignant 
tumors with metastasis; and (3) coagulation disorders.

https://www.wjgnet.com/1948-5204/full/v15/i12/2111.htm
https://dx.doi.org/10.4251/wjgo.v15.i12.2111


Xu EP et al. The EFTR of Gastric Cardiac SET

WJGO https://www.wjgnet.com 2113 December 15, 2023 Volume 15 Issue 12

Informed patient consent was obtained from all patients. The study and procedures were conducted in accordance 
with the ethical standards of the Helsinki Declaration of 1975. This study was approved by the Institutional Review Board 
of Zhongshan Hospital (reference number: B2020-265).

EFTR and STER
EUS and/or CT were used to characterize the lesions in terms of size and other features prior to EFTR or STER. All 
patients were airway intubated under intravenous anesthesia, while vital signs were monitored. The ER method was 
selected based on the tumor characteristics. If the tumor deviates to the esophageal side, STER is used, and if the tumor 
deviates to the stomach side, EFTR is used. Some cases underwent EFTR while others underwent STER according to the 
patient’s preference, after being informed of the merits and disadvantages of each technique. Description of the specific 
resection procedures can be found in the literature previously published by our center (Figure 1)[7,10].

Definitions
The surgical operator was categorized as a trainee with experience of  25 EFTR and STER procedures per year or as an 
expert with experience of > 25 procedures per year[11]. All were certified EFTR endoscopists. En bloc resection was 
characterized as the complete removal of a tumor without fragmentation. Complete resection was characterized as the en 
bloc removal of a lesion with the tumor extracted in a single piece and the capsule remaining intact[7]. Postoperative 
bleeding was characterized as hematemesis or melena within 14 d after completion of EFTR or STER. Hydrothorax was 
excess fluid in the pleural space, as confirmed by chest X-ray. Pneumoperitoneum was diagnosed by the presence of gas 
in the peritoneal cavity, observable on either X-ray or CT scan. Minor cases of pneumoperitoneum and minor hydro-
thorax had negligible clinical impact or symptoms and did not necessitate therapeutic intervention. Similar to PEECS, 
included as a minor complication here, was defined as fever (> 37.7 °C) and abdominal pain with localized tenderness 
without perforation confirmed by radiological exam within 7 d after EFTR or STER.

Follow up
Data were initially collected from medical records in our hospital. If patients have been discharged from our hospital, we 
make an effort to gather outcome information by contacting the patient or a family member by telephone. The minimum 
follow-up duration is 12 mo.

Statistical analysis
SPSS 21.0 software (IBM Corp, Armonk, NY, United States) was used for analysis. We compared categorical variables 
with the chi-square or Fisher’s exact test. The Student’s t-test or analysis of variance was used to compare continuous 
variables. Statistical analysis of independent risk factors for long operative times was assessed using a combination of 
univariate and multivariate analyses. A two-tailed P value < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
A total of 171 patients with SETs in the cardia were included in the study. Seventy-one (41.5%) patients underwent EFTR, 
while 100 (58.5%) received STER treatment. The clinical characteristics of these patients are presented in Table 1. The 
mean age of the EFTR and STER group was 51.32 ± 12.44 (median: 52; range: 43–61 years) and 50.29 ± 12.19 years 
(median: 51; range: 41–60 years), respectively. The average tumor size of the EFTR and STER group was 2.16 ± 1.81 cm 
(median: 1.5; range: 1.0-3.0 cm) and 2.09 ± 1.38 cm (median: 1.5; range: 1.2–2.5 cm), respectively. Six (8.5%) and 5 (5.0%) 
tumors showed extraluminal growth in the EFTR and STER groups. 59 (83.1%) patients underwent EFTR by expert 
surgeons, and 85 (85%) patients underwent EFTR by trainee surgeons. Patient characteristics and clinical data relating to 
tumors and procedures were similar between the EFTR and STER groups.

Outcome
The primary surgery-related outcomes from the two groups of patients are described in Table 2. All gastric cardia SETs 
were resected by ER. The en bloc resection rate was 100% in the EFTR group. There was no significant difference between 
the groups. EFTR had a higher completed resection rate than STER (98.6% vs 91.0%, P < 0.05). The procedure time was 
also shorter in the EFTR group (44.63 ± 28.66 min vs 53.36 ± 27.34, P < 0.05). In the EFTR group, there were 28 (39.4%) 
gastrointestinal stromal tumors (GISTs) and 43 (60.6%) leiomyomas. In the STER group, there were 7 (7%) GISTs, 88 (88%) 
leiomyomas, 3 (3%) lipomas, and 2 (2%) cysts. Metallic clips and endoloop was applied in 29 (40.8%) EFTR patients and 2 
(2%) STER patients. There was no significant difference in total complications between two groups (21.1% vs 22.0%, P = 
0.89). The most common complication in both groups was electrocoagulation syndrome. All complications were managed 
successfully by endoscopic methods and conservative treatment.

Subgroup analyses the risk for EFTR
Univariate and multivariate analyses showed that larger tumor size (> 2 cm) and extraluminal growth were significant 
risk factors for long procedure times (Table 3).
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Table 1 Baseline characteristics of the 171 patients with submucosal tumors in gastric cardia treated by endoscopic full-thickness 
resection and submucosal tunneling endoscopic resection

Patients EFTR STER P value

Age (yr) 0.59

    mean ± SD 51.32 ± 12.44 50.29 ± 12.19

    Median (range) 52.00 (43.00-61.00) 51.00 (41.00-59.75)

Sex 0.01

    Male 24 (33.8%) 53 (53.0%)

    Female 47 (66.2%) 47 (47.0%)

Lesion characteristics

Size (cm) 0.78

    mean ± SD 2.16 ± 1.81 2.09 ± 1.38

    Median (range) 1.50 (1.00-3.00) 1.50 (1.20-2.50)

Extraluminal growth 0.37

    Yes 6 (8.5%) 5 (5.0%)

    No 65 (91.5%) 95 (95.0%)

Operator level 0.74

    Experts 59 (83.1%) 85 (85.0%)

    Trainees 12 (16.9%) 15 (15.0%)

EFTR: Endoscopic full-thickness resection; STER: Submucosal tunneling endoscopic resection.

Follow-up results
Of the 171 patients with gastric cardiac SETs, seven cases were lost to follow-up. The remaining 164 cases were followed 
for more than 12 mo. The median follow-up was 28 (range: 16-52.5) mo. All patients did not develop local recurrence or 
distant metastasis during follow-up.

DISCUSSION
The present work was the first time that the efficacy of EFTR for gastric cardia SETs was studied. Current methods to 
remove gastric SETs include surgical and ER. ER has several advantages over surgical approaches, such as being 
minimally invasive and incurring a shorter hospital stay[14,15]. The STER procedure was derived from peroral 
endoscopic myotomy and was initially reported in 2012[6]. A series of subsequent studies have reported that, compared 
to ESD, STER has benefits for the removal of SETs, such as maintaining the integrity of the mucosa, faster wound healing, 
and reduced risks of complications including perforation, extraluminal infection, and esophageal stenosis[16-18]. STER 
has also been reported as a successful treatment option for SETs located in the cardia or esophagogastric junction[19,20]. 
The advantages of shorter operative and hospitalization times and reduced cost are described[21].

STER requires the establishment of adequate operating space beyond the tumor in the tunnel. The tumor is then 
pushed into the distal portion of the submucosal tunnel during resection, separating the tumor from the deep MP and 
increasing the safety of the operation[22,23]. Performing the operation for SETs in the cardia is more complicated than in 
other parts owing to its specific anatomic characteristics[24]. There is a significant change in the angle of this gastric 
muscle layer. Therefore, the formation of the tunnel beyond the tumor requires a greater degree of curvature of the 
anterior part of the endoscope. Additionally, the gastric cavity is relatively narrow, which greatly increases the difficulty 
of resection[25,26]. Meanwhile, the blood supply at the cardia and gastric fundus is abundant. Thus, the risk of intraop-
erative bleeding is high, which also increases the difficulty of the operation[26]. In addition, in the lesser curvature or the 
anterior aspect of the cardia, when the tumor is located in the deep layer of the MP (or even growing extraluminally), 
and/or where a submucosal tunnel cannot be established, EFTR is needed.

EFTR, as a technical extension of ESD, offers distinct advantages, particularly when dealing with SETs deeply 
embedded within the MP layer or exhibiting extraluminal growth patterns. The characteristics of EFTR make it a very 
suitable form of treatment for SETS[12]. Our center previously reported the successful application of EFTR in 26 gastric 
SETs without laparoscopic assistance. No gastric bleeding, sign of peritonitis, or abdominal infections/abscesses occurred 
after EFTR[10]. In addition, we have improved the EFTR procedure by incorporating dental floss and a hemoclip, which 
facilitate countertraction. This improvement enables better visualization of the submucosal layer, resulting in a reduced 
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Table 2 A comparison of treatment outcomes between endoscopic full-thickness resection and submucosal tunneling endoscopic 
resection groups

Outcomes EFTR STER P value

En bloc resection 71 (100%) 97 (97.0%) 0.14

Complete resection 70 (98.6%) 91 (91.0%) 0.04

Procedure time (min) 44.63 ± 28.66 53.36 ± 27.34 0.04

Procedure-related characteristics

Suturing methods 0.01

    Metallic clips 38 (53.5%) 98 (98.0%)

    Metallic clips with endoloop 29 (40.8%) 2 (2.0%)

    Stent 4 (5.6%) 0 (0%)

Histopathology 0.01

    GIST 28 (39.4%) 7 (7.0%)

    Leiomyoma 43 (60.6%) 88 (88.0%)

    Others 0 (0%) 5 (5.0%)

    Complications 15 (21.1%) 21 (22.0%) 0.89

    Pneumoperitoneum 0 (0%) 0 (0%)

Hydrothorax

    Minor hydrothorax 3 (4.2%) 4 (4.0%)

    Major hydrothorax 0 (0%) 0 (0%)

    PEECS 10 (14.1%) 18 (18.0%)

    Delayed bleeding 2 (2.8%) 0 (0%)

    Delayed perforation 0 (0%) 0 (0.0%)

Follow-up

    Recurrence 0 (0%) 0 (0%)

    Metastasis 0 (0%) 0 (0%)

EFTR: Endoscopic full-thickness resection; STER: Submucosal tunneling endoscopic resection; GIST: Gastrointestinal stromal tumor; PEECS: Post-
endoscopic submucosal dissection electrocoagulation syndrome.

incidence of adverse events in the gastric fundus[11].
Similar to the data from our previous studies, EFTR in the gastric cardia had a 100% en bloc and 98.6% complete 

resection rate. The complete resection rate was higher than STER (98.6% vs 91.0%, P < 0.05). Complete ER of SETs is the 
key to ensuring successful operation and avoiding recurrence[26]. Upper gastrointestinal SETs are composed primarily of 
leiomyomas and GISTs[27]. GISTs have greater potential for malignancy and should be completely resected. An irregular 
shape and larger size have been shown to be the risk factors for STERs having piecemeal resection[28]. Most esophageal 
SETs are regular while the majority of cardial SETs are irregular and lobulated[8], which makes it more difficult for STERs 
to be completely resected. Additionally, tumor resection by STER is limited by the diameter of the tunnel. Therefore, 
oversized tumors cannot be completely resected. Due to the anatomy, the tunnel has a turn at the cardia, which can easily 
lead to compression of the tumor and tumor rupture. Conversely, EFTR allows full-thickness excision of the complete 
gastrointestinal wall without a diameter limit and the risk for poor resection margins and residual tumor which increases 
the accuracy of histopathology measurement to direct future therapy[29]. In a meta-analysis including 952 G-SETs treated 
with EFTR, it was suggested that EFTR was a highly effective therapeutic option for removing deep G-SETs, with an R0 
resection achieved in 99.3% of cases[30]. Therefore, for lesions that are highly suspicious for GIST or lesions that are not 
clearly diagnosed, EFTR should be recommended to ensure completed resection.

In our study, EFTR had a shorter procedure time than STER (44.63 ± 28.66 vs 53.36 ± 27.34 min, P < 0.05). Chen revealed 
that STER was relatively difficult and time consuming when used to resect gastric SETs because of limited space in the 
established submucosal tunnel[7]. They found that an irregular shape and large size were also risk factors for procedures 
requiring a long operative time. Therefore, irregular shaped and larger sized SETs were more suitable for EFTR. 
Additionally, compared to STER, EFTR required the creation of a tunnel. Also, there was no risk of the tumor being too 
large to rupture in the tunnel, which kept the tumor intact.
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Table 3 The association of the clinicopathological characteristics of subepithelial tumors in gastric cardia treated by endoscopic full-
thickness resection over the median procedure time

Univariate analysis Multivariate analysis

OR (95%CI) P value OR (95%CI) P value

Age (yr) 0.37

    < 50 1 (reference)

    ≥ 50 1.88 (0.48-7.46)

Sex 0.41

    Male 1 (reference)

    Female 1.76 (0.46-6.68)

Size (cm) 0.01

    < 2.0 1 (reference) 1 (reference) 0.02

    ≥ 2.0 6.58 (1.60-27.09) 3.75 (1.21-11.58)

Extraluminal growth 0.048 0.04

    No 1 (reference) 1 (reference)

    Yes 7.83 (1.02-60.03) 7.64 (1.15-50.83)

Histopathology 0.42

    Others 1 (reference)

    Leiomyoma 1.85 (0.42-8.17)

Metallic clips with endoloop 0.05

    No 1 (reference)

    Yes 3.68 (0.98-13.91)

Operator level 0.19

    Trainees 1 (reference)

    Experts 0.31 (0.05-1.76)

OR: Odds ratio; 95%CI: 95% confidence interval.

The key of the EFTR procedure is the successful closure of the wall defect after resection to prevent peritonitis and the 
need for surgical intervention[10]. Although a growing body of evidence has demonstrated that gastrointestinal defects 
after ER can be effectively managed by endoscopy, the closure of large gastrointestinal defects is still technically 
demanding for most endoscopists[31,32]. Several clips can close small defects. When the diameter of the defect is larger 
than the width of the open clip, and before applying metallic clips, the defect can first be reduced by air suction using the 
“suction-clip-suture” method[10]. If the defect is too large to be closed only by clips, a few new techniques have been 
used in the stomach, such as nylon loop suturing and the over-the-scope clip[33]. In our study, 53.5% patients underwent 
closure of the defect with clips. 40.8% patients had defect closure using metallic clips with an endoloop. Four patients 
with large defects had covered, retrievable self-expandable metallic stents used to close the defect. As we our previous 
study showed, no leakage occured[33].

There are also having several limitations. The study was retrospective and was conducted at a single institution. Thus, 
prospective study will be needed to further verify our views. Additionally, gastric EFTR was first performed our center 
and center has many experienced surgeons in the field. It may be difficult for other hospitals with less experience to carry 
out the procedure.

CONCLUSION
In conclusion, EFTR was demonstrated to be a very promising method with which to facilitate complete resection and 
reduce operation time compared to STER in gastric cardia SETs. GISTs were the most common type of SETs in the cardia. 
When lesions with a high index of suspicion for GIST are found or there is an unclear diagnosis, EFTR should be 
recommended to ensure complete resection. EFTR by experienced surgeons was shown to be the better option in cases of 
gastric cardia SETs > 2 cm or with extraluminal growth.
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Figure 1 Processes of endoscopic full-thickness resection for gastric cardia subepithelial tumors. A: Endoscopic view of gastric cardia 
subepithelial tumor; B: Circumferential incision was made as deep as muscularis propria around the lesion with IT knife; C: Incision into serosal layer around the 
lesion was performed with Hook knife to create active perforation; D: Gastric wall defect was presented after lesion was resected; E: The gastric wound was closed 
with several metallic clips successfully; F: Resected tumor.

ARTICLE HIGHLIGHTS
Research background
The endoscopic full-thickness resection (EFTR) of cardiac subepithelial tumors (SETs) is still difficult.

Research motivation
To evaluate the safety and efficacy of EFTR for the treatment of gastric cardia SETs.

Research objectives
The objective was the comparison of treatment outcomes between EFTR and submucosal tunnel endoscopic resection 
(STER), and the factors of difficult of EFTR.

Research methods
We retrospectively analyzed the data of all patients with SET originating from the muscularis propria of the gastric cardia 
who underwent EFTR or STER from November 2014 to May 2022 at Zhongshan Hospital Fudan University.

Research results
Gastrointestinal stromal tumors were the most common SET. The EFTR group had a higher complete resection rate than 
the STER group (98.6% vs 91.0%, P < 0.05) and the procedure time was also shorter in the EFTR group (44.63 ± 28.66 min 
vs 53.36 ± 27.34, P < 0.05). There was no significant difference in total complications between the two groups (21.1% vs 
22.0%, P = 0.89).

Research conclusions
Compared to STER, EFTR for gastric cardia SETs is also safe and effective.

Research perspectives
For patients with suspected cardia gastrointestinal stromal tumor, EFTR can be used to achieve better complete resection. 
Of course, subsequent prospective studies should be conducted for verification this opinion.
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Abstract
BACKGROUND 
This study investigate the anti-tumor effect of curcumin and whether its mediated 
by hsa_circ_0136666 through miR-1301-3p/CXCL1 in colorectal carcinoma (CRC). 
Through multiple experiments, we have drawn the conclusion that curcumin 
inhibited CRC development through the hsa_circ_0136666/miR-1301-3p/CXCL1 
axis, hinting at a novel treatment option for curcumin to prevent CRC deve-
lopment.

AIM 
To determine whether hsa_circ_0136666 involvement in curcumin-triggered CRC 
progression was mediated by sponging miR-1301-3p.

METHODS 
Cell counting kit-8, colony-forming cell, 5-ethynyl-2’-deoxyuridine, and flow 
cytometry assays were carried out to determine cell proliferation, apoptosis, and 
cell cycle progression. Real-time quantitative polymerase chain reaction 
quantified hsa_circ_0136666, miR-1301-3p, and chemokine (C-X-C motif) ligand 1 
(CXCL1), and western blot analysis determined CXCL1, B-cell lymphoma-2 (Bcl-
2), and Bcl-2 related X protein (Bax) protein levels. CircBank or starbase software 
was first used for the prediction of miR-1301-3p binding with hsa_circ_0136666 
and CXCL1, followed by RNA pull-down, RNA immunoprecipitation, and dual-
luciferase reporter assay validation. In vivo experiments were implemented in a 
murine xenograft model.

RESULTS 
Curcumin blocked CRC cell proliferation but boosted apoptosis. Moreover, ele-
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vated hsa_circ_0136666 Levels were observed in CRC cells, which were reduced by curcumin. In vitro, 
hsa_circ_0136666 overexpression abolished the antitumor activity of CRC cells. Mechanical analysis revealed the 
ability of hsa_circ_0136666 to sponge miR-1301-3p to modulate CXCL1 levels.

CONCLUSION 
Curcumin inhibited CRC development through the hsa_circ_0136666/miR-1301-3p/CXCL1 axis, hinting at a novel 
treatment option for curcumin to prevent CRC development.

Key Words: Curcumin; Hsa_circ_0136666; MiR-1301-3p; CXCL1; Colorectal carcinoma
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INTRODUCTION
Colorectal carcinoma (CRC), afflicting an estimated 104270 new cases and causing 52980 deaths in 2021 in the United 
States, is still considered the prime reason for cancer-related death in the United States[1,2]. Clinically, despite substantial 
advances made in surgical resection and adjuvant chemoradiotherapy, the conventional treatment method for CRC, the 
overall patient prognosis is still unfavorable[3,4]. Hence, it is urgent to find a more effective therapy that has high clinical 
significance for CRC patients. Currently, the chemo-preventive properties of traditional Chinese medicine have drawn 
great attention in cancer therapeutics. As a naturally occurring medicine, curcumin is derived from the medicinal plant 
Curcuma longa L.[5]. The salient features of curcumin include chemical stability, low toxicity, and extensive distribution, 
so the application of curcumin in the management of various diseases has gradually been understood[6,7]. Of note, 
curcumin exhibited powerful antitumor activity in diverse cancers[8-10], including CRC[11]. However, further invest-
igation is needed regarding the mechanism through which curcumin affects CRC development.

Over the last decade, circular RNAs (circRNAs) have been identified as a novel noncoding RNA subgroup that are 
produced by exon or intron back-splicing and have a closed continuous loop[12,13]. CircRNAs are correlated with the 
initiation and development of various tumors, including CRC. For example, circ-FARSA aggravates malignant behavior 
by promoting CRC cell growth[14]. Consistently, circRNA_0000392 exerted oncogenic properties in CRC by regulating 
PIK3R3/AKT[15]. Hsa_circ_0136666 has been identified as a highly circRNA that is a carcinogenic factor in breast cancer 
and osteosarcoma[16,17]. Moreover, it facilitated CRC progression by enhancing cell growth and metastasis[18,19]. 
Interestingly, some studies indicated that curcumin could participate in the regulation of tumor progression by 
interacting with noncoding RNAs, including circRNAs[20,21]. However, the exact role played by hsa_circ_0136666 in 
curcumin-mediated CRC progression is still unclear.

Currently, the increasing focus on the competing endogenous RNA (ceRNA) hypothesis is that circRNAs serve as 
microRNA (miRNA) sponges to derepress target mRNA levels[22,23]. Here, some binding sites between hsa_circ_0136666 
and miR-1301-3p were identified by bioinformatics analysis. In addition, miR-1301-3p has been suggested to dampen 
CRC cell growth ability[24]. Hence, this article aims to illuminate whether hsa_circ_0136666 involvement in curcumin-
triggered CRC progression is mediated by sponging miR-1301-3p.

MATERIALS AND METHODS
Cultivation of cells
Under a consistent temperature (37 °C) and humidified atmosphere containing 5% CO2, a normal human colon mucosal 
epithelial cell line (NCM460, ATCC, Manassas, VA, United States) and two CRC cell strains (SW480 and SW620, ATCC) 
were cultivated in DMEM (PAN Biotech, Aidenbach, Germany) that was mixed with FBS (10%; HyClone, Logan, UT, 
United States) and penicillin/streptomycin (1%; KeyGen, Nanjing, China). In addition, 20 μM curcumin (Sigma-Aldrich, 
St. Louis, MO, United States) was added to CRC cells for 24 h after dilution with dimethyl sulfoxide (DMSO, Sigma-
Aldrich).

https://www.wjgnet.com/1948-5204/full/v15/i12/2120.htm
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Cell counting kit-8 assay
Cell viability assessment was performed as per the cell counting kit (CCK)-8 reagent (Dojindo, Osaka, Japan) guidebook. 
A total of 2000 cells were plated into a 96-well culture plate for curcumin (20 μM) treatment, followed by the addition of 
CCK-8 solution (0 μL) into each well for another 4 h after 24 h of curcumin treatment. At 450 nm, the absorbance value 
was determined with the use of a microplate reader.

Colony-forming cell assay
After incubation for 2 wk, 5 × 102 treated or untreated cells in 6-well plates were mixed with paraformaldehyde (4%) and 
dyed with crystal violet (0.1%). After an incubation period of 30 min, the colony number was observed using a 
microscope.

Cell apoptosis assay
Apoptosis assessment was implemented based on the Annexin V-FITC/PI Apoptosis kit (Bender Med System, Vienna, 
Austria) manuals. In short, tumor cells were trypsinized, followed by resuspension in binding buffer. After the addition 
of Annexin V-FITC and PI at volumes of 5 μL and 10 μL, respectively, a FACSCalibur (BD Biosciences, Heidelberg, 
Germany) was applied for apoptosis detection according to the operation manual.

Real-time quantitative polymerase chain reaction
In this assay, total cellular RNAs prepared by TRIzol reagent (Invitrogen, Carlsbad, CA, United States) were quantified 
with a NanoDrop 2000 instrument (Thermo Scientic, Waltham, MA, United States) spectrophotometer, followed by 
synthesis into cDNA with a PrimeScript RT reagent kit (Takara, Tokyo, Japan) and the subsequent determination of the 
relative gene expression with the use of a SYBR Green PCR Kit (TaKaRa). After normalization against GAPDH (for 
circRNA and mRNA) and U6 (for miRNA), the relative fold changes were counted with the 2–ΔΔCt formula. See Table 1 for 
primers.

Cell transfection
For hsa_circ_0136666 stable upregulation, CRC cells were transfected with hsa_circ_0136666 overexpression vector (oe-
hsa_circ_0136666, Geenseed Biotech, Guangzhou, China). In addition, 40 nM each of miR-1301-3p mimic and inhibitor, as 
well as chemokine (C-X-C motif) ligand 1 (CXCL1) small interfering RNA (si-CXCL1) and their corresponding controls 
(mimic NC, inhibitor NC, si-NC), were transfected. These oligonucleotides were provided by RiboBio (Guangzhou, 
China). Lipofectamine 3000 reagent (Invitrogen) was utilized for transfection, and further analysis was conducted after a 
48-hour incubation.

5-Ethynyl-2’-deoxyuridine assay
Briefly, 5-Ethynyl-2’-deoxyuridine (EdU) (50 μM, RiboBio) was placed into CRC cells (4 × 104 cells/well), followed by a 2-
hour incubation. After immobilization in a formaldehyde solution (4%), the cells were treated with Apollo and 4',6-
diamidino-2-phenylindole (DAPI). Finally, EdU-positive cells were counted by imaging five random fields using a 
fluorescence microscope (Olympus, Tokyo, Japan). Cell proliferation was calculated after normalizing the EdU-positive 
cell (red) count against the DAPI-stained cell (blue) count.

Cell cycle assay
In brief, CRC cells were trypsinized, followed by fixation in ice-cold ethanol overnight. The PBS-rinsed cells were then 
resuspended in PI (Bender Med System) for 30 min at 37 °C. Referring to the operation manual of FACSCalibur (BD 
Biosciences), the cell cycle distribution was assessed in this assay.

Western blot analysis
Cell lysates were prepared from 5 × 106 treated or untreated CRC cells in 6-well plates following the RIPA buffer 
(Beyotime, Nantong, China) instructions. After that, the specimens were subjected to SDS-PAGE (10%) and electrotransfer 
onto nitrocellulose membranes (Millipore, Molsheim, France). After being probed using the primary antibodies (Abcam, 
Cambridge, MA, United States): B-cell lymphoma-2 (Bcl-2; ab59348, 1:1000), Bcl-2 related X protein (Bax; ab53154, 1:1000), 
CXCL1 (1:100, ab206411), and β-actin (1:1000, ab8227) overnight, the immune complexes were treated with a 2-hour 
incubation with a secondary antibody (ab6721, 1:10000), followed by visualization with an ECL reagent (Amersham 
Biosciences, Pittsburg, PA, Sweden).

RNA pull-down assay
In short, probe-coated beads, generated by 2 h of room temperature incubation of the biotinylated hsa_circ_0136666 or 
NC probe (GenePharma, Shanghai, China) with magnetic beads, were incubated with SW480 and SW620 Lysates that 
were collected after sonication. Finally, the bead-bound RNA complexes were subjected to real-time quantitative PCR 
(RT-qPCR) analysis.

RNA immunoprecipitation assay
Briefly, SW480 and SW620 cells were cultured to 80% confluency through overnight incubation, followed by immersion 
in complete RNA immunoprecipitation (RIP) lysis buffer (Millipore). Then, the cell lysates were incubated with anti-
Argonaute2 (Ago2) or immunoglobulin G (IgG) and 2 h of treatment with magnetic protein A/G beads. At length, the 
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Table 1 Primer sequences for real-time quantitative PCR

Names Sequences (5’-3’)

hsa_circ_0136666: Forward AGGTGCTCACTGTGCTGAAA

hsa_circ_0136666: Reverse CAGATGTTCATTGGGTCCAT

hsa_circ_0000896: Forward ACTTCATTGAGAGCTCCTTCTGG

hsa_circ_0000896: Reverse CTTCAGAGTCCTCGAAGGAAGA

hsa_circ_0000392: Forward TCAAGTTACTGAGAAGAAAAAGCTG

hsa_circ_0000392: Reverse GTCCTCGAGGCACTCACAAT

miR-1301-3p: Forward TTACAGCTGCCTGAGAGTGACTTA

miR-1301-3p: Reverse CTCTACAGCTATATTGCCAGCCA

miR-34a-5p: Forward TCCGAGTGGCAGTGTCTTAG

miR-34a-5p: Reverse CTCAACTGGTGTCGTGGAG

miR-216a-3p: Forward ATAGTCACAGTGGTCTCTGG

miR-216a-3p: Reverse CTCAACTGGTGTCGTGGAG

CXCL1: Forward AACCGAAGTCATAGCCACAC

CXCL1: Reverse GTTGGATTTGTCACTGTTCAGC

U6: Forward CTCGCTTCGGCAGCACA

U6: Reverse AACGCTTCACGAATTTGCGT

GAPDH: Forward GGTCACCAGGGCTGCTTT

GAPDH: Reverse GGAAGATGGTGATGGGATT

samples were isolated for RT-qPCR quantification of hsa_circ_0136666 and miR-1301-3p.

Dual-luciferase reporter assay
In brief, hsa_circ_0136666 and CXCL1 3’ untranslated region (3’UTR) segments possessing miR-1301-3p-matched regions 
or mismatches were introduced into the psiCHECK2 vector (Promega, Madison, WI, United States) to generate 
hsa_circ_0136666 wild-type (wt)/mutant-type (mut) and CXCL1 3’UTR wt/mut reporter vectors. Subsequently, the 
indicated reporter vector (50 ng) was transfected into 293T cells (Sigma-Aldrich) with miR-1301-3p mimic or mimic NC 
(20 nM), followed by luciferase activity detection with the use of a dual-luciferase reporter (DLR) assay system 
(Promega).

Tumor xenograft assay
After obtaining the approval of the Animal Ethics Committee of the Second Affiliated Hospital of Kunming Medical 
University, we used BALB/C nude mice (Vital River Laboratory, Beijing, China) raised under a specific-pathogen-free 
environment for experiments. Male mice aged 5 wk were arranged in 4 groups (vector + DMSO, oe-hsa_circ_0136666 + 
DMSO, vector + curcumin, and oe-hsa_circ_0136666 + curcumin) with 6 mice in each group. SW480 cells (1 × 105) were 
transfected with vector or oe-hsa_circ_0136666, followed by subcutaneous inoculation into nude mice. Seven days later, 
these groups were treated with intraperitoneal DMSO or curcumin (25 mg/kg) injection twice a week. Additionally, a 
caliper was used to examine the tumor size once a week. All mice were euthanized on day 35 after inoculation, and their 
tumors were resected and weighed for further analysis. Additionally, immunohistochemical staining (IHCS) was 
executed in xenograft tissue sections as per the prior description[25], with Ki67- and proliferating cell nuclear antigen 
(PCNA)-specific antibodies to assess proliferation. In addition, section observation and image recording were performed 
using a BX51 system microscope (Olympus) and a digital microscope camera (DP70; Olympus), respectively.

Enzyme-linked immunosorbent assay
A CXCL1-dedicated enzyme-linked immunosorbent assay (ELISA) kit was used to quantify CXCL1. After curcumin (20 
μM, 24 h) treatment, the culture media of SW480 and SW620 cells were collected and measured using a human CXCL1 
ELISA kit (ab190805, Abcam) according to the manufacturer’s instructions.

Statistical methods
Data were obtained from experiments run independently in triplicate at least with the results analyzed using GraphPad 
Prism 7 (GraphPad Prism software, San Diego, CA, United States), and statistical significance was indicated by P < 0.05. 
Meanwhile, the mean ± SD was used for statistical description of the data. Intergroup and multigroup differences were 
identified by two-tailed Student’s t test and one-way analysis of variance (ANOVA) with Tukey’s tests, respectively.
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Figure 1 The impacts of curcumin treatment on colorectal carcinoma (SW480 and SW620) cell proliferation and apoptosis. Colorectal 
carcinoma (CRC) cells were treated with DMSO or curcumin (20 μM). A: Cell viability was detected in treated or untreated SW480 and SW620 using cell counting kit-
8 assays; B and C: Colony number assessment by colony-forming cell assays in treated or untreated SW480 and SW620; D and E: Apoptosis rate analysis in treated 
or untreated CRC cells by flow cytometry assays; F: Real-time quantitative PCR analysis of hsa_circ_0000392, hsa_circ_0000896, and hsa_circ_0136666 expression 
in treated or untreated SW480 and SW620 cells. 1P < 0.05.

RESULTS
Curcumin repressed CRC cell proliferation and boosted apoptosis
First, CRC SW480 and SW620 cells were treated with 20 μM curcumin to investigate the functional role played by 
curcumin in CRC. The CCK-8 results showed that 20 μM curcumin intervention was not toxic to NCM460, a normal 
human colon mucosal epithelial cell line (Supplementary Figure 1). As presented in Figure 1A, decreased cell viability 
was observed due to curcumin intervention compared to both the control and DMSO-treated groups. Consistently, 
curcumin treatment distinctly reduced the colony number of SW480 and SW620 cells relative to their control groups 
(Figure 1B and C). Furthermore, the apoptosis rate in the curcumin group was markedly improved in comparison with 
that in the other groups (Figure 1D and E). In addition, previous studies indicated the involvement of hsa_circ_0000392, 
hsa_circ_0000896, and hsa_circ_0136666 in the regulation of CRC progression[26]. Interestingly, curcumin treatment 
significantly decreased hsa_circ_0136666 expression in SW480 and SW620 cells but had no effect on hsa_circ_0000392 or 
hsa_circ_0000896 expression (Figure 1F). Therefore, follow-up studies were conducted on hsa_circ_0136666. Together, 
these data indicated the suppressive role of curcumin in CRC development.

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
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Figure 2 Overexpressing hsa_circ_0136666 overturned the effect of curcumin on proliferation in colorectal carcinoma SW480 and SW620 
cells. Colorectal carcinoma cells were treated with DMSO, curcumin, curcumin + vector, and curcumin + oe-hsa_circ_0136666. A: Cell counting kit-8 assays 
examined SW480 and SW620 cell viability after treatment; B and C: Colony-forming cell assays detected colony numbers in treated SW480 and SW620; D and E: 5-
Ethynyl-2’-deoxyuridine assays measured positive cells in treated SW480 and SW620; F and G: Flow cytometry assays analyzed cell cycle distribution in treated 
SW480 and SW620. 1P < 0.05.

Overexpression of hsa_circ_0136666 reversed curcumin-mediated CRC cell growth and apoptosis in vitro
Subsequently, the influence of hsa_circ_013666 and curcumin on CRC cell malignant biological behaviors was 
determined. First, the overexpression efficiency of hsa_circ_0136666 was successful (Supplementary Figure 2A). The data 
suggested that hsa_circ_0136666 upregulation could abrogate the inhibition of SW480 and SW620 cell viability and colony 
counts by curcumin (Figure 2A-C). Similarly, the reduction in EdU-positive cells caused by curcumin was also evidently 
ameliorated by hsa_circ_0136666 overexpression (Figure 2D and E). In addition, curcumin treatment might block cell 
cycle progression in SW480 and SW620 cells, which was significantly counteracted by oe-hsa_circ_0136666 transfection 
(Figure 2F and G). In addition, elevated hsa_circ_0136666 significantly mitigated the positive effect of curcumin on the 
apoptosis rate in SW480 and SW620 cells (Figure 3A and B). Meanwhile, curcumin treatment induced a marked decrease 
in Bcl-2 (an anti-apoptosis factor) and a substantial increase in Bax (a pro-apoptosis factor), which was reversed by 
hsa_circ_0136666 enrichment (Figure 3C and D). Collectively, hsa_circ_0136666 upregulation abolished the impacts of 
curcumin on CRC cell growth and apoptosis.

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
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Figure 3 Upregulating hsa_circ_0136666 overturned curcumin-mediated apoptosis promotion in colorectal carcinoma cells. SW480 and 
SW620 were treated with DMSO, curcumin, curcumin + vector, and curcumin + oe-hsa_circ_0136666. A and B: Flow cytometry assays tested apoptosis rate in 
treated SW480 and SW620; C and D: Western blot assays determined Bcl-2 and Bax protein levels in treated SW480 and SW620. 1P < 0.05.

Hsa_circ_0136666 directly interacted with miR-1301-3p
Then, we searched 3 potential target miRNAs of hsa_circ_0136666, namely, miR-34a-5p, miR-1301-3p, and miR-216-3p, 
from circBank. All these miRNAs were subjected to RNA pull-down analysis. In SW480 and SW620 cells, only miR-1301-
3p was substantially pulled down by the biotinylated hsa_circ_0136666 probe (Figure 4A). In addition, the RIP assay 
showed that hsa_circ_0136666 and miR-1301-3p were both greatly enriched in Ago2 pellets vs the IgG control group 
(Figure 4B). Thus, miR-1301-3p was chosen for further research. Furthermore, their binding loci are presented in 
Figure 4C. Furthermore, the miR-1301-3p mimic transfection efficiency is displayed in Supplementary Figure 2B. Then, 
the DLR assay showed that the miR-1301-3p mimic could decrease hsa_circ_0136666 wt luciferase activity in 293T cells, 
whereas it had no obvious impact on the mutant group (Figure 4D). Moreover, miR-1301-3p was enhanced by curcumin 
exposure in SW480 and SW620 cells compared with their control groups (Figure 4E), implying the participation of miR-
1301-3p in curcumin-mediated CRC development. Overall, miR-1301-3p acted as a direct target of hsa_circ_0136666.

Hsa_circ_0136666 could reverse curcumin-triggered CRC cell proliferation and apoptosis by interacting with miR-
1301-3p
Next, the influence of hsa_circ_0136666/miR-1301-3p on curcumin-medicated proliferation and apoptosis was further 
explored. According to the RT-qPCR assay, elevated hsa_circ_0136666 repressed miR-1301-3p levels in CRC cells, while 
miR-1301-3p mimic cotransfection counteracted these effects (Figure 5A). Functionally, miR-1301-3p upregulation 
weakened the cell growth ability-promoting effect of hsa_circ_0136666 in curcumin-treated SW480 and SW620 cells 
(Figure 5B-E). Similarly, hsa_circ_0136666 overexpression-induced enhancement of cell cycle progression was partly 
abated by miR-1301-3p upregulation in curcumin-induced SW480 and SW620 cells (Figure 5F). In addition, miR-1301-3p 
mimic introduction promoted the suppressive action of hsa_circ_0136666 overexpression against apoptosis in curcumin-
stimulated CRC cells (Figure 5G and H), accompanied by lowered Bcl-2 and elevated Bax levels (Figure 5I and J). Overall, 
hsa_circ_0136666 could partly regulate proliferation and apoptosis by targeting miR-1301-3p in curcumin-treated CRC 
cells.

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
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Figure 4 Hsa_circ_0136666 directly bound to miR-1301-3p. A: Real-time quantitative PCR (RT-qPCR) measured relative levels of 3 miRNA candidates in 
SW480 and SW620 lysates; B: RNA immunoprecipitation assays assessed miR-1301-3p endogenously associated with hsa_circ_0136666 in SW480 and SW620 
extracts; C: Binding loci between hsa_circ_0136666 and miR-1301-3p and the hsa_circ_0136666 mut sequence; D: The binding relationship was verified by a dual-
luciferase reporter assay; E: RT-qPCR assays quantified miR-1301-3p in SW480, SW480 + DMSO, SW480 + curcumin, SW620, SW620 + DMSO, and SW620 + 
curcumin. 1P < 0.05. wt: Wild-type; mut: Mutant-type.
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Figure 5 miR-1301-3p overturned the effect of hsa_circ_0136666 on growth and apoptosis in curcumin-treated colorectal carcinoma cells. 
A: Real-time quantitative PCR assays quantified miR-1301-3p levels in SW480 and SW620 transfected with vector, oe-hsa_circ_0136666, oe-
hsa_circ_0136666+mimic NC, and oe-hsa_circ_0136666 + miR-1301-3p mimic; B-J: Colorectal carcinoma cells were intervened by curcumin after transfection; B: 
Cell counting kit-8 assays measured cell viability; C and D: Colony-forming cell assays determined the colony number; E: 5-Ethynyl-2’-deoxyuridine assays examined 
positive cell count; F: Flow cytometry assays determined cell cycle distribution; G and H: Flow cytometry assays tested apoptosis; I and J: Western blot assays 
quantified Bcl-2 and Bax protein levels. 1P < 0.05.

miR-1301-3p directly targeted CXCL1
According to starBase analysis, the CXCL1 3’UTR possessed some complementary loci with miR-1301-3p (Figure 6A). The 
DLR assay suggested that miR-1301-3p upregulation significantly hindered CXCL1 3’UTR reporter luciferase activity but 
not the mutant group (Figure 6B). Notably, CXCL1 Levels were significantly downregulated by curcumin treatment in 
CRC cells (Figure 6C). Moreover, ELISA showed that CXCL1 levels were obviously reduced by curcumin treatment in 
CRC cells (Supplementary Figure 3A). Moreover, elevated hsa_circ_0136666 could facilitate CXCL1 protein levels in CRC 
cells, and miR-1301-3p upregulation distinctly attenuated this effect (Figure 6D), implying the ability of hsa_circ_0136666 
to modulate CXCL1 by sponging miR-1301-3p. Meanwhile, ELISA showed that hsa_circ_0136666 overexpression might 
increase CXCL1 secretion in CRC cells, which was reversed by miR-1301-3p overexpression (Supplementary Figure 3B). 
Overall, CXCL1 acted as a direct target of miR-1301-3p.

miR-1301-3p knockdown reversed the curcumin-induced increase in CRC cell growth and decrease in apoptosis by 
targeting CXCL1
The roles played by miR-1301-3p and CXCL1 in curcumin-mediated proliferation and apoptosis were explored. Simultan-
eously, the introduction of miR-1301-3p inhibitor and si-CXCL1 into SW480 and SW620 cells was performed, followed by 
transfection efficiency assessment (Figure 7A and B). Meanwhile, ELISA showed that the introduction of si-CXCL1 might 
reduce CXCL1 secretion in SW480 and SW620 cells (Supplementary Figure 3C). In addition, reduced miR-1301-3p could 
reinforce the CXCL1 protein level, while the cotransfection of si-CXCL1 counteracted the effect in SW480 and SW620 cells 
(Figure 7C). Additionally, ELISA showed that CXCL1 downregulation might significantly abolish the promotion of 
CXCL1 secretion by the miR-1301-3p inhibitor (Supplementary Figure 3D). Functionally, the augmented cell proliferative 
ability and cell cycle progression induced by miR-1301-3p downregulation were significantly relieved by CXCL1 
knockdown in curcumin-treated SW480 and SW620 cells (Figure 7D-H). In addition, the introduction of si-CXCL1 
abolished the negative action of miR-1301-3p knockdown against apoptosis in curcumin-exposed CRC cells (Figure 7I 
and J), manifested as decreased Bcl-2 and increased Bax levels (Figure 7K and L). In summary, miR-1301-3p regulated 
proliferation and apoptosis by interacting with CXCL1 in curcumin-treated CRC cells.

Curcumin repressed CRC cell growth by regulating hsa_circ_0136666 in vivo
We established mouse xenograft models of CRC to validate the functional effect of hsa_circ_0136666 and curcumin on in 
vivo tumor growth. As indicated by Figure 8A and B, curcumin could distinctly dampen tumor growth (reduced tumor 

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
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Figure 6 CXCL1 was miR-1301-3p’s direct target. A: Putative binding sequences between miR-1301-3p and CXCL1 3’UTR, and mutant sites in CXCL1 
3’UTR mut; B: Validation of prediction by dual-luciferase reporter assay; C: Western blot assay quantification of CXCL1 protein in SW480, SW480 + DMSO, SW480 + 
curcumin, SW620, SW620 + DMSO, and SW620 + curcumin; D: Western blot assay quantification of CXCL1 protein in SW480 and SW620 transfected with vector, 
oe-hsa_circ_0136666, oe-hsa_circ_0136666 + mimic NC, and oe-hsa_circ_0136666 + miR-1301-3p mimic. 1P < 0.05. 3’UTR: 3’ untranslated region; wt: Wild-type; 
mut: Mutant-type.

volume and weight), whereas the overexpression of hsa_circ_0136666 partially attenuated these effects in xenografts 
(Figure 8A and B). Furthermore, our data showed that curcumin injection could abate hsa_circ_0136666 and CXCL1 
Levels in tumor tissues derived from oe-hsa_circ_0136666-transfected SW480 cells (Figure 8C). Synchronously, miR-1301-
3p displayed an opposite trend in this xenograft (Figure 8C and D). In addition, IHCS revealed that Ki-67 and PCNA 
(standard proliferation markers) levels were dampened by hsa_circ_0136666 deficiency in this xenograft (Figure 8E). 
Together, curcumin suppressed CRC cell growth by regulating hsa_circ_0136666 in vivo.

DISCUSSION
In this research, the role and mechanism of curcumin in CRC development were explored. Here, we found that curcumin 
repressed CRC cell proliferation and boosted apoptosis and first verified that it was associated with the hsa_circ_013-
6666/miR-1301-3p/CXCL1 regulatory network.

Work in several laboratories has revealed that curcumin, a natural polyphenolic compound, presents antioxidant, anti-
inflammatory, and anticancer properties[27-29]. Recently, it has become evident that curcumin can repress tumor 
progression in a variety of cancers[30,31]. In terms of CRC, some studies have indicated that curcumin is a novel agent to 
prevent cancer development[32-34]. In this regard, the present study suggested the antiproliferative and pro-apoptotic 
actions of curcumin on CRC, consistent with previous reports[35,36]. Notably, previous documents discovered that 
circRNAs might be a potential mechanism through which curcumin modulates tumor development[20,21]. In this paper, 
we found that curcumin could reduce hsa_circ_0136666 levels in CRC cells for the first time. Moreover, recent studies 
have described that hsa_circ_0136666 acts as a carcinogenic factor by accelerating proliferation and metastasis in CRC[19,
37]. Functional analysis suggested that overexpressing hsa_circ_0136666 abolished the curcumin-triggered decline in CRC 
cell proliferative ability and augmentation of apoptosis in vitro. As expected, hsa_circ_0136666 upregulation also partly 
reversed the repressive action of curcumin on CRC cell growth in vivo. That is, the regulatory role of curcumin in the 
development of CRC might be correlated with hsa_circ_0136666.

CircRNAs are mostly stable transcripts with a large number of miRNA-binding loci, enabling them to act as miRNA 
sponges to repress miRNA modulation of downstream target genes in various human cancers[38,39]. In the current work, 
we first identified the role of miR-1301-3p as a novel miRNA target of hsa_circ_0136666. Similarly, miR-1301-3p was 
verified as a tumor-associated miRNA in thyroid papillary, breast, and bladder cancers[40-42]. miR-1301-3p has also been 
demonstrated to impede CRC cell proliferation and induce apoptosis[24]. Consistent with previous work, miR-1301-3p 
downregulation was also proven in CRC cells. Interestingly, we observed enhanced miR-1301-3p by curcumin. 
Furthermore, upregulating miR-1301-3p reversed the effects of hsa_circ_0136666 on curcumin-treated CRC cell growth 
and apoptosis. These findings imply that curcumin can hinder CRC development by a ceRNA effect of hsa_circ_0136666 
and miR-1301-3p.

Analogously, the possible miR-1301-3p-interacting target gene was searched based on bioinformatics, and CXCL1 was 
validated. CXCL1 is a chemokine of epithelial origin in rodents and humans that elevates tumor epithelia-stromal 
interactions and boosts tumor growth and invasion[43]. Further studies have shown that CXCL1 plays a tumorigenic role 
in multiple cancers[44,45], including CRC[46]. Meanwhile, the participation of CXCL1 in the modulation of malignant 
tumor progression by curcumin has been demonstrated[47,48]. In concordance with these findings, CXCL1 was identified 
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Figure 7 Downregulating CXCL1 abrogated the influence of miR-1301-3p knockdown on curcumin-triggered colorectal carcinoma cell 
proliferation and apoptosis. A: Real-time quantitative PCR assay measurement of miR-1301-3p in inhibitor NC and miR-1301-3p inhibitor-transfected SW480 
and SW620; B: Western blot assay of CXCL1 protein in si-NC or si-CXCL1-transfected SW480 and SW620; C: Western blot assay of CXCL1 protein in SW480 and 
SW620 after inhibitor NC, miR-1301-3p inhibitor, miR-1301-3p inhibitor + si-NC and miR-1301-3p inhibitor + si-CXCL1 transfection; D-L: Colorectal carcinoma cells 
were intervened by curcumin after transfection; D: Cell counting kit-8 assay of cell viability; E and F: Colony-forming cell assay of colony number; G: 5-Ethynyl-2’-
deoxyuridine assay of positive cells; H: Flow cytometry assay of cell cycle distribution; I and J: Flow cytometry assay of apoptosis; K and L: Western blot assay of Bcl-
2 and Bax protein levels. 1P < 0.05.

to be downregulated by curcumin treatment. Synchronously, the miR-1301-3p inhibitor enhanced cell growth and 
repressed apoptosis in curcumin-stimulated CRC cells by targeting CXCL1. Additionally, hsa_circ_0136666 modulated 
CXCL1 by sponging miR-1301-3p, further verifying that hsa_circ_0136666 regulation of tumor development can be 
mediated through miR-1301-3p/CXCL1 signaling.

CONCLUSION
Hsa_circ_0136666 relieves curcumin-induced CRC cell growth and apoptosis partly via miR-1301-3p/CXCL1 signaling. 
This study elucidates a new mechanism of curcumin and sheds light on developing a new therapeutic for CRC treatment.

Figure 8 Overexpressing hsa_circ_0136666 abolished the repression of curcumin on colorectal carcinoma growth in vivo. The nude mice 
were subcutaneously inoculated with SW480 introduced with vector or oe-hsa_circ_0136666, followed by intraperitoneal curcumin (25 mg/kg) injection one week 
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later. A and B: Tumour volume and tumour weight measurements in the xenografts; C: Real-time quantitative PCR assay quantification of hsa_circ_0136666, miR-
1301-3p, and CXCL1 in xenografts; D: Western blot assay of CXCL1 protein in xenografts; E: Immunohistochemical staining of Ki-67 and proliferating cell nuclear 
antigen expression in xenografts. 1P < 0.05. PCNA: Proliferating cell nuclear antigen.

ARTICLE HIGHLIGHTS
Research background
Colorectal carcinoma (CRC) is the most frequent-occurring malignant tumour in the United States. Curcumin exerts anti-
tumor activity in CRC, but the underlying mechanism needs further elucidation. Meanwhile, over the last decade, 
circular RNAs (circRNAs) is correlated with the initiation and development of various tumors, containing CRC. Also, the 
increasing focus on the competing endogenous RNAs hypothesis is that circRNAs serve as microRNA sponges to 
derepress target mRNAs’ levels.

Research motivation
Clinically, it is urgent to find a more effective therapy, which has high clinical significance for CRC patients. Currently, 
the chemo-preventive properties of traditional Chinese medicine have drawn great attention in cancer therapeutics. As a 
naturally occurring medicine, curcumin is derived from the medical plant Curcuma longa L. However, it needs further 
investigation regarding the mechanism through which curcumin affects CRC development.

Research objectives
This study aims at illuminating whether hsa_circ_0136666 involvement on curcumin-triggered CRC progression was 
mediated via sponging miR-1301-3p.

Research methods
CRC cells were adopted and treated with 20 μM curcumin for 24 h. Then, for hsa_circ_0136666 stably upregulation, CRC 
cells were treated with hsa_circ_0136666 overexpression vector transfection or miR-1301-3p mimic and inhibitor. Real-
time quantitative PCR was used to quantified the expression of hsa_circ_0136666, miR-1301-3p and CXCL1. Cell counting 
kit-8, colony-forming cell, 5-ethynyl-2’-deoxyuridine, and flow cytometry assays were carried out to determine cell prolif-
eration, apoptosis, and cell cycle progression. The relationship between hsa_circ_0136666, miR-1301-3p and CXCL1 were 
validated by RNA pull-down, RIP, and dual-luciferase reporter assay. In vivo experiments were implemented by the 
murine xenograft model.

Research results
Curcumin treatment could distinctly reduce the colony number of SW480 and SW620 cells relative to their control groups. 
Furthermore, the apoptosis rate in the curcumin group was markedly improved in comparison with other groups 
Interestingly, curcumin treatment significantly decreased hsa_circ_0136666 in SW480 and SW620 but had no effect on 
hsa_circ_0000392 and hsa_circ_0000896 expression. These data indicated the suppressive role of curcumin on CRC 
development. hsa_circ_0136666 upregulation could abolish the impacts of curcumin on CRC cell growth and apoptosis. 
Meanwhile, miR-1301-3p acted as a direct target of hsa_circ_0136666 and miR-1301-3p directly targeted CXCL1. 
Hsa_circ_0136666 could reverse curcumin-triggered CRC cell proliferation and apoptosis by interacting with miR-1301-3p 
while miR-1301-3p knockdown overturned curcumin-induced increase in CRC cell growth and decrease in apoptosis by 
targeting CXCL1. Curcumin repressed CRC cell growth via regulating hsa_circ_0136666 in vivo.

Research conclusions
Curcumin repressed CRC cell proliferation and boosted apoptosis, and first verified it was associated with the regulatory 
network of the hsa_circ_0136666/miR-1301-3p/CXCL1. Hsa_circ_0136666 relieves curcumin-induced CRC cell growth 
and apoptosis partly via the miR-1301-3p/CXCL1 signaling.

Research perspectives
This study elucidates a new mechanism of curcumin and sheds light on developing a new therapeutic for CRC treatment.
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Abstract
BACKGROUND 
Immune checkpoint inhibitors (ICIs) targeting programmed cell death protein 1 
(PD-1) and T cell immunoglobulin and mucin domain-containing protein 3 (TIM-
3) are beneficial to the resumption of anti-tumor immunity response and hold 
extreme potential as efficient therapies for certain malignancies. However, ICIs 
with a single target exhibit poor overall response rate in hepatocellular carcinoma 
(HCC) patients due to the complex pathological mechanisms of HCC.

AIM 
To investigate the effects of combined TIM-3 and PD-1 blockade on tumor 
development in an HCC mouse model, aiming to identify more effective immuno-
therapies and provide more treatment options for HCC patients.

METHODS 
The levels of PD-1 and TIM-3 on CD4+ and CD8+ T cells from tumor tissues, 
ascites, and matched adjacent tissues from HCC patients were determined with 
flow cytometry. An HCC xenograft mouse model was established and treated 
with anti-TIM-3 monoclonal antibody (mAb) and/or anti-PD-1 mAb. Tumor 
growth in each group was measured. Hematoxylin and eosin staining and 
immunohistochemical staining were used to evaluate T cell infiltration in tumors. 
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The percentage of CD4+ and CD8+ T cells in tissue samples from mice was tested with flow cytometry. The 
percentages of PD-1+CD8+, TIM-3+CD8+, and PD-1+TIM-3+ CD8+ T cells was accessed by flow cytometry. The 
levels of the cytokines including tumor necrosis factor alpha (TNF-α), interferon-γ (IFN-γ), interleukin (IL)-6, and 
IL-10 in tumor tissues were gauged with enzyme-linked immunosorbent assay kits.

RESULTS 
We confirmed that PD-1 and TIM-3 expression was substantially upregulated in CD4+ and CD8+ T cells isolated 
from tumor tissues and ascites of HCC patients. TIM-3 mAb and PD-1 mAb treatment both reduced tumor volume 
and weight, while combined blockade had more substantial anti-tumor effects than individual treatment. Then we 
showed that combined therapy increased T cell infiltration into tumor tissues, and downregulated PD-1 and TIM-3 
expression on CD8+ T cells in tumor tissues. Moreover, combined treatment facilitated the production of T cell 
effector cytokines TNF-α and IFN-γ, and reduced the production of immunosuppressive cytokines IL-10 and IL-6 
in tumor tissues. Thus, we implicated that combined blockade could ameliorate T cell exhaustion in HCC mouse 
model.

CONCLUSION 
Combined TIM-3 and PD-1 blockade restrains HCC development by facilitating CD4+ and CD8+ T cell-mediated 
antitumor immune responses.

Key Words: Hepatocellular carcinoma; T cell immunoglobulin and mucin domain-containing protein 3; Programmed cell death 
protein 1; CD4+ T cells; CD8+ T cells

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigated the effects of combined blockade of T cell immunoglobulin and mucin domain-containing 
protein 3 (TIM-3) and programmed cell death protein 1 (PD-1) on tumor development in a hepatocellular carcinoma (HCC) 
mouse model. We showed that combined TIM-3 and PD-1 blockade had more substantial inhibitory effects on tumor growth 
in mice compared with individual blockade. The combined therapy increased T cell infiltration and ameliorated CD4+ and 
CD8+ T cell exhaustion in HCC mouse model. Our findings proposed an effective immunotherapy and may provide more 
treatment options for HCC patients.

Citation: Zhang XS, Zhou HC, Wei P, Chen L, Ma WH, Ding L, Liang SC, Chen BD. Combined TIM-3 and PD-1 blockade restrains 
hepatocellular carcinoma development by facilitating CD4+ and CD8+ T cell-mediated antitumor immune responses. World J 
Gastrointest Oncol 2023; 15(12): 2138-2149
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2138.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2138

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fourth most intractable tumor in clinic worldwide[1]. The majority of HCC 
patients have advanced-stage diagnoses, which are frequently accompanied by distant metastases[2,3]. Surgical resection, 
chemotherapy and local ablative therapy are three conventional methods used in clinical HCC treatment, but which have 
limited effects on advanced HCC patients, such as tumor recurrence, drug resistance, and unsatisfactory survival rate and 
prognosis[4-6]. It’s general known that the aggressive tumor progression is intimately related to immune escape mediated 
by multiple mechanisms[7,8]. Recently, multiple novel immune therapies, such as blockade of immune checkpoints and 
adoptive T-cell transfer, have been identified as efficient and safe therapies for malignant tumors with long-term survival 
and acceptable toxicity, which have attracted more attention and provide novel directions for HCC treatment[9,10]. 
Therefore, it’s essential to identify more effective immunotherapies and provide more treatment options to achieve 
satisfactory survival rate and prognosis for HCC patients.

The tumor microenvironment has been frequently studied in cancer research. It’s generally known that tumor-infilt-
rating lymphocytes (TILs) contribute to anti-tumor immunity and affect the cancer progression of patients[11,12]. 
Changes in TIL numbers, localization and phenotypes are indispensable indicators of cancer progression and immuno-
therapy efficacy[13]. Among them, T cells are essential for identifying and destroying tumor cells. The increased T cell 
infiltration is a positive prognostic indicator in HCC immunotherapy management[14]. Cytotoxic CD8+ T cells can 
eliminate malignant cancer cells and is an important defense line for anti-tumor immunity[15]. Additionally, there is 
evidence that CD4+ T cells can eliminate malignant cancer cells[16]. Nevertheless, persistent tumor antigen stimulation 
can cause T cell exhaustion and loss of function, resulting in tumor immune escape[17].

It is generally recognized that exhausted T cells are accompanied by frequent expression of various co-inhibitory 
receptors, such as programmed cell death protein 1 (PD-1), T cell immunoglobulin and mucin domain-containing protein 
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3 (TIM-3)[18]. These receptors can inhibit T cell function by interacting with their specific ligands, which are also called 
immune checkpoints. It has been previously revealed that blockage of immune checkpoints is beneficial to the 
resumption of anti-tumor immunity response and holds extreme potential as an efficient method for certain malignancies 
including advanced melanoma and lung cancer[19,20]. Currently, immune checkpoint inhibitors (ICIs) targeting PD-1 
exhibits encouraging outcomes for HCC immunotherapy in clinic[21]. These inhibitors are essentially monoclonal 
antibodies (mAb) and have received increased attention. However, due to the complex pathological mechanisms of HCC, 
ICIs with a single target exhibit poor overall response rate in HCC patients[22]. Therefore, combination therapy with 
more targets may be a better option to achieve better clinical outcomes.

Given the limited studies study about TIM-3 blockade in HCC, our study first characterized the expression of PD-1 and 
TIM-3 in CD4+ and CD8+ T cells from clinical HCC samples. Then we focused on investigating the effects of combined 
blockade of TIM-3 and PD-1 on T cell immunological function and cancer development in an HCC mouse model.

MATERIALS AND METHODS
Clinical specimens
We recruited 20 HCC patients (12 males and 8 females; age 63.7 ± 7.3 years) at the General Hospital of Ningxia Medical 
University between February 2022 and May 2022. Tumor tissues, paired non-tumor adjacent tissues, and malignant 
ascites were collected during surgery. None of the patients received chemoradiotherapy or immunotherapy before 
surgery. This study was conducted with the approval of the Ethics Committee of the General Hospital of Ningxia Medical 
University. All participants provided clinical specimens and signed the informed consent forms (Table 1).

Animals and cell line
Healthy male BALB/c nude mice (18-20 g) were obtained from the experimental animal center of Ningxia Medical 
University. They were maintained in standard laboratory environment with a 12 h light/dark cycle, 22-25 °C 
temperature, 55%-60% humidity, and free access to food and water. HepG2 cells were obtained from ATCC (Manassas, 
VA, United States), and cultured in DMEM containing 10% foetal bovine serum and 1% antibiotics at 37 °C in 5% CO2.

Isolation of mononuclear cells from tissues and ascites
Mononuclear cell suspensions from tumor and adjacent tissues were obtained according to previously described method
[23,24]. In general, tumor and adjacent tissues were mechanically fragmented and digested in RPMI 1640 with 1 mg/mL 
collagenase IV, 0.04 mg/mL DNAse I, and 0.4 mg/mL hyaluronidase for 1 h at 37 °C. The obtained mixture was filtered 
using cell strainers with a 70 μm pore size to acquire cells. Moreover, ascites supernatant was collected using a centrifuge 
set at 400 × g for 10 min. Afterwards, mononuclear cells in the tissue suspension and ascites were separated and collected 
by Ficoll density gradient centrifugation with Lymphoprep (Stemcell Technologies, Canada). Cells were then washed and 
resuspended in RPMI 1640.

Flow cytometry
The isolated mononuclear cells were stained with fluorescence-conjugated mAb in the dark at 4 °C for 20 min. The 
fluorescence-conjugated mAb provided by eBioscience (San Diego, United States) were as follows: Fluorescein 
isothiocyanate (FITC)-conjugated CD4, FITC-conjugated CD8, allophycocyanin-conjugated PD-1, phycoerythrin-
conjugated TIM-3, and the corresponding isotype controls. Flow cytometry was conducted with a flow cytometer (BD 
Biosciences, CA, United States). FlowJo software (Treestar, CA, United States) was used to analyze the data. Antigen 
expression is represented by the fluorescence intensity on dual-parameter scattergrams.

Animal studies
After acclimatization to the environment for one week, 4 × 105 HepG2 cells were subcutaneously injected into the right 
flank of mice. These model mice were divided into four treatment groups (n = 8 each group). Mice were administrated 
with immunoglobulin G (IgG) isotype control (100 μg), anti-TIM-3 mAb (100 μg) or/and anti-PD1 mAb (100 μg) in a 
volume of 200 μL via intraperitoneal injection twice a week for sustained 4 wk. These mAbs were all purchased from 
BioXcell (New Hampshire, United States). Tumor volume was calculated every week. Peripheral blood was collected 
before euthanasia and kept in an anticoagulant tube. Then tumor tissues, spleen, and thymus were completely separated 
and weight was recorded. All animal experiments in this study were approved by the Ethics Committee of the General 
Hospital of Ningxia Medical University.

Immune organ indices
The spleen or thymus index can roughly estimate the strength of immune function. They were calculated by the following 
equation: Spleen/thymus index (mg/g) = the weight of spleen/thymus (mg)/body weight (g).

Hematoxylin and eosin staining
Paraffin-embedded tissues were prepared and cut into 4 μm thick slices. Tissue slices were deparaffinized with xylene, 
dehydrated, and stained with hematoxylin and eosin (HE) solution. After cleaning and sealing with neutral resin, slices 
were photographed under light microscope.
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Table 1 Patient characteristics

Patient characteristics n

< 60 14Age (yr)

≥ 60 6

Male 12Gender

Female 8

Stage I 4

Stage II 12

Pathologic stage

Stage III 4

Immunohistochemical staining
After deparaffinization with xylene and rehydration, 4 μm paraffin-embedded tissue slices were mixed with sodium 
citrate solution and heated in a microwave oven, followed by adding 3% H2O2 for 10 min of inactivation. Thereafter, the 
slices were incubated with primary antibodies against CD4 (ab133616, Abcam) and CD8 (ab217344, Abcam) overnight at 
4 °C, and secondary antibody for 1 h. Next, the slices were developed with a diaminobenzidine immunohistochemistry 
color development kit (Beyotime, Shanghai, China). Finally, positive staining was imaged under a light microscope and 
analyzed with the ImageJ software (NIHB, Maryland, United States).

Mononuclear cell isolation
Cell supernatants from tumor tissues were obtained according to the method we mentioned above. Moreover, the 
obtained spleens were softly pulverized by filtering through a 200-gauge steel mesh, and digested in FACS lysis solution. 
The mixture was centrifuged and washed with phosphate buffered saline. Then, mononuclear cells in tumor and spleen 
tissue suspensions were obtained by density gradient centrifugation. Peripheral mononuclear cells were isolated with 
mouse lymphocyte separation medium (Solarbio, Shanghai, China).

Cytokine level detection
Tumor tissues were lysed, and the supernatant was collected by centrifugation. The levels of the cytokines including 
tumor necrosis factor alpha (TNF-α), interferon-γ (IFN-γ), interleukin (IL)-6, and IL-10 in tumor tissues were gauged with 
corresponding enzyme-linked immunosorbent assay kits.

Statistical analysis
Data from at least triplicate independent experiments were presented as mean ± SD and analyzed with SPSS 22.0 
software. Student’s t-test or one-way analysis of variance (ANOVA) was used to analyze comparisons among groups. P < 
0.05 was considered statistically significant.

RESULTS
PD-1 and TIM-3 were upregulated in T cells from HCC patients
We first determined PD-1 and TIM-3 levels on CD4+ and CD8+ T cells from HCC patients by flow cytometry. As 
exhibited in Figures 1A-D, compared with matched adjacent tissues, they were both conspicuously upregulated in CD4+ 
and CD8+ T cells from tumor tissues. Our results also implied that PD-1 and TIM-3 were also highly expressed in 
conveniently available clinical ascites samples. Afterwards, we observed that their expression on T cells in tumor tissues 
was positively correlated with that in ascites (Figures 1E-H).

Combined TIM-3 and PD-1 blockade restrained xenograft tumor growth in mice
Anti-PD-1 agents have been used in clinic for HCC treatment[25,26]. However, the effects of anti-TIM-3 agents have not 
been fully clarified. We next determined the anti-tumor activities of anti-TIM-3 mAb, anti-PD-1 mAb and their 
combination in HCC. A xenograft mouse model of HCC was established. Tumor images were presented in Figure 2A, 
and it was observed that TIM-3 and PD-1 mAb treatment both reduced tumor volume (Figure 2B) and weight (Figure 2C) 
compared with IgG treatment. Moreover, combined blockade had more substantial anti-tumor effects than individual 
treatment. In addition, the spleen index (Figure 2D) was obviously elevated and the thymus index (Figure 2E) was 
decreased in model mice, indicating the impaired immunity in model mice. However, individual or combination 
treatment substantially reduced the spleen index and increased the thymus index in mice, while the effects of 
combination treatment were more significant. Our results illustrated that combined blockade restrained xenograft tumor 
growth and ameliorated the tumor immunosuppressive microenvironment in mice.
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Figure 1 Programmed cell death protein 1 and T cell immunoglobulin and mucin domain-containing protein 3 were upregulated in CD4+ 
and CD8+ T cells isolated from hepatocellular carcinoma patients. Mononuclear cells were isolated from tumor tissues, ascites, and matched adjacent 
tissues of hepatocellular carcinoma (HCC) patients. A and B: Programmed cell death protein 1 (PD-1) (A) and T cell immunoglobulin and mucin domain-containing 
protein 3 (TIM-3) (B) expression on CD4+ T cells in tumor tissues, ascites, and matched adjacent tissues of HCC patients (n = 20) was assessed with flow cytometry; 
C and D: PD-1 (C) and TIM-3 (D) expression on CD8+ T cells in tumor tissues, ascites, and matched adjacent tissues of HCC patients (n = 20) was assessed with 
flow cytometry; E and F: PD-1 expression on CD4+ (E) cells and CD8+ (F) T cells in tumor tissues was positively correlated with that in ascites; G and H: TIM-3 
expression on CD4+ cells and CD8+ T cells in tumor tissues was positively correlated with that in ascites. Data from at least three independent experiments were 
presented as mean ± SD. aP < 0.01, tumor group compared with the adjacent group; bP < 0.01, ascites group compared with the adjacent group. PD-1: Programmed 
cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3.

Combined TIM-3 and PD-1 blockade activated CD4+ and CD8+ T cell infiltration into tumor tissues
We next investigated the effects of combined blockade on TILs in tumor microenvironment. HE staining illustrated that 
combined blockade alleviated the apoptotic characteristics of TILs and increased the number of TILs. Particularly, these 
changes were more obvious in the combination treatment group (Figure 3A). Additionally, immunohistochemical 
staining indicated that combined blockade improved the number of CD4+ (Figures 3B and C) and CD8+ (Figures 3D and 
E) T cells in mice. Our results revealed that combined blockade could prominently activate T cell infiltration.

Combined TIM-3 and PD-1 blockade increased the percentage of CD4+ and CD8+ T cells in mice
The main immunosuppressive mechanism of cancer cells is intimately related to CD4+ and CD8+ T cells[15,16]. The 
percentage of CD4+ and CD8+ T cells in tumor tissues, peripheral blood and spleen was then tested with flow cytometry. 
As expected, TIM-3 and PD-1 blockade prominently increased the percentage of CD4+ (Figures 4A-C) and CD8+ (Figures 
4D-F) T cells in all collected samples of mice, especially the combined group, which exhibited more significant alterations. 
Therefore, we proposed that combined blockade could increase the percentage of CD4+ and CD8+ T cells and improve 
anti-tumor immune responses.
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Figure 2 Combined T cell immunoglobulin and mucin domain-containing protein 3 and programmed cell death protein 1 blockade 
restrained xenograft tumor growth in mice. A xenograft mouse model of hepatocellular carcinoma was established by subcutaneously injecting HepG2 cells 
into mice. These model mice were treated with immunoglobulin G (IgG) isotype control (IgG group; n = 8), anti-T cell immunoglobulin and mucin domain-containing 
protein 3 (TIM-3) monoclonal antibody (mAb) (TIM-3 mAb group; n = 8), anti-programmed cell death protein 1 (PD-1) mAb (PD-1 mAb group; n = 8), and combined 
anti-TIM-3 mAb and anti-PD-1 mAb (TIM-3 mAb + PD-1 mAb group; n = 8) for 4 wk. A: Tumor images in the four groups; B: Tumor volume; C: Tumor weight of mice 
in the four groups were recorded; D and E: The spleen index (D) and thymus index (E) were determined after euthanasia. Data from at least three independent 
experiments were presented as mean ± SD. dP < 0.01, compared with healthy control mice; aP < 0.01, bP < 0.01, cP < 0.01, compared with the immunoglobulin G 
isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3; IgG: Immunoglobulin G; mAb: 
Monoclonal antibody.

Combined TIM-3 and PD-1 blockade ameliorated T cell exhaustion
T cell exhaustion is a vital immune escape mechanism in tumor microenvironment, and is accompanied by increased co-
inhibitory receptor expression[27,28]. Therefore, we determined the roles of combined blockade in T cell exhaustion 
phenotypes in a xenograft mouse model. PD-1+CD8+ and TIM-3+CD8+ T cells in tumor tissues were assessed. Our 
results clearly indicated that PD-1 blockade prominently decreased PD-1+CD8+ T cell levels (Figures 5A and D) 
compared with IgG treatment, while anti-TIM-3 blockade restrained TIM-3+CD8+ T cell numbers (Figures 5B and E) in 
tumor tissues. Moreover, combined treatment simultaneously reduced PD-1+CD8+ T cell and TIM-3+CD8+ T cell 
numbers. Additionally, combined blockade obviously inhibited PD-1+TIM-3+CD8+ T cell numbers (Figures 5C and F). 
Collectively, our results suggested that combined blockade could ameliorate the exhausted CD8+ T cell phenotype in the 
immunosuppressive microenvironment of HCC.

Combined TIM-3 and PD-1 blockade affected immune effector chemokines in mice
Solvent cytokines provide another crucial distinctive marker for T cell exhaustion. We detected the levels of critical T cell 
effector cytokines, IFN-γ and TNF-α, and immunosuppressive cytokines, IL-10 and IL-6 in tumor tissues of all groups of 
mice. It was revealed that the individual blockade of TIM-3 and PD-1 prominently facilitated IFN-γ and TNF-α 
production (Figures 6A and B), and reduced IL-10 and IL-6 levels (Figures 6C and D). Importantly, such changes were 
more obvious in the combined group. Thus, the above results highlighted the crucial effect of combined blockade on 
restoring exhausted CD8+T cell mediated anti-tumor capability.

DISCUSSION
To date, multiple effective and safe immunotherapies have achieved gratifying survival rate and prognosis for HCC 
patients. which have attracted more attention and provide novel directions for HCC treatment. It’s generally identified 
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Figure 3 Combined blockade activated CD4+ and CD8+ T cell infiltration into tumor tissues. A: The infiltration of tumor-infiltrating lymphocytes into 
tumor tissues was evaluated with hematoxylin and eosin staining; B-E: Immunohistochemical staining was employed to assess CD4+ (B, C) and CD8+ (D, E) T cell 
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numbers in tumor tissues. Data from at least three independent experiments were presented as mean ± SD. aP < 0.01, bP < 0.01, cP < 0.01, compared with the 
immunoglobulin G isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3; IgG: 
Immunoglobulin G; mAb: Monoclonal antibody.

Figure 4 Combined blockade increased the percentage of CD4+ and CD8+ T cells in mice. A-C: The percentage of CD4+ T cells in tumor tissues (A), 
peripheral blood (B) and spleen (C) of mice in four groups was tested with flow cytometry. E and F: The percentage of CD8+ T cells in (D) tumor tissues, peripheral 
blood (E) and spleen (F) of mice in four groups was tested with flow cytometry. Data from at least three independent experiments were presented as mean ± SD. aP < 
0.01, bP < 0.01, cP < 0.01, compared with the immunoglobulin G isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and 
mucin domain-containing protein 3; IgG: Immunoglobulin G; mAb: Monoclonal antibody.

that increased TIL infiltration in tumor microenvironment has consistently been linked to improved outcomes for HCC 
patients in clinic[14]. The ability of tumor specific effector CD4+ and CD8+ T cells is intimately associated with their 
numbers, localization, and phenotype[15,16]. T cells are essential for identifying and destroying tumor cells. However, 
persistent tumor antigen stimulation can cause T cell exhaustion and loss of function, resulting in tumor immune escape
[17]. Meanwhile, it has been reported that increased co-inhibitory receptor expression induces T cell exhaustion 
phenotype, leading to T cell immunodeficiency[18]. Thus, restoring T cell functions through blockade of immune 
checkpoints continues to be a dominant approach for cancer treatment. To date, advanced development of ICIs has been 
achieved, and multiple ICIs targeting PD-1 have been applied for HCC patients[25,26]. However, PD-1/PD-L1 is just one 
of numerous complex elements of anti-tumor immunity, and only blockage of PD-1 has the limitation of unsatisfactory 
curative effects and drug resistance. Therefore, the combination of multiple ICIs may have additive effects and become a 
better option to treat advanced HCC.

TIM-3 was identified as a promising immune checkpoint molecule. The therapeutic method of TIM-3 blockade has 
been studied in multiple human tumor immunotherapies, especially in combination with other immune checkpoints[29]. 
It has been previously found that multiple co-inhibitory receptors, including PD-1 and TIM-3, are prominently 
upregulated on CD4+ and CD8+ T cells from tumor tissues of HCC patients[24]. Moreover, TIM-3 and PD-1 positive 
CD8+ T cells were indicated to be related to adverse outcomes for HCC[23]. However, TIM-3 blockade is relatively poorly 
studied in HCC. Our study first collected clinical samples from HCC patients, and confirmed that PD-1 and TIM-3 
expression was substantially upregulated in CD4+ and CD8+ T cells isolated from tumor tissues and ascites compared 
with matched adjacent tissues. Ascites are conveniently available clinical samples, and our results support the adoption of 
ascites as an alternative site for TIM-3 recognition and patient stratification to manage TIM-3 blockers.

A previous meta-analysis revealed that TIM-3 upregulation was linked to adverse prognosis in individuals with 
various cancers, and they proposed that TIM-3 might be a dominant target[30]. Notably, TIM-3 blockage in combination 
with radiation could improve anti-tumor efficacy in an HCC mouse model[31]. Our study suggested that individual TIM-
3 mAb and PD-1 mAb treatment both reduced tumor volume and weight, while combined blockade had more substantial 
tumor suppressive effect than individual treatment. In addition, the combination therapy also reduced the spleen index 
and increased the thymus index in mice, indicating the improvement in the immunosuppressive tumor microenvir-
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Figure 5 Combined blockade ameliorated T cell exhaustion. A and D: The percentages of programmed cell death protein 1 (PD-1)+CD8+ T cells; B and 
E: T cell immunoglobulin and mucin domain-containing protein 3 (TIM-3)+CD8+ T cells; C and F: PD-1+TIM-3+CD8+ T cells in the tumor tissues of mice in the four 
groups was assessed with flow cytometry. Data from at least three independent experiments were presented as mean ± SD. aP < 0.01, bP < 0.01, cP < 0.01, 
compared with the immunoglobulin G isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing 
protein 3; IgG: Immunoglobulin G; mAb: Monoclonal antibody.

onment. More importantly, combined blockade prominently upregulated CD4+ and CD8+ T cells and activated cell infilt-
ration into tumor tissues. Additionally, our results showed that combined blockade can simultaneously downregulate 
PD-1 and TIM-3 expression on CD8+ T cells. Likewise, PD-1+TIM-3+ CD8+ T cell numbers in tumor tissues were 
obviously reduced by combination therapy. Meanwhile, combined blockade also facilitated IFN-γ and TNF-α production, 
and reduced the production of IL-10 and IL-6 in tumor tissues. Therefore, we implicated that combined blockade could 
ameliorate T cell exhaustion in HCC model mice.

CONCLUSION
Taken together, our study proposed that the combined blockade of TIM-3 and PD-1 had an additive anti-tumor effect on 
an HCC mouse model compared with individual treatment. Combined therapy improved anti-tumor immune responses 
in HCC mouse model by increasing CD4+ and CD8+ T cell infiltration, down-regulating the co-inhibitory receptors TIM-
3 and PD-1, and ameliorating T cell exhaustion. We hope that our findings will benefit to the clinical treatment of HCC.
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Figure 6 Combined blockade of T cell immunoglobulin and mucin domain-containing protein 3 and programmed cell death protein 1 
affected immune effector chemokines in mice. A-D: The levels of T cell effector cytokines interferon-γ (A) and (B) tumor necrosis factor-α, and 
immunosuppressive cytokines interleukin (IL)-10 (C) and IL-6 (D) in tumor tissues of mice in four groups were gauged with enzyme-linked immunosorbent assay kits. 
Data from at least three independent experiments were presented as mean ± SD. aP < 0.01, bP < 0.01, cP < 0.01, compared with the immunoglobulin G isotype 
control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3; IgG: Immunoglobulin G. IL: Interleukin; 
TNF-α: Tumor necrosis factor-α; IFN-γ: Interferon-γ; mAb: Monoclonal antibody.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is the fourth intractable tumors in clinic worldwide. Recently, immune checkpoint 
inhibitors (ICIs), a novel immune therapy, has been identified as an efficient and safe therapy for malignant tumors, 
which have attracted more attention and give novel directions for HCC treatment.

Research motivation
ICIs targeting programmed cell death protein 1 (PD-1) and T cell immunoglobulin and mucin domain-containing protein 
3 (TIM-3) are benefit to the resume of anti-tumor immunity response and hold extreme potential as efficient therapies for 
certain malignancies. Given the complex pathological mechanisms of HCC, ICIs with a single target exhibit poor overall 
response rate in HCC patients. Therefore, it’s of great significance to identify more effective immunotherapies and 
provide more treatment options to achieve gratifying survival rate and prognosis for HCC patients.

Research objectives
This study investigated the effects of combined TIM-3 and PD-1 blockade on tumor development in an HCC mouse 
model, aiming to identify more effective immunotherapies and provide more treatment options for HCC patients.

Research methods
We first detected the levels of PD-1 CD4+, PD-1 CD8+, TIM-3 CD4+, and TIM-3 CD8+ in tumor tissues, ascites, and 
matched adjacent tissues from HCC patients. Next, we investigated the effects of combined and individual blockage of 
TIM-3 and PD-1 on an HCC xenograft mouse model. Tumor growth and CD4+ and CD8+ T cell-mediated antitumor 
immune responses were assessed.

Research results
PD-1 and TIM-3 expression was upregulated in CD4+ and CD8+ T cells isolated from tumor tissues and ascites of HCC 
patients. TIM-3 mAb and PD-1 mAb treatment both reduced tumor volume and weight, while combined blockade had 
more substantial anti-tumor effects compared with individual treatment. The combined therapy increased T cell infilt-
ration into tumor tissues, and ameliorated CD4+ and CD8+ T cell exhaustion in HCC mouse model.

Research conclusions
Combined TIM-3 and PD-1 blockage has more substantial anti-tumor effects compared with individual blockage. 
Combined TIM-3 and PD-1 blockage restrains HCC development by facilitating CD4+ and CD8+ T cell-mediated 
antitumor immune responses.
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Research perspectives
We need to explore the effects of combination of multiple ICIs to provide better options for HCC treatment.
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Abstract
BACKGROUND 
We previously demonstrated that heat shock factor protein 4 (HSF4) facilitates 
colorectal cancer (CRC) progression. DNA methylation, a major modifier of gene 
expression and stability, is involved in CRC development and outcome.

AIM 
To investigate the correlation between HSF4 methylation and CRC risk, and to 
uncover the underlying molecular mechanisms.

METHODS 
Differences in β values of HSF4 methylation loci in multiple malignancies and 
their correlation with HSF4 mRNA expression were analyzed based on Shiny 
Methylation Analysis Resource Tool. HSF4 methylation-related genes were 
identified by LinkedOmics in CRC, and Gene Ontology and Kyoto Encyclopedia 
of Genes and Genomes enrichment analyses were performed. Protein-protein 
interaction network of HSF4 methylation-related genes was constructed by String 
database and MCODE algorithm.

RESULTS 
A total of 19 CpG methylation loci were identified in HSF4, and their β values 
were significantly increased in CRC tissues and exhibited a positive correlation 
with HSF4 mRNA expression. Unfortunately, the prognostic and diagnostic 
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performance of these CpG loci in CRC patients was mediocre. In CRC, there were 1694 HSF4 methylation-related 
genes; 1468 of which displayed positive and 226 negative associations, and they were involved in regulating 
phenotypes such as immune, inflammatory, and metabolic reprogramming. EGFR, RELA, STAT3, FCGR3A, 
POLR2K, and AXIN1 are hub genes among the HSF4 methylation-related genes.

CONCLUSION 
HSF4 is highly methylated in CRC, but there is no significant correlation between it and the prognosis and 
diagnosis of CRC. HSF4 methylation may serve as one of the ways in which HSF4 mediates the CRC process.

Key Words: Colorectal cancer; DNA methylation; Prognosis; Diagnosis; Bioinformatics; Heat shock factor protein 4

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colorectal cancer (CRC) is a common malignant tumor of the gastrointestinal tract with clinical manifestations of 
diarrhea, constipation, and abdominal pain. We previously demonstrated that heat shock factor protein 4 (HSF4) accelerates 
the malignant biological behavior of CRC cells in vivo and in vitro. This study reveals that HSF4 is highly methylated and 
associated with HSF4 overexpression in CRC. Although the diagnostic and prognostic value of HSF4 methylation is poor, it 
may be involved in the process of CRC by mediating the expression of HSF4 or related genes. Combined with the finding of 
our previous study, the present study suggests that the high expression of HSF4 mRNA and protein and its oncogenic effects 
are likely to be associated with HSF4 methylation.

Citation: Zhang WJ, Yue KL, Wang JZ, Zhang Y. Association between heat shock factor protein 4 methylation and colorectal cancer 
risk and potential molecular mechanisms: A bioinformatics study. World J Gastrointest Oncol 2023; 15(12): 2150-2168
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2150.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2150

INTRODUCTION
Colorectal cancer (CRC) is a malignant tumor of the digestive tract that occurs in the rectum, cecum, and entire colon, 
with symptoms such as abdominal pain, difficulty passing stool, constipation, or diarrhea[1]. According to the latest 
statistics from the World Health Organization[2], CRC has become the third most common malignancy worldwide after 
lung cancer and breast cancer, with about 200000 new cases occurring worldwide each year, of which, 916000 die from 
CRC. According to the American Society of Clinical Oncology[3], the 5-year survival rate for patients with CRC is approx-
imately 65%. Nevertheless, most CRC patients have already developed distal metastases by the time they receive a 
definitive diagnosis, which leads to a shrinking 5-year survival rate to 14%[3]. Consequently, the search for new 
biomarkers will facilitate the timely diagnosis of CRC and provide new insights into the mechanisms of CRC occurrence 
and development.

DNA methylation is a process of chemical modification of DNA that affects biological processes such as gene 
expression, cell differentiation and development[4-6]. In epigenetics, DNA methylation is an important marker of cellular 
genetic information and is widely applied in cancer prediction and diagnosis[7,8]. For CRC, the United States Food and 
Drug Administration currently approves SEPT9 (blood samples) and a combination of NDRG4 and BMP3 (stool samples) 
as commercially available biomarkers related to methylation[9]. In addition, APC, SFRP1, SFRP2, SDC2, MGMT, VIM and 
NDRG4 are methylation-related candidate markers of CRC[10]. Mechanistically, DNA methylation can inhibit gene 
transcription or activate gene expression, thereby affecting protein synthesis to mediate the cancer process. For instance, 
teashirt zinc finger homeobox 3 (TSHZ3) promoter methylation effectively suppresses TSHZ3 expression, which 
facilitates CRC growth and metastasis[11]. Heparanase 2 (HPSE2) is highly methylated in CRC and is associated with 
poor patient prognosis, and high methylation of HPSE2 reduces HPSE2 expression, which inhibits the p53/p21 signaling 
cascade and facilitates proliferation of CRC cells in vivo and in vitro[12]. Heat shock response (HSR), an ancient cellular 
self-protective response, helps tumor cells to survive and proliferate smoothly under the stimulation of adverse microen-
vironment, oxidative stress and other stressors[13]. Heat shock factor protein 4 (HSF4), a member of the heat shock 
transcription factor family, plays an important role in HSR by preventing abnormal protein folding and aggregation to 
maintain intracellular protein homeostasis[13,14]. HSF4 has been identified as a cancer-promoting factor in lymphoma
[15], breast cancer[16], and cervical cancer[17]. Our previous study demonstrated that HSF4 is significantly upregulated 
in CRC, which predicts poor patient prognosis, and that it promotes CRC progression by enhancing the activity of c-MET 
and downstream ERK1/2 and AKT signaling pathways[18]. Nevertheless, whether DNA methylation is involved in 
HSF4-mediated CRC progression remains to be investigated.

This study investigated the correlation between HSF4 methylation and HSF4 expression, and its prognostic and 
diagnostic value in CRC, and aimed to identify the potential molecular mechanisms associated with HSF4 methylation 
through bioinformatics analysis. The aim was to provide a theoretical basis and a novel perspective for HSF4 as a 
methylation-related biomarker for future CRC diagnosis and treatment.
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Table 1 Basic information of the dataset in this study

Web Sample source Sample type Platform Samples number

SMART TCGA_COAD Tissue Methylation 450K Normal = 34, tumor = 288

SMART TCGA_32 cancer types Tissue Methylation 450K Normal = 676, tumor = 8604

LinkedOmics TCGA_COADREAD Tissue Methylation 27K Tumor = 233

MATERIALS AND METHODS
Differential analysis of HSF4 methylation and its prognostic and diagnostic value
The Shiny Methylation Analysis Resource Tool (SMART) APP is an interactive and user-friendly web application for 
comprehensive analysis of DNA methylation in the The Cancer Genome Atlas (TCGA) project, with data from TCGA (
https://portal.gdc.cancer.gov/)[19]. The level of methylation at each CpG loci of HSF4 was assessed using the β value, 
which is the ratio of the methylation of the allele to the intensity of unmethylation, ranging from 0 to 1. In this study, we 
analyzed differences in the β values of 19 methylation probes associated with HSF4 in 33 malignancies by SMART, 
including COAD, READ, BRCA, LAML, LGG, LIHC, BLCA, CESC, CHOL, KIRP, SKCM, LUAD, ACC, DLBC, KIRC, 
PCPG, OV, ESCA GBM, STAD, UCEC, UCS, HNSC, TGCT, THCA, THYM, KICH, PRAD, SARC, LUSC, MESO, PAAD, 
and UVM. Wilcoxon rank sum test was performed for difference analysis of β values, and data was adjusted using the 
Benjamini-Hochberg method. In addition, β values of 19 HSF4-related methylation probes were analyzed differentially in 
COAD stages and their correlation with HSF4 mRNA expression based on SMART. The differential analysis of β values in 
COAD stages was performed based on ANOVA, and the correlation between β values of each probe and HSF4 mRNA 
expression was performed based on Pearson. The COAD dataset in SMART was extracted and HSF4 methylation in 
prognostic and diagnostic value of COAD was assessed by survival (https://cran.r-project.org/web/packages/survival/
index.html) and pROC[20]/timeROC[21] R packages, respectively. Kaplan-Meier survival curves, Receiver operating 
characteristic (ROC) curves and time-dependent ROC curves were visualized with the ggplot2 R package[22]. Patient 
information is shown in Table 1.

Identification of HSF4 methylation-related genes and their enrichment analysis
LinkedOmics is a publicly available portal that includes three analysis modules, LinkFinder, LinkInterpreter and 
LinkCompare, to support users in performing multi-omics analysis in cancer, with data from TCGA (https://www.
cancer.gov/ccg/ research/genome-sequencing/tcga) and Clinical Proteomic Tumor Analysis Consortium (https://
proteomics.cancer.gov/programs/cptac)[23]. In this study, genes associated with HSF4 methylation were identified at 
COAD through LinkedOmics. HSF4 methylation-associated genes were identified by Spearman and subjected to 
correction by the Benjamini-Hochberg method. Finally, HSF4 methylation-related genes were displayed by volcano plot 
and heatmap. Enrichment analysis of HSF4 methylation-related genes was performed by hypergeometric distribution 
algorithm based on Gene Ontology (GO)[24] and Kyoto Encyclopedia of Genes and Genomes (KEGG)[25] databases, and 
presented by bubble and histogram plots. The above results was visualized with the ggplot2 R package[22].

Protein-protein interaction network construction for HSF4 methylation-associated genes
The protein-protein interaction (PPI) network construction for HSF4 methylation-related genes was based on the String 
database[26], CytoScape software[27] and the MCODE plugin[28]. Briefly, HSF4 methylation-related genes obtained from 
LinkedOmics were extracted, and the interactions of these genes were predicted from the String database. The minimum 
required interaction score of the String database was set to highest confidence. The interactions were imported into 
CytoScape software (version:3.8.2) for visualization and clustering analysis of the PPI network was performed by the 
MCODE algorithm. The parameters of MCODE are degree cutoff = 2, node density cutoff = 0.1, node score cutoff = 0.2, K-
core = 2, Max depth = 100.

RESULTS
Identification of HSF4 methylation levels
HSF4 is located on chromosome 16 with 19 CpG loci, with 14 on CpG island, three on N Shore and two on S Shore 
(Figure 1). Differential analysis revealed that β values of HSF4 CpG-aggregation methylation were significantly enhanced 
in most malignancies, including COAD, and READ (Figure 1B). Similarly, the β values of each CpG site were significantly 
higher in most malignant tumors than in the corresponding paracancerous tissues (Supplementary Figure 1). It is notable 
that all CpG loci of HSF4 had significantly elevated β values in these malignancies only in COAD (Supplemen-
tary Figure 1 and Figure 2). In READ, only two probes, cg07188665 and cg09567485, exhibited no significant difference in 
β values. We analyzed the methylation levels of HSF4 CpG loci in different tumor stages. The β values of cg06277900, 
cg03811260, cg04580872, cg06621126, cg03887094 and cg09567485 probes were significantly different at various stages of 
COAD (Supplementary Figure 2). Therefore, we further explored the correlation between HSF4 methylation and HSF4 
expression. In COAD, the β values of the probes displayed a significant positive correlation with HSF4 expression, except 

https://portal.gdc.cancer.gov/
https://cran.r-project.org/web/packages/survival/index.html
https://cran.r-project.org/web/packages/survival/index.html
https://www.cancer.gov/ccg/
https://www.cancer.gov/ccg/
https://proteomics.cancer.gov/programs/cptac
https://proteomics.cancer.gov/programs/cptac
https://f6publishing.blob.core.windows.net/54e227b4-13a0-4be5-b8c0-9497800cfff8/WJGO-15-2150-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/54e227b4-13a0-4be5-b8c0-9497800cfff8/WJGO-15-2150-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/54e227b4-13a0-4be5-b8c0-9497800cfff8/WJGO-15-2150-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/54e227b4-13a0-4be5-b8c0-9497800cfff8/WJGO-15-2150-supplementary-material.pdf


Zhang WJ et al. Analysis of HSF4 methylation in CRC

WJGO https://www.wjgnet.com 2153 December 15, 2023 Volume 15 Issue 12

Figure 1 Pan-cancer analysis of heat shock factor protein 4 methylation levels. A: Schematic representation of the distribution of eat shock factor 
protein 4 (HSF4) methylated CpG loci. B: Differential analysis of the β values of 19 CpG methylation loci of HSF4 in multiple malignancies. aP < 0.05, bP < 0.01, cP < 



Zhang WJ et al. Analysis of HSF4 methylation in CRC

WJGO https://www.wjgnet.com 2154 December 15, 2023 Volume 15 Issue 12

0.001, and dP < 0.0001; ns: No significant difference.

Figure 2 Differential analysis of β values of 19 probes related to heat shock factor protein 4 methylation in colon adenocarcinoma and 
paracancerous tissues. The β values of all 19 probes were significantly increased in the tissues of colon adenocarcinoma (COAD) patients. Black is 
paracancerous tissue, and red is COAD tissue.

for cg07188665 (Figure 3). Combined with our previous findings, we believe that HSF4 promotes the CRC process at least 
through DNA methylation.

HSF4 methylation correlates poorly with CRC prognosis and diagnosis
In view of the differences in HSF4 methylation in CRC, we further analyzed the prognostic and diagnostic value of HSF4 
methylation. Kaplan-Meier curves indicated no significant difference in survival among COAD patients with high and 



Zhang WJ et al. Analysis of HSF4 methylation in CRC

WJGO https://www.wjgnet.com 2155 December 15, 2023 Volume 15 Issue 12

Figure 3 Correlation analysis of heat shock factor protein 4 expression and heat shock factor protein 4 methylation levels. The β values of 
all 19 probes exhibited a significant positive correlation with the expression of eat shock factor protein 4 (HSF4) mRNA. The x-axis is the β value of 19 probes, and y-
axis is log2 (TPM + 1) of HSF4 mRNA.

low methylation levels for each CpG loci (Figure 4). Nevertheless, most patients with hypermethylated CpG loci had 
better prognosis. The ROC curve revealed that the area under the curve (AUC) of each CpG loci ranged from 0.498 to 
0.574 in COAD patients, suggesting the mediocre diagnostic value of HSF4 methylation in COAD patients (Figure 5A). 
The time-dependent ROC curves suggested that the AUC of each CpG loci was greater with increasing time (Figure 5B). 
The above results indicated that the performance of HSF4 methylation as a prognostic and diagnostic biomarker in CRC 
was ordinary, which may have been caused by relatively low accumulation of single genes.

Identification of HSF4 methylation-related genes in CRC and their functional enrichment analysis
We analyzed the genes associated with HSF4 methylation in CRC by LinkedOmics. The expression of 1468 genes was 
positively correlated with HSF4 methylation levels, and expression of 226 genes was negatively correlated with HSF4 
methylation levels in the COAD cohort (Figure 6A). The heatmap illustrated the top 50 genes with absolute correlation 
coefficients (Figures 6B and C). To further understand the functions and pathways involved in these genes, we performed 
GO and KEGG enrichment analysis. GO identified that the proteins encoded by these genes were mainly extracellular 
matrix, and associated with processes such as positive regulation of mitogen-activated protein kinase cascade, tumor 
necrosis factor superfamily cytokine production, neutrophil mediated cytotoxicity, and chemokine activity (Figure 6D). 
KEGG enrichment revealed that HSF4 methylation-related genes were involved in pathways including chemokine 
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Figure 4 Correlation analysis of heat shock factor protein 4 methylation and prognosis of patients with colon adenocarcinoma. Kaplan 
Meier survival curves illustrating the survival of colon adenocarcinoma patients with high and low beta values for the 19 probes. The blue curve represents the cohort 
with low β values, and the red curve stands for the cohort with high β values.

signaling pathway, calcium signaling pathway, glycosphingolipid biosynthesis - lacto and neolacto series, inflammatory 
bowel disease and inflammatory bowel disease (Figure 6E). It is suggested that HSF4 methylation mediates the pheno-
typic involvement of immune, inflammatory, and metabolic reprogramming in the CRC process.

PPI network of HSF4 methylation-associated genes in CRC
To identify the hub genes in HSF4 methylation-related genes, we constructed a relevant PPI network based on the String 
database and the MCODE algorithm. The PPI network constructed for HSF4 methylation positively correlated genes 
contained 422 nodes and 702 edges, and 22 clustering networks were obtained (Figure 7A). The top 20 genes in this 
network with the highest number of edges are displayed in Figure 7B, where EGFR, RELA, STAT3, ESR1, and F2 had the 
highest number of edges. The top 10 interworking networks with clustering scores are illustrated in Figure 7C. The 
network consisting of NUP98, SUMO3, IPO8, and HSPA6 had the highest clustering score, which contained 11 nodes and 
35 edges (Figure 7C). In the same way, the network constructed for negatively associated genes contained 110 genes, 122 
interactions and five clusters (Figure 8A). The edge numbers TOP5 of FCGR3A, POLR2K, AXIN1, CCL2 and COPS5 had 
eight, seven, six, five and five edges, respectively (Figure 8B). The five clustering networks composed of genes and 
interactions are shown in Figure 8C. It is suggested that these genes are involved in HSF4 methylation mediation of the 
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Figure 5 Correlation analysis of heat shock factor protein 4 methylation and diagnosis in patients with colonic adenocarcinoma. A: 
Receiver operating characteristic (ROC) curves exhibiting the diagnostic value of 19 heat shock factor protein 4 (HSF4) methylation-associated probes in colon 
adenocarcinoma patients. B: Time-dependent ROC curves displaying the area under the curve of HSF4 methylation at 1, 3 and 5 years. AUC: Area under the curve; 
TPR: True positive rate; FPR: False positive rate.
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Figure 6 Identification of heat shock factor protein 4 methylation-related genes and their enrichment analysis in colorectal cancer. A: 
Volcano plot showing genes positively and negatively associated with heat shock factor protein 4 (HSF4) methylation in colorectal cancer. B, C: Expression profiles of 
the top 50 genes ranked by absolute correlation coefficient of HSF4 methylation-related genes. B is the expression profile of genes positively associated with HSF4 
methylation; C is the expression profile of genes negatively associated with HSF4 methylation. D: Bubble plots exhibiting the GO enrichment results of all HSF4 
methylation-related genes. E: Possible pathways involved in HSF4 methylation-related genes obtained by Kyoto Encyclopedia of Genes and Genomes enrichment 
analysis. HSF4: Heat shock factor protein 4; BP: Biological process; CC: Cell component; MF: Molecular function; PD-L1: Programmed cell death-Ligand 1; PD-1: 
Programmed death 1; IL-17: Interleukin-17.

CRC process.

DISCUSSION
CRC is the second leading cause of cancer-related deaths worldwide. CRC is the outcome of progressive accumulation of 
a series of mutations and epigenetic changes in the rectum, cecum, and colon, leading to the development of colorectal 
adenoma and invasive adenocarcinoma. DNA methylation, one of the major epigenetic modifications, has been partially 
identified as a commercial diagnostic and prognostic biomarker for CRC. We have previously identified HSF4 as an 
oncogenic gene in CRC[18]. Therefore, we tapped the diagnostic and prognostic value of HSF4 and its possible molecular 
mechanisms in CRC. Unfortunately, HSF4, like most single-gene markers[29-32], has a mediocre diagnostic and 
prognostic value for its methylation levels in CRC. As in previous studies[29-32], this may be due to the small sample size 
analyzed or the insufficient accumulation of single gene methylation. Therefore, we analyzed the role of HSF4 
methylation in CRC at the molecular mechanism level. It is noteworthy that we identified 1694 genes associated with 
HSF4 methylation, and their possible involvement in immune, inflammatory, and metabolic reprogramming. In addition, 
the constructed PPI network demonstrated that EGFR, RELA, STAT3, ESR1, FCGR3A, AXIN1, CCL2, and COPS5 are hub 
genes among HSF4 methylation-related genes.

Most of these hub genes have been demonstrated to be involved in the CRC process and have been applied as 
therapies for CRC. For instance, EGFR is a transmembrane receptor that plays a regulatory role in tumor cell function by 
binding to EGFs, promoting cell proliferation, differentiation, and survival[33]. Currently, monoclonal antibodies against 
EGFR, such as cetuximab or panitumumab, are utilized in the clinical treatment of patients with metastatic CRC[34,35]. 
RELA, also known as p65 or nuclear factor (NF)-κB p65, is known to be a key transcription factor in tumors, and it 
mediates immune and inflammatory responses to facilitate cancer cell survival and metastasis, which leads to it being a 
key target in tumor therapy[36,37]. Similarly, FCGR3A belongs to the Fc γ receptor family, which is mainly expressed on 
the surface of natural killer cells, monocytes, and macrophages and plays an important role in antibody-mediated 
immune responses[38]. Polymorphisms in FCGR3A are associated with progression-free survival in patients with 
metastatic CRC treated with cetuximab[39,40]. COPS5, also known as CSN5 or JAB1, is one of the constituent proteins of 
the COP9 signalosome, is a nuclear-plasmid transmembrane protein with multiple functions, and is involved in the 
regulation of various cellular processes such as cell proliferation, differentiation, apoptosis, and DNA replication and 
repair[41]. It has been demonstrated that COPS5 plays a role as a pro-cancer factor in CRC by regulating Wnt and PI14K/
AKT pathways[42-44]. Some of these hub genes have also been proven to be related to HSF family proteins. For example, 
HSR-induced activation of HSP1 is regulated by the NF-κB, which activates transcription of HSPA1A[45]. In turn, HSP1 
inhibits the activation of NF-κB pathway[46,47]. Stephanou and Latchman[48] showed that the activation of STAT3 alone 
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Figure 7 Protein-protein interaction network construction of heat shock factor protein 4 methylation positively associated genes. A: 
Protein-protein interaction (PPI) network of heat shock factor protein 4 methylation positively related genes constructed based on String database and MCODE 
algorithm. B: Top 20 genes in PPI network in terms of edge number. C: The top 10 clustering networks in terms of clustering scores obtained by the MCODE 
algorithm.

facilitates the mobilization of the HSP promoter. Nevertheless, whether HSF4 methylation-mediated alterations in HSF4 
expression are crosstalk with these hub genes in CRC remains to be further investigated.

Unfortunately, there were some limitations to this study. For instance, the sample size was small, and a larger sample 
might reveal satisfactory diagnostic and prognostic values[49,50]. Exploring the correlation between HSF4 methylation 
and CRC subtypes or HSF4-related gene methylation combinations may improve the value of HSF4 in CRC[9,49]. It is 
essential to verify HSF4 methylation in CRC tissues by methylation sequencing or microarrays, which could support the 
findings of this study[51]. Although we demonstrated that HSF4 methylation levels exhibited a positive correlation with 
HSF4 mRNA expression, in vivo and in vitro experiments are lacking for validation. In the same way, the molecular 
mechanisms associated with HSF4 methylation remain to be explored in vivo and in vitro. The tumor immune microenvir-
onment (TME) consists of immune cells, blood vessels, and extracellular matrix, and has a dual role in the growth and 
metastasis of tumor cells[52,53]. HSF family proteins, especially HSF1, have been demonstrated to mediate tumor cell 
associated immune responses in the TME[54,55]. This predicts that the function of HSF4 in CRC-associated TME is also 
worthy of investigation.

CONCLUSION
In conclusion, this study reveals that HSF4 is highly methylated in CRC and is associated with HSF4 overexpression. 
Although HSF4 methylation has poor diagnostic and prognostic value, it may be involved in the CRC process by 
mediating expression of HSF4 or related genes with potential mechanisms. Combined with our previously described 
findings[18], the present study believes that high expression of HSF4 mRNA and protein and its oncogenic effects are 
most probably due to HSF4 methylation (Figure 9). Specific mechanisms need to be confirmed by more in vivo and in vitro 
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Figure 8 Protein-protein interaction network construction of heat shock factor protein 4 methylation negatively associated genes. A: 
Representative images of the protein-protein interaction (PPI) network of heat shock factor protein 4 methylation negatively associated genes. B: The bar chart 
displaying edge number of each gene in the PPI network. C: Gene composition and interactions of clustering networks obtained by the MCODE algorithm.

Figure 9 Diagrammatic representation of this study. CRC: Colorectal cancer; HSF4: Heat shock factor protein 4.

experiments.

ARTICLE HIGHLIGHTS
Research background
DNA methylation is involved in the regulation of gene expression and has been implicated in development and outcome 
of colorectal cancer (CRC).

Research motivation
We previously demonstrated that heat shock factor protein 4 (HSF4) expression is abnormally high, and contributes to the 
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malignant biological behavior of CRC in vivo and in vitro. However, the correlation of HSF4 methylation with HSF4 
expression and prognosis of CRC patients, and other potential molecular mechanisms need to be further investigated.

Research objectives
The present study was proposed to investigate the correlation between HSF4 methylation and CRC risk, and to uncover 
the underlying molecular mechanisms.

Research methods
Identification of HSF4 methylation sites, and analysis of the differences in β values of HSF4 methylation sites and their 
correlation with HSF4 mRNA expression were performed using Shiny Methylation Analysis Resource Tool Web. The 
genes associated with HSF4 methylation were identified by LinkedOmics Web for CRC, and Gene Ontology and Kyoto 
Encyclopedia of Genes and Genomes enrichment analyses were performed to reveal the functions and signaling that 
these associated genes may be involved in. The String database and MCODE algorithm were performed to construct 
protein-protein interaction (PPI) networks of HSF4 methylation-related genes.

Research results
The HSF4 gene had 19 CpG methylation sites, and their β-values were significantly higher in CRC tissues, positively 
correlating with HSF4 mRNA expression. The β value of the HSF4 methylation site was not associated with the prognosis 
of CRC patients. Notably, there are 1694 genes in CRC tissues whose expression is associated with HSF4 methylation and 
which are involved in immune, inflammatory, and metabolic reprogramming. EGFR, STAT3 and AXIN1 are hub genes in 
the PPI network constructed by these HSF4 methylation-related genes.

Research conclusions
The HSF4 gene is highly methylated in CRC, and is associated with the overexpression of HSF4 mRNA. HSF4 
methylation may be involved in the process of CRC by mediating the expression of HSF4 or related genes.

Research perspectives
The finding will provide a theoretical basis and a new perspective on HSF4 as a methylation-related biomarker for future 
CRC diagnosis and treatment.
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Abstract
BACKGROUND 
Gastroesophageal reflux disease (GERD) affects approximately 13% of the global 
population. However, the pathogenesis of GERD has not been fully elucidated. 
The development of metabolomics as a branch of systems biology in recent years 
has opened up new avenues for the investigation of disease processes. As a po-
werful statistical tool, Mendelian randomization (MR) is widely used to explore 
the causal relationship between exposure and outcome.

AIM 
To analyze of the relationship between 486 blood metabolites and GERD.

METHODS 
Two-sample MR analysis was used to assess the causal relationship between 
blood metabolites and GERD. A genome-wide association study (GWAS) of 486 
metabolites was the exposure, and two different GWAS datasets of GERD were 
used as endpoints for the base analysis and replication and meta-analysis. Bon-
ferroni correction is used to determine causal correlation features (P < 1.03 × 10-4). 
The results were subjected to sensitivity analysis to assess heterogeneity and 
pleiotropy. Using the MR Steiger filtration method to detect whether there is a 
reverse causal relationship between metabolites and GERD. In addition, metabolic 
pathway analysis was conducted using the online database based MetaboAnalyst 
5.0 software.

RESULTS 
In MR analysis, four blood metabolites are negatively correlated with GERD: 
Levulinate (4-oxovalerate), stearate (18:0), adrenate (22:4n6) and p-acetam-
idophenylglucuronide. However, we also found a positive correlation between 
four blood metabolites and GERD: Kynurenine, 1-linoleoylglycerophosphoethan-

https://www.f6publishing.com
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olamine, butyrylcarnitine and guanosine. And bonferroni correction showed that butyrylcarnitine (odd ratio 1.10, 
95% confidence interval: 1.05-1.16, P = 7.71 × 10-5) was the most reliable causal metabolite. In addition, one 
significant pathways, the “glycerophospholipid metabolism” pathway, can be involved in the pathogenesis of 
GERD.

CONCLUSION 
Our study found through the integration of genomics and metabolomics that butyrylcarnitine may be a potential 
biomarker for GERD, which will help further elucidate the pathogenesis of GERD and better guide its treatment. At 
the same time, this also contributes to early screening and prevention of GERD. However, the results of this study 
require further confirmation from both basic and clinical real-world studies.

Key Words: Blood metabolites; Gastroesophageal reflux disease; Mendelian randomization; Causality; Pathogenesis; 
Biomarkers; Metabolic pathway

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: At present, there is no study on blood metabolomics of gastroesophageal reflux disease (GERD). This may be the 
first study combining metabolomics and genomics to explore the causal relationship between serum metabolites and GERD. 
We found that there was a significant correlation between eight metabolites and GERD, among which butyrylcarnitine was 
the most reliable pathogenic metabolite (odd ratio 1.10, 95% confidence interval: 1.05-1.16). Glycerophospholipid 
metabolism may be involved in the pathogenesis of GERD. The results provide a reference direction for the early screening, 
prevention and treatment of GERD and the design of future clinical research.

Citation: Hu JY, Lv M, Zhang KL, Qiao XY, Wang YX, Wang FY. Evaluating the causal relationship between human blood 
metabolites and gastroesophageal reflux disease. World J Gastrointest Oncol 2023; 15(12): 2169-2184
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2169.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2169

INTRODUCTION
Gastroesophageal reflux disease (GERD) refers to a disease in which gastric contents reflux into the esophagus, causing 
corresponding esophageal symptoms and/or complications. This condition affects approximately 13% of the global 
population[1]. GERD is not life-threatening, but it impairs patients' quality of life and increases the risk of other 
esophageal complications such as esophagitis, Barrett's esophagus (BE), and esophageal adenocarcinoma[2]. Previous 
epidemiological studies have identified several possible risk factors for GERD, including smoking, alcohol consumption 
and diabetes[3-5], which have played a role in the prevention of GERD. However, there are no studies on the blood 
metabolomics of GERD.

The development of metabolomics as a branch of systems biology in recent years has opened up new avenues for the 
investigation of disease processes. By identifying altered metabolites or metabolic pathways, metabolomics can spe-
cifically shed light on the molecular causes of disease[6]. Unlike genomics, transcriptomics or proteomics, metabolomics 
describes the concentration and flux of low molecular metabolites present in biological fluids or tissues[7]. It allows a 
global assessment of the cellular state in a real environment, taking into account gene expression, genetic regulation, 
changes in the kinetic activity and regulation of enzymes, and changes in metabolic responses[8]. Due to metabolic fluctu-
ations downstream of changes in DNA, RNA, and protein levels, metabolomics provides a sensitive and comprehensive 
interpretation of biological systems. Metabolomics has now been widely used to characterize specific metabolic 
phenotypes associated with digestive diseases and has identified many metabolites[9-11]. To our knowledge, there are no 
thorough investigations that systematically examine the causative association between blood metabolites and GERD, 
although Liu et al[12] described 23 metabolic abnormalities related to GERD. Based on the information currently 
available, it is not possible to identify the metabolite profile that contributes to the development of GERD due to the 
inherent limitations of traditional observational research.

As a powerful statistical tool, Mendelian randomization (MR) is widely used to explore the causal relationship between 
exposure and outcome[13]. In particular, MR was able to circumvent the drawbacks of randomized controlled expe-
riments by choosing exposure-related single nucleotide polymorphisms (SNPs) as instrumental variables (IVs)[14]. 
Because genetic variants are randomly assigned during meiosis, MR was able to largely avoid confounding factors by 
using this alternative to IVs that mimic randomized controlled trials[15]. In addition, genotype formation occurs before 
the onset of the disease and is usually not affected by disease progression. Thus, reverse causality is unlikely. In this 
study, we used MR analysis to thoroughly investigate the causal relationships between 486 blood metabolites and GERD 
using data from a genome-wide association study (GWAS). Additionally, we identified the metabolic pathways that 
cause GERD. In addition to advancing our understanding of the pathophysiological mechanisms underlying GERD, the 
integration of metabolomics and genomics offers fresh perspectives on the early detection and management of the 
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disease.

MATERIALS AND METHODS
Study design
An effective MR study should follow three assumptions: (1) IVs are closely related to exposure factors; (2) IVs are not 
related to confounding factors; and (3) IVs are not related to outcomes and affect outcome only via exposures[16]. Two 
independent GWAS alliances give the genetic information of GERD, subjected to preliminary and replication analyses, 
followed by meta-analysis .The overview of the study is showed in Figure 1.

GWAS data for 486 blood metabolites and GERD
Genetic data for blood metabolites were obtained from the Metabolomics GWAS server (https://metabolomics.
helmholtz-muenchen.de/gwas/). Shin et al[17] identified nearly 2.1 million SNPs of 486 metabolites related to human 
genetic variation through genome-wide association scanning and high-throughput metabolic analysis. Of the 486 
metabolites, 107 are defined as unknown because their chemical properties are still unclear. Another 309 metabolites were 
chemically identified and assigned to eight broad metabolomes, including amino acid, carbohydrate, cofactors and 
vitamin, energy, lipid, nucleotide, peptide, and xenobiotic metabolism. The detailed names of 486 metabolites are shown 
in Supplementary Table 1, among which the chemical properties of the metabolites named X - are unknown.

Download GERD's GWAS summary data from IEU (https://gwas.mrcieu.ac.uk/). The GWAS directory login number 
is ebi-a-GCST9000514. Specifically, GWAS data containing 2320781 SNPs were obtained from a previous GERD-related 
GWAS study conducted by Ong et al[18] and colleagues with a total sample size of 602604 Europeans containing 129080 
cases and 473524 controls. The above GWAS data were used for the preliminary analysis of GERD. To validate our results 
by conducting replication analysis and meta-analysis, we repeated the MR analysis using the GERD data (54854 GERD 
patients and 401473 healthy controls) published by Wu et al[19]. This data is publicly available on the website: https://
cnsgenomics.com/content/data.

Instruments selection
We performed a series of steps to select eligible genetic variants associated with metabolites. Given the small number of 
metabolite-related SNPs, we relaxed the significance threshold of P < 1 × 10-5 to select metabolite-related SNPs. We then 
clumped SNPs by removing linkage disequilibrium (R2 > 0.1 and within 500kb). This criterion has been widely applied in 
previous studies[20-22]. To satisfy hypothesis (3), we removed the SNPs associated with the results in the IVs (P < 1 × 
10-5). We eliminate bias caused by weak IVs by calculating the R2 and F statistics for each SNP to measure statistical 
strength. SNPs with F < 10 were defined as weak genetic variants and were deleted. We further coordinated the SNPs of 
exposure and outcome, and removed the SNPs with palindromic effects and allele discordance (e.g. A/G vs A/C). Then, 
the final results were subjected to MR analysis.

Statistical analysis and sensitivity analysis
The causal relationship between blood metabolites and GERD was mainly assessed based on the results of random-effect 
inverse variance weighted (IVW). IVW is based on the hypothesis that there is no horizontal pleiotropy for all SNPs and 
the results from the pooled analysis of Walden ratios for all genetic variants, under the premise that IVW provides the 
most accurate assessment of causal effects[23]. Therefore, we used IVW-based estimates to initially screen for blood 
metabolites that have a causal effect on GERD. To obtain more reliable results, we used two additional methods to further 
evaluate metabolites with significant estimates (IVW derived P < 0.05). The MR-Egger and weighted median (WM) 
methods are used as complementary analyses. These two methods can provide more robust estimates under the relaxed. 
WM assumes that at least half of the tools are valid[24] and MR-Egger provides horizontal pleiotropy and heterogeneity 
detection in the presence of horizontal pleiotropy for all SNPs[25]. When consistent with the InSide hypothesis (IVs 
intensity independent of direct effects), MR-Egger regression can provide unbiased estimates[26].

For the initially determined significant estimates (IVW P < 0.05), sensitivity analysis will be performed to assess any 
deviation from the MR hypothesis. Horizontal pleiotropy was observed when IVs affected the results through other 
pathways than exposure. Horizontal pleiotropy was assessed based on the Egger intercept. Cochran Q test was used to 
test for the presence of heterogeneity,. Heterogeneity was considered to exist when P < 0.05, I2 > 25%[27]. For data with 
significant associations, Radial MR was used to identify heterogeneous values, and MR analysis was repeated after 
eliminating heterogeneous SNPs to obtain more accurate results[28]. Finally, we used MR-PRESSO to check again for the 
presence of heterogeneous SNPs[29]. We used leave-one-out (LOO) analysis to ensure the robustness of the results. By 
discarding each SNP in turn and then performing MR analysis to assess whether the results are heavily influenced by a 
single SNP.

In conclusion, we rigorously screened blood metabolites with potential causal relationship with GERD by multiple 
criteria: (1) Significant P-values for preliminary analysis (IVW derived P < 0.05); (2) The direction and amplitude of the 
three MR methods were consistent; (3) There was no heterogeneity or level pleiotropy in Mr results; and (4) MR estimates 
are not significantly confounded by individual SNPs.

Replication and metaanalysis
To fully assess the robustness of candidate metabolites identified based on the above criteria, we repeated the IVW 

https://metabolomics.helmholtz-muenchen.de/gwas/
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Figure 1 Overview of this Mendelian randomization analysis. Assumption 1, genetic instruments are strongly associated with the exposures of interest; 
Assumption 2, genetic instruments are independent of confounding factors; Assumption 3, genetic instruments are not associated with outcome and affect outcome 
only via exposures. IVW: Inverse variance weighted; LD: Linkage disequilibrium; LOO analysis: Leave-one-out analysis; MR-PRESSO: MR-Pleiotropy RESidual sum 
and outlier; SNPs: Single nucleotide polymorphisms; WM: Weighted median; BMI: Body mass index; T2DM: Type 2 diabetes mellitus.

analysis in another GERD cohort. In brief, the data from IEU with code ebi-a-GCST90000514 was used for the preliminary 
analysis and the data with the title GORD_summary was used for the replication analysis. Meta-analyses were based on a 
random-effects IVW model and performed on Review Manager 5.4 software.

Evaluation of genetic directionality
We verified whether the observed causality was biased by reversal of causality using the Steiger test[30]. Using the 
Steiger test, we determined whether the included SNPs explained the variability of GERD better than the detected 
metabolites. When the combination of SNPs was found to contribute more to the genetic risk of GERD than metabolites 
(Steiger P > 0.05), it indicated that the direction of causal inference may be biased.

Confounding analysis
Although we evaluated the horizontal pleiotropy of Mr results through a series of sensitivity analyses to detect any SNPs 
that violated the MR hypothesis, there may also be a small number of residual confounding SNPs. Therefore, we 
examined the IVs of metabolites on the Phenoscanner V2 website (http://www.phenoscanner.medschl.cam.ac.uk/) to 
assess whether each SNP was associated with known risk factors for GERD, such as smoking, alcohol consumption, type 
2 diabetes, and body mass index (BMI). If any SNP was observed to be associated with the above confounding factors (P < 
1 × 10−5), then MR analysis was repeated after removing these SNPs to verify the reliability of the results.

Metabolic pathway analysis
To clarify the biological mechanisms underlying the effects of blood metabolites on GERD, we further performed 
metabolic pathway analysis using MetaboAnalyst 5.0 (https://www.metaboanalyst.ca/)[29] to explore the potential 
pathogenesis of GERD.

RESULTS
Preliminary analysis
After strict control of the quality of IVs, SNPs of 25 metabolites were obtained. Filtered IVs contain 5 to 162 SNPs (X-11452 
consists of 5 SNPs, while tryptophan sulfate consists of 162 SNPs). All metabolite-related SNPs had F-statistics greater 
than 10, which shows the strong power of the IVs. Supplementary Table 2 displays the specific IV data. Prior to MR 
analysis, radial MR locates and eliminates all outliers (Supplementary Table 3). IVW analysis initially identified 25 
metabolites with a potential causal relationship with GERD, including 17 metabolites with known chemical identity and 8 

http://www.phenoscanner.medschl.cam.ac.uk/
https://www.metaboanalyst.ca/
https://f6publishing.blob.core.windows.net/14b0bc7a-cf4b-4fb0-ae55-5da5f5c3d58d/WJGO-15-2169-supplementary-material.pdf
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metabolites with unknown chemical identity. These 17 known metabolites include amino acids, cofactors, vitamins, 
lipids, nucleotides, and xenobiotic metabolism factors (Figure 2). Among the 17 known metabolic traits, butyrylcarnitine 
was significantly associated with GERD after Bonferroni correction. Twenty-one metabolites that passed the strict 
screening requirements were used for the follow-up analysis by sensitivity analysis (Figure 3). In short, the MR estimates 
derived from WM and MR–Egger regression presented consistent directions and amplitudes, supporting the robustness 
of causality (Table 1). P values and I2 associated with Cochran Q indicated that no heterogeneity was found. In addition, 
the MR-Egger intercept term indicated a low risk of horizontal pleiotropy (Table 1). The LOO analysis did not find any 
high-impact SNPs biasing the pooled effect estimates (Supplementary Figure 1), and 21 metabolites that met the above 
criteria were included in the next study.

Replication and meta-analysis
The meta-analysis further identified 14 metabolites (8 known and 6 unknown) that could affect GERD (Figure 4). In 
detail, levulinate (4-oxovalerate) [odd ratio (OR) 0.80, 95% confidence interval (CI): 0.72-0.89, P < 0.0001], stearate (18:0) 
(OR 0.77, 95%CI: 0.64-0.92, P = 0.004), adrenate (22:4n6) (OR 0.83, 95%CI: 0.74-0.94, P = 0.004), p-acetamidophenyl-
glucuronide (OR 0.99, 95%CI: 0.99-1.00, P = 0.0002), X-11247 (OR 0.92, 95%CI: 0.88-0.96, P = 0.0006), X-12786 (OR 0.90, 
95%CI: 0.82-0.98, P = 0.01) decreased risk of GERD, while kynurenine (OR 1.20, 95%CI: 1.07-1.35, P = 0.002), 1-
linoleoylglycerophosphoethanolamine (OR 1.17, 95%CI: 1.05-1.31, P = 0.004), butyrylcarnitine (OR 1.09, 95%CI: 1.05-1.13, 
P < 0.0001), guanosine (OR 1.10, 95%CI: 1.03-1.18, P = 0.003), X-09108 (OR 1.40, 95%CI: 1.13-1.74, P = 0.002), X-11452 (OR 
1.14, 95%CI: 1.02-1.29, P = 0.03), X-12063 (OR 1.07, 95%CI: 1.03-1.11, P = 0.0008), and X-12456 (OR 1.12, 95%CI: 1.06-1.19, P 
= 0.0001) increased susceptibility to GERD.

Genetic basis for the causal association
We further investigated genetic variants affecting metabolite levels and GERD. The 39 SNPs of IVs for butyrylcarnitine 
are shown in Table 2. Among them, rs4767937 showed a strong correlation with butyrylcarnitine (β = 0.1052; SE = 0.0035, 
P = 1.00 × 10-200). Notably, it had the strongest association with GERD (β = 0.0142; SE = 0.0048, P = 0.0032). The effect of 
this SNP on butyrylcarnitine and GERD suggests that the relevant genetic loci may provide valuable information for the 
biological mechanism of GERD, and butyrylcarnitine may be an important functional mediator of the biological processes 
affecting GERD.

Direction validation
We performed the Steiger test to verify the direction of the effect from metabolites to GERD. The Steiger P value indicates 
that the identified causality is not biased by reverse causality. The results are shown in Supplementary Table 4.

Confounding analysis
We used Phenoscanner to examine all SNPs associated with the metabolites that were positive on initial screening (IVW < 
0.05) (including glycine, N-acetylglycine, and 1-palmitoylglycerol (1 monopalmitin)) to test the validity of Hypothesis 2 
(IVs are independent of confounders). The data were disregarded since the exclusion of glycine and N-acetylglycine was 
meaningless because rs715 was related to BMI and rs1260326 in 1-palmitoylglycerol (1-monopalmitin) was connected 
with alcohol use. Supplementary Table 5 displays the findings for the remaining 25 metabolites. In total, 14 SNPs were 
found to be associated with common GERD risk variables; however, even after eliminating these SNPs, the estimates 
were still significant. Two well-known metabolites, adrenate (22:4n6) and 1-linoylglycerophosphoethanolamine*, were 
unaffected by any confounding factors.

Metabolic pathway analysis
Unfortunately, we only found 1 metabolic pathway that may be involved in the etiology of GERD (Supplemen-
tary Table 6), despite the existence of 8 recognized metabolites. One possible metabolic pathway in the pathophysiology 
of GERD is the glycerolipid metabolism pathway, which includes 1-linoleoylglycerophosphoethanolamine. Many of the 
metabolites that we discovered have also not yet been attributed to any of the metabolic pathways that are already listed 
in the kyoto encyclopedia of genes and genomes databases or The Small Molecule Pathway databases. Therefore, further 
research is needed to explore whether these metabolites are involved in the biological processes related to GERD 
occurrence.

DISCUSSION
In this study, we integrated two large-scale GWAS datasets to explore the causal effects of 486 blood metabolites on 
GERD through a rigorous MR design. Our study found 14 blood metabolites associated with GERD, among which 
butyrylcarnitine showed a significant positive correlation with GERD. This relationship is not affected by confounding 
factors such as smoking, alcohol consumption, BMI, and can be well replicated using samples from other data sources. In 
addition, we identified a metabolic pathway that may be involved in the biological mechanisms of GERD. This may be 
the first study to explore the causal relationship between serum metabolites and GERD by combining metabolomics and 
genomics. Given the unclear pathogenesis of GERD and the lack of blood metabolomics research related to GERD, this 
study is of great significance.
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Table 1 Supplementary and sensitivity analyses for causality from blood metabolites on gastroesophageal reflux disease

MR analysis Heterogeneity Pleiotropy
Metabolites n

Method OR (95%CI) P value Q P value Intercept P value

Amino acid

Tryptophan 162 ME 0.72 (0.37-1.40) 0.34 160 0.58 0.002 0.07

WM 1.42 (1.11-1.82) 0.006

Kynurenine 33 ME 1.19 (0.78-1.81) 0.44 31 0.88 0.002 0.96

WM 1.16 (0.90-1.48) 0.24

Levulinate (4-oxovalerate) 52 ME 0.96 (0.73-1.27) 0.80 50 0.94 0.002 0.15

WM 0.86 (0.67-1.09) 0.20

Indoleacetate 16 ME 0.79 (0.60-1.05) 0.13 14 0.74 0.003 0.72

WM 0.83 (0.67-1.04) 0.11

Cofactors and Vitamin

Ascorbate (Vitamin C) 12 ME 1.06 (0.89-1.25) 0.54 10 0.48 0.006 0.94

WM 1.05 (0.98-1.13) 0.17

Lipid

Stearate (18:0) 31 ME 0.82 (0.51-1.32) 0.43 29 0.49 0.003 0.51

WM 0.78 (0.60-1.01) 0.06

1-linoleoylglycerophosphoethanolamine 13 ME 1.16 (0.80-1.68) 0.44 11 0.85 0.004 0.99

WM 1.24 (1.03-1.50) 0.03

1-stearoylglycerol (1-monostearin) 20 ME 1.42 (0.62-3.25) 0.42 18 0.49 0.006 0.90

WM 1.16 (0.90-1.50) 0.25

1-palmitoylglycerol  (1-monopalmitin) 11 ME 0.88 (0.48-1.60) 0.68 9 0.89 0.005 0.27

WM 1.09 (0.83-1.43) 0.54

7-alpha-hydroxy-3-oxo-4-cholestenoate (7-Hoca) 11 ME 1.12 (0.52-2.41) 0.78 9 0.36 0.006 0.23

WM 0.70 (0.48-1.01) 0.06

Butyrylcarnitine 39 ME 1.06 (0.99-1.15) 0.11 37 0.30 0.002 0.26

WM 1.07 (1.00-1.14) 0.04

2-palmitoylglycerophosphocholine* 21 ME 0.91 (0.72-1.14) 0.41 19 0.76 0.002 0.50

WM 0.97 (0.79-1.20) 0.80

10-nonadecenoate  (19:1n9) 7 ME 0.95 (0.60-1.50) 0.83 5 0.52 0.006 0.19

WM 1.27 (1.00-1.61) 0.05

1-stearoylglycerophosphocholine 9 ME 1.55 (0.85-2.83) 0.20 7 0.87 0.006 0.53

WM 1.30 (1.01-1.67) 0.04

Adrenate (22:4n6) 11 ME 0.75 (0.50-1.12) 0.19 9 0.20 0.005 0.66

WM 0.74 (0.60-0.91) 0.004

Nucleotide

Guanosine 11 ME 1.31 (1.06-1.64) 0.04 9 0.99 0.005 0.16

WM 1.16 (1.05-1.29) 0.005

Xenobiotics

p-acetamidophenylglucuronide 32 ME 1.00 (0.99-1.00) 0.41 30 0.25 0.004 0.60

WM 1.00 (0.99-1.00) 0.75

Unknow
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X-09108 9 ME 1.31 (0.72-2.37) 0.41 7 0.71 0.005 0.61

WM 1.31 (0.89-1.93) 0.17

X-11247 18 ME 0.92 (0.78-1.10) 0.37 16 0.68 0.004 0.82

WM 0.91 (0.83-0.99) 0.03

X-11452 5 ME 1.02 (0.67-1.56) 0.93 3 0.45 0.008 0.58

WM 1.15 (0.97-1.36) 0.10

X-11787 33 ME 0.84 (0.64-1.12) 0.25 31 0.94 0.002 0.84

WM 0.89 (0.72-1.11) 0.31

X-12007 18 ME 1.10 (1.03-1.17) 0.01 16 0.68 0.003 0.39

WM 1.07 (1.01-1.13) 0.02

X-12063 21 ME 1.06 (0.98-1.16) 0.16

WM 1.10 (1.03-1.17) 0.004 19 0.30 0.002 0.60

X-12456 21 ME 1.26 (1.07-1.49) 0.01 19 0.86 0.003 0.09

WM 1.10 (0.99-1.22) 0.07

X-12786 12 ME 0.95 (0.78-1.14) 0.58 10 0.87 0.003 0.48

WM 0.91 (0.80-1.05) 0.20

MR: Mendelian randomization; ME: MR-egger; WM: Weighted median; CI: Confidence interval; OR: Odd ratio.

The onset of GERD mainly consists of two mechanisms: the invasion of reflux and the destruction of the anti-reflux 
barrier at the esophageal junction. Usually, the anti reflux defense mechanism of the esophagus is in balance with the 
erosive effect of reflux substances on the esophageal mucosa. When the person's defense mechanism decreases or the 
damaging effect increases, the balance is disrupted, which may lead to the occurrence of GERD[31]. At present, the 
exploration of the pathogenesis of GERD is still at the macro level, and multiple studies suggest that abnormal eso-
phageal sphincter function, esophageal hiatal hernia, and esophageal motility disorders play important roles[32-34]. 
However, the specific mechanism by which esophageal hiatal hernia participates in GERD is unclear, and a series of 
issues such as the causal relationship between esophageal peristaltic dysfunction and GERD and whether it is involved in 
the occurrence of esophagitis, remain poorly understood[35]. Therefore, more research is needed to help better elucidate 
the pathogenesis of GERD. Twenty-four-hour pH impedance monitoring, gastrointestinal endoscopy, and PPI testing are 
the gold standards for the clinical diagnosis and treatment of GERD, but the first two diagnostic methods are invasive 
and may cause a series of adverse reactions, such as headache and nausea. Therefore, there is an urgent need for accurate 
and effective biomarkers for the clinical diagnosis and early prevention of GERD. Metabolomics technology reveals the 
changes that have occurred in the body, serving as a bridge between genotype and phenotype, enabling researchers to 
understand diseases from a microscopic perspective. It is worth noting that blood metabolites reflect both endogenous 
and exogenous processes of disease occurrence[36]. For example, Matthew's study found differences in serum metabolites 
among GERD, BE, and high grade dysplasia/esophageadicarcinoma (EA) patients that could help distinguish patients at 
different stages of EA progression[37]. At present, there is still a significant lack of blood metabolomics research on 
GERD. Therefore, we conducted a key MR study to clarify the causal relationship between blood metabolites and GERD 
and the metabolic pathways involved, thus providing reference directions for further elucidating the pathogenesis of 
GERD and early screening and treatment.

A key clinical contribution of this study is the discovery of biomarkers. Our study supports a positive correlation 
between butyrylcarnitine and the risk of GERD from a causal perspective by combining genetics and metabolomics. 
Butyrylcarnitine belongs to the acyl carnitine group, which is composed of incomplete fatty acids β prooxidant 
compounds produced by oxidation. At present, there are no reports on the relationship between butyrylcarnitine and 
GERD, and we cannot accurately explain this relationship either. However, the carnitine shuttle pathway carries long-
chain fatty acids from the cytoplasm to the mitochondria for later βoxidation, which necessitates acetyl-CoA and results 
in the esterification of L-carnitine to produce acyl carnitine derivatives[38]. The disturbance of the carnitine shuttle may 
lead to impaired mitochondrial function, which may reduce the ability of cells to process reactive oxygen species and 
increase the levels of inflammatory cytokines, leading to increased cell dysfunction and cell death[39]. This change may 
trigger GERD. On the other hand, weakened antioxidant capacity leads to a poor ability to prevent esophageal mucosal 
damage, which can also increase the severity of GERD[40,41]. Second, butyrylcarnitine is closely related to common 
GERD risk factors such as diabetes, obesity, anxiety and depression and other mental diseases. Studies have shown that 
butyrylcarnitine is involved in diet-induced insulin resistance, which in turn is related to the oxidation rate of fatty acids 
exceeding that of tricarboxylic acids and respiratory chains, leading to the accumulation of FAO intermediates such as 
acyl carnitine in mitochondria, and abnormal insulin signaling[42]. This indicates that butyryl carnitine plays an 
important role in the occurrence and development of diabetes. In addition, previous studies have found a positive 



Hu JY et al. Blood metabolites and GERD

WJGO https://www.wjgnet.com 2176 December 15, 2023 Volume 15 Issue 12

Table 2 Genetic predictors of butyrylcarnitine and their association with GERD

Butyrylcarnitine GERD
SNP Gene CHR A1 A2

Beta SE P value Beta SE P value

rs10849832 OASL 12 C T 0.0499 0.0067 1.06E-13 0.0106 0.0083 0.2040 

rs10849846 P2RX7 12 C T 0.0511 0.0097 1.34E-07 0.0079 0.0115 0.4916 

rs11065202 CABP1 12 C T -0.1297 0.004 1.00E-200 -0.0087 0.0049 0.0751 

rs11065208 MLEC 12 A G -0.0683 0.0106 1.17E-10 -0.0075 0.0134 0.5745 

rs11065270 SPPL3 12 C T 0.0603 0.0069 1.65E-18 0.0198 0.0091 0.0298 

rs1109732 RP11-210L7.1 12 A G -0.0606 0.014 1.47E-05 -0.0004 0.0187 0.9848 

rs1171617 SLC16A9 10 T G 0.0358 0.0047 1.61E-14 0.0049 0.0057 0.3849 

rs1186055 P2RX7 12 C A -0.0344 0.0043 1.30E-15 -0.0042 0.0054 0.4358 

rs12025912 KIF17 1 C T 0.0228 0.0053 1.76E-05 -0.0005 0.0069 0.9418 

rs12255141 VTI1A 10 A G -0.0272 0.0062 1.15E-05 -0.0093 0.0081 0.2478 

rs12257526 GRID1 10 C T 0.0248 0.0058 1.74E-05 0.0105 0.0074 0.1580 

rs12368199 OASL 12 A G 0.1211 0.0052 1.67E-121 0.0062 0.0067 0.3564 

rs12562686 RP11-410C4.4 1 A C -0.036 0.0084 1.74E-05 -0.0014 0.0103 0.8883 

rs1336584 CTA-21C21.1 1 C T -0.018 0.0042 1.91E-05 -0.0079 0.0049 0.1064 

rs1469231 NECAP1P1 7 A G -0.0188 0.0043 1.00E-05 -0.0098 0.0053 0.0653 

rs1557852 RNA5SP192 5 G A -0.0181 0.0042 1.53E-05 -0.0067 0.0051 0.1904 

rs17050084 AC007131.2 2 C T -0.0413 0.0096 1.90E-05 -0.0270 0.0123 0.0274 

rs17507671 RNU4-1 12 C T -0.0512 0.0096 1.03E-07 0.0036 0.0108 0.7423 

rs17686203 WAC 10 C T -0.0518 0.0118 1.06E-05 0.0118 0.0142 0.4093 

rs1873745 C8orf37-AS1 8 A G -0.0195 0.0044 1.01E-05 -0.0098 0.0059 0.0972 

rs1955919 LINC01765 1 A G -0.0467 0.0106 1.13E-05 -0.0253 0.0123 0.0389 

rs1957910 PRKCH 14 A G 0.0376 0.0088 1.96E-05 -0.0046 0.0093 0.6255 

rs208294 - - - - 0.0315 0.0036 1.08E-18 0.0058 0.0048 0.2293 

rs2631693 FSIP1 15 C G -0.0233 0.0053 1.14E-05 -0.0085 0.0071 0.2302 

rs273914 SLC22A4 5 T A 0.0236 0.0041 1.17E-08 0.0016 0.0050 0.7519 

rs278136 CIT 12 C T -0.0259 0.0043 1.96E-09 0.0040 0.0057 0.4776 

rs3767512 CACNA1S 1 A G 0.0625 0.0146 1.91E-05 0.0252 0.0177 0.1544 

rs3817190 CAMKK2 12 A T 0.0249 0.0047 1.14E-07 -0.0008 0.0049 0.8770 

rs4146382 AC019050.1 2 C T -0.0186 0.0043 1.25E-05 -0.0001 0.0052 0.9912 

rs4766962 COX6A1 12 A T 0.0516 0.0043 1.70E-33 0.0078 0.0051 0.1238 

rs4767937 SPPL3 12 C G 0.1052 0.0035 1.00E-200 0.0142 0.0048 0.0032 

rs4870883 FER1L6 8 A T -0.0262 0.006 1.41E-05 0.0057 0.0053 0.2824 

rs4943508 LINC01048 13 C T 0.0153 0.0035 1.38E-05 0.0098 0.0048 0.0431 

rs646454 SGO1-AS1 3 T C 0.0257 0.0059 1.17E-05 -0.0079 0.0074 0.2851 

rs6468765 KB-1410C5.3 8 C T 0.0156 0.0035 1.02E-05 -0.0078 0.0049 0.1082 

rs6496996 RN7SL599P 15 A G 0.0197 0.0045 1.05E-05 0.0035 0.0060 0.5583 

rs7295193 TMEM117 12 C T -0.0288 0.0067 1.58E-05 0.0115 0.0088 0.1884 

rs7303401 HNF1A-AS1 12 A T -0.0692 0.006 1.38E-30 -0.0106 0.0077 0.1678 

rs7954772 SLC38A4 12 A T 0.0182 0.0042 1.22E-05 -0.0009 0.0050 0.8617 

rs7979473 HNF1A 12 G A 0.0184 0.0042 1.20E-05 0.0078 0.0050 0.1184 
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GERD: Gastroesophageal reflux disease; SNP: Single nucleotide polymorphism; CHR: Chromosome.

Figure 2 Forest plot for the causality of blood metabolites on gastroesophageal reflux disease derived from inverse variance weighted 
analysis. CI: Confidence interval; OR: Odd ratio.

correlation between butyrylcarnitine and obesity, showing similar results in both children and adults[43,44]. This result 
has been reported in individuals of Asian and European ancestry[45]. Obesity can lead to an increase in the number of 
brief relaxations of the lower esophageal sphincter, esophageal motility disorders, hiatal hernia, and elevated intra-
abdominal pressure and is associated with complications such as BE and EA in GERD[46]. In addition, butyrylcarnitine 
has been found to be involved in the development of depression. Du et al[47] found that increasing neuronal differen-
tiation is associated with symptoms of depression in later years, and the increase in neuronal differentiation is jointly 
regulated by an increase in butyrylcarnitine levels and a decrease in the levels of the glycerophospholipid PC35:1 (16:0/
199:1). Zhao's study found cognitive improvement and decreased levels of butyrylcarnitine in schizophrenia patients 
treated with olanzapine[48]. These findings provide strong evidence for the involvement of butyrilcarnitine in the 
occurrence of mental illness. Therefore, we speculate that butyrylcarnitine may participate in the occurrence of GERD by 
increasing the risk factors for GERD. Finally, an increase in butyrylcarnitine is related to an increase in visceral fat content
[49]. For example, research has found that compared to healthy controls, patients with steatosis and steatohepatitis have 
significantly higher levels of butyrylcarnitine[50]. Metabolically active visceral adipose tissue secretes adipokines and 
inflammatory cytokines, which may induce GERD and its complications. A recent MR study also confirmed a positive 
correlation between visceral adipose tissue accumulation and an increased risk of GERD[51]. In summary, butyrylcar-
nitine may participate in the occurrence of GERD through multiple pathways. Unfortunately, there is currently a lack of 
direct evidence linking butyrylcarnitine with GERD, including the pathogenesis of the latter. Our research for the first 
time discovered a relationship between genetics and metabolomics, which is also a key focus of our future research. 
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Figure 3 Scatterplot of significantly associated (inverse variance weighted derived P < 0.05) and directionally consistent estimates. SNP: 
Single nucleotide polymorphisms.

Metabolomics has a noninvasive advantage compared to gastroscopy and pathological tissue biopsy, as it can determine 
the material basis for the occurrence and development of GERD and further speculate on the metabolic pathways 
involved. This research method combining microdetection and macroanalysis has strong technical support and extensive 
practical significance.

Genetic factors played a central role in our study of the relationship between metabolites and GERD, and SNP 
rs4767937 (corresponding to the sppl3 gene) was most significantly associated with butyrylcarnitine and GERD. SPPL3 is 
widely expressed in the human gastrointestinal tract, most notably in the esophagus[52]. Its main function is the in-
tramembrane cleavage of aspartic proteases and it acts as an exonuclease by mediating the release and secretion of 
protein hydrolysis from the active site ectodomain of glycan-modified glycosidases and glycosyltransferases[53,54]. 
Unfortunately, there have been no reports on SPPL3 and GERD or its risk factors and complications, and the specific 
pathological mechanisms of SPPL3 in GERD remain to be explored.

The only metabolic pathway identified in our study was that of glycerolipid metabolism, which involves 1-lino-
leoylglycerophosphoethanolamine. 1-Linoleoylglycerophosphoethanolamine is an important component of phosphatidy-
lethanolamine (PE), which is composed of fatty acids, ethanolamine, phosphoric acid and glycerol[55]. As a lipid 
chaperone, PE participates in the folding of some membrane proteins and is considered to be closely related to anxiety. 
Reichel's study found that alcohol dependent patients often have anxiety when abstaining from alcohol, and their plasma 
PE concentration is also higher after abstaining from alcohol[56]. In addition, Yang et al[21] explored the relationship 
between metabolites and some psychiatric disorders and found that 1-linoleoylglycerophosphoethanolamine was 
associated with the risk of major depression, which was further confirmed in a later study[57]. Therefore, it is probable 
that 1-linoleoylglycerophosphoethanolamine, similar to butyrylcarnitine, can influence depression to mediate the onset of 
GERD. In addition, an early study found that lansoprazole, one of the drugs of choice for GERD treatment, inhibited 
cytosolic PHOSPHO1 (a phosphatase that breaks down phosphocholine and phosphoethanolamine) in a noncompetitive 
manner[58]. This provides some reference for revealing the relationship between the two. Regarding glycerolipid 
metabolism, the signaling properties of glycerolipids have been elucidated in many fields from neuroscience and cancer 
to diabetes and obesity. The triglyceride metabolic pathway is the main route of action for several drugs. For example, 
LLKL, a new traditional Chinese medicine formulation, is able to exert hypoglycemic and gut microbiota-regulating 
effects by inhibiting triglyceride metabolism[59]. Unfortunately, however, no abnormalities in lipid metabolism have 
been reported in GERD. Given the lack of previous studies, the specific effects of GERD-related metabolites on GERD 
derived from this study need to be explored in detail under experimental conditions.

This MR analysis has several advantages. First, this is the most systematic and complete study to date on exploring the 
causal relationship between blood metabolites and GERD. Second, our results are convincing. The three MR estimates are 
highly consistent in direction and sensitivity analysis. The strict MR analysis allows us to avoid the rigorous MR analyses 
allow us to avoid the pitfalls of previous studies, such as reverse causality and confounding disturbances, and ensure the 
robustness of our results. Third, the reliability of the results was further verified by replication analysis and meta-analysis 
of additional GWAS data. Fourth, our study offers fresh insights into the molecular pathways underlying the patho-
genesis of GERD by combining genomics and metabolomics.
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Figure 4 Meta-analysis of significantly associated (inverse variance weighted derived P < 0.05) between metabolites and gastro-
esophageal reflux disease. CI: Confidence interval; OR: Odd ratio.

There are also some limitations to this study. First, given the small number of metabolite-related SNPs, our MR 
analysis set a slightly relaxed threshold. However, the F statistic of all SNPs associated with metabolites was greater than 
10, indicating that IVS have a strong power. Furthermore, the Steiger test results' consistent causal direction support 
lends credence to our lenient threshold choice. Second, for the MR analysis, we solely used GWAS data from people with 
European ancestry in order to reduce the impact of ethnic differences. Therefore, it merits further investigation and 
validation to determine whether our findings hold true for other populations. Third, our study did not perform subgroup 
analysis on GERD. Because the existing dataset does not distinguish between GERD subtypes, which could be further 
subdivided when the data are more complete, there may be differences between subtypes. Moreover, although MR 
analysis provides valuable insights into the etiology, our findings should be rigorously confirmed by randomized 
controlled trials and basic research before clinical application.

CONCLUSION
In summary, this MR study revealed that eight known blood metabolites are causally associated with GERD, with 
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butyrylcarnitine showing a significant association signal after Bonferroni correction. Our study also highlights the extent 
to which genetic factors (such as SPPL3) contribute to changes in metabolic levels and the development of GERD. Glycer-
olipid metabolism has also been found to be possibly related to the biological processes behind GERD. Although further 
validation of experimental data is needed, the discovery of these serum metabolites provides valuable insights into the 
early screening, prevention and treatment of GERD and the design of future clinical studies. This combined genomic and 
metabolomic MR analysis also provides a reference direction for exploring the etiology and pathogenesis of GERD. 
Future research should also include genetic and metabolomic data related to GERD related diseases. For example, non 
erosive reflux disease, reflux esophagitis, BE, and hiatal hernia. At the same time, it is necessary to compare the genetic 
and metabolomic differences among various diseases, which will help clarify the relationship between diseases and better 
explain GERD.

ARTICLE HIGHLIGHTS
Research background
Gastroesophageal reflux disease (GERD) affects approximately 13% of the global population. However, the pathogenesis 
of GERD has not been fully elucidated. The development of metabolomics as a branch of systems biology in recent years 
has opened up new avenues for the investigation of disease processes. As a powerful statistical tool, Mendelian random-
ization (MR) is widely used to explore the causal relationship between exposure and outcome.

Research motivation
At present, there is still a significant lack of blood metabolomics research on GERD.

Research objectives
We used MR analysis to thoroughly investigate the causal relationships between 486 blood metabolites and GERD using 
data from a genome-wide association study (GWAS). Additionally, we identified the metabolic pathways that cause 
GERD. In addition to advancing our understanding of the pathophysiological mechanisms underlying GERD, the 
integration of metabolomics and genomics offers fresh perspectives on the early detection and management of the 
disease.

Research methods
Two-sample MR analysis was used to assess the causal relationship between blood metabolites and GERD. A GWAS of 
486 metabolites was the exposure, and two different GWAS datasets of GERD were used as endpoints for the base 
analysis and replication and meta-analysis. Using the MR Steiger filtration method to detect whether there is a reverse 
causal relationship between metabolites and GERD. In addition, metabolic pathway analysis was conducted using the 
online database based MetaboAnalyst 5.0 software.

Research results
The results of this study indicated significant associations between eight metabolites, levulinate (4-oxovalerate) [odd ratio 
(OR) 0.80, 95% confidence interval (CI): 0.72-0.89, P < 0.0001], stearate (18:0) (OR 0.77, 95%CI: 0.64-0.92, P = 0.004), 
adrenate (22:4n6) (OR 0.83, 95%CI: 0.74-0.94, P = 0.004), p-acetamidophenylglucuronide (OR 0.99, 95%CI: 0.99-1.00, P = 
0.0002), kynurenine (OR 1.20, 95%CI: 1.07-1.35, P = 0.002), 1-linoleoylglycerophosphoethanolamine (OR 1.17, 95%CI: 1.05-
1.31, P = 0.004), butyrylcarnitine (OR 1.09, 95%CI: 1.05-1.13, P < 0.0001), and guanosine (OR 1.10, 95%CI: 1.03-1.18, P = 
0.003), and GERD. Bonferroni correction showed that butyrylcarnitine (OR 1.10, 95%CI: 1.05-1.16, P = 7.71 × 10-5) was the 
most reliable causal metabolite. Glycerophospholipid metabolism may be involved in the pathogenesis of GERD.

Research conclusions
Through the integration of genomics and metabolomics, we found that butyrylcarnitine may be a potential biomarker for 
GERD.

Research perspectives
The relationship between GERD and butyrilcarnitine needs further confirmation from basic and clinical real-world 
studies. Future research should also include genetic and metabolomic data related to GERD related diseases. For 
example, non erosive reflux disease, reflux esophagitis, BE, and hiatal hernia. At the same time, it is necessary to compare 
the genetic and metabolomic differences among various diseases, which will help clarify the relationship between 
diseases and better explain GERD.
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Abstract
BACKGROUND 
It is unclear that paired-related homeobox 1 (PRRX1) induces epithelial-
mesenchymal transition (EMT) in oesophageal cancer and the specific function of 
PRRX1 in oesophageal cancer metastasis.

AIM 
To assess the signicance of PRRX1 expression and investigate the mechanism of 
EMT in oesophageal cancer metastasis.

METHODS 
Detect the expression of PRRX1 by immunohistochemistry in oesophageal tumour 
tissues and adjacent normal oesophageal tissues; the PRRX1 short hairpin RNA 
(shRNA) or blank vector lentiviral gene delivery system was transfected into cells; 
cell proliferation assay, soft agar colony formation assays, cell invasion and 
migration assays and animal studies were used to observe cells biological charac-
teristics In vitro and in vivo; XAV939 and LiCl were used to alter the activity of 
Wnt/β-catenin pathway. Immunofluorescence staining and western blot analysis 
were used to detect protein expression of EMT markers and Wnt/β-catenin 
pathway.

RESULTS 
PRRX1 is expressed at high levels in oesophageal cancer specimens and is closely 
related to tumour metastasis in patients with oesophageal cancer. Regulation of 
PRRX1 expression might exert obvious effects on cell proliferation, especially the 
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migration and invasion of oesophageal cancer cells. Moreover, silencing PRRX1 expression using a shRNA 
produced the opposite effects. In addition, when PRRX1 was overexpressed, inhibition of the Wnt/β-catenin 
pathway with XAV939 negated the effect of PRRX1 on EMT, whereas when PRRX1 was downregulated, activation 
of the Wnt/β-catenin pathway with LiCl impaired the effect on EMT.

CONCLUSION 
PRRX1 is upregulated in oesophageal cancer is closely correlated with cancer metastasis. Additionally, PRRX1 
induces EMT in oesophageal cancer metastasis through activation of Wnt/β-catenin signalling.
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Core Tip: This study aims to assess the significance of paired-related homeobox 1 (PRRX1) expression and investigate the 
mechanism of epithelial-mesenchymal transition (EMT) in oesophageal cancer metastasis. PRRX1 is expressed at high 
levels in oesophageal cancer specimens and is closely related to tumour metastasis in patients with oesophageal cancer. 
Regulation of PRRX1 expression might exert obvious effects on cell proliferation, especially the migration and invasion of 
oesophageal cancer cells. Moreover, silencing PRRX1 expression using a short hairpin RNA produced the opposite effects. 
In addition, when PRRX1 was overexpressed, inhibition of the Wnt/β-catenin pathway with XAV939 negated the effect of 
PRRX1 on EMT, whereas when PRRX1 was downregulated, activation of the Wnt/β-catenin pathway with LiCl impaired 
the effect on EMT. These observations indicate that PRRX1 is upregulated in oesophageal cancer is closely correlated with 
cancer metastasis. Additionally, PRRX1 induces EMT in oesophageal cancer metastasis through activation of Wnt/β-catenin 
signalling.
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INTRODUCTION
Esophageal cancer is one of the most common cancers with high morbidity and mortality. Esophageal cancer includes 
squamous-cell carcinoma and adenocarcinoma. At present, the treatment strategies of esophageal carcinoma mainly 
include surgery, chemotherapy, radiotherapy and molecular targeted therapy. However, the prognosis remains poor and 
overall Five-year survival rate is very low, with metastasis and recurrence being the main causes[1]. Metastasis is a sign of 
the progression of malignant tumours and remains the greatest challenge for cancer treatment[2]. Epithelial-mesenchymal 
transition (EMT) is a set of complex and variable transitional states between the epithelial and mesenchymal phenotypes, 
which acts a key role in carcinoma metastasis, and increasing reports show that metastasis is caused by EMT in pre-
invasive stage of most primary cancer[3]. According to reports, the ability of cancer cells to invade and metastasize can be 
obtained by transforming into the mesenchymal phenotype. EMT is a type of transdifferentiation characterized by 
decreased expression of epithelial markers such as E-cadherin and increased expression of mesenchymal markers such as 
N-cadherin and vimentin[4]. The invasive ability of cancer cells is obtained by transforming into a mesenchymal 
phenotype, accompanied by changes of EMT markers (N-cadherin, E-cadherin and vimentin) were observed[4]. EMT is 
caused by the changes of genetic, epigenetic changes and the tumour microenvironment. WIST1, SNAI1, ZEB1 and ZEB2 
are EMT inducers involved in EMT in most of cancer[5-7]. It is reported that the EMT is a key step in inducing the 
metastasis of highly aggressive cancer cells, and its molecular mechanism must be extensively investigated.

Recently, paired-related homeobox 1 (PRRX1), which is revealed as a EMT inducer, could induce EMT in some cancers. 
Surprisingly , the function of PRRX1 is markedly different in these cancer types, and high expression of PRRX1 may 
predict less metastasis in breast cancer and a better prognosis in breast cancer[8]. At the same time, we observed the 
opposite relationship in gastric cancer[9], which was also found in pancreatic cancer and colorectal cancer[10,11]. 
Researchers have not determined whether PRRX1 induces EMT in oesophageal cancer and the specific function of PRRX1 
in oesophageal squamous cancer metastasis.

MATERIALS AND METHODS
Patients and tissue samples
One hundred primary oesophageal squamous cancer tissue samples were collected from the Department of Thoracic 
Surgery of the First Affiliated Hospital of Chongqing Medical University (Chongqing, China). The patients did not 

https://www.wjgnet.com/1948-5204/full/v15/i12/2185.htm
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receive preoperative chemotherapy or radiotherapy. These patients with oesophageal squamous cancer were performed 
on radical resection. This study was reviewed and ratified by the Research Ethics Committee of Chongqing Medical 
University.

Immunohistochemistry
To detect the expression of PRRX1, immunohistochemical staining was performed with the immunohistochemical SP kit 
(ZSGB-BIO, Beijing, China). The sections were deparaffinized, heated in a microwave oven at 90 °C for 20 min for antigen 
retrieval, incubated with 3% hydrogen peroxide for 25 min, then blocked by serum at 37 °C for 30 min. The sections were 
incubated with the primary antibody overnight at 4 °C and then incubated with the secondary antibody at 37 °C for 40 
min. Next, the sections on the glass slide were incubated with streptavidin-HRP at 37 °C for 30 min and chromogen 3,3-
diaminobenzidine for 15 min and then counterstained with haematoxylin. The staining for the target protein was 
observed under a microscope.

Two independent pathologists judged and scored staining in 10 random fields of view. As mentioned above, the 
staining was semi-quantitatively graded by determining the percentage of positively stained cells (0 points indicates 0%-
5%, 1 point indicates 6%-25%, 2 points indicates 26%-50%, and 3 points indicates > 50%) and expression intensity score (1 
point = weak intensity, 2 points = medium intensity, and 3 points = strong intensity). A total score > 3 points was 
considered significant overexpression and was considered positive for data analysis.

Cell culture and antibodies
The human oesophageal squamous carcinoma cell lines EC109 and EC9706 were purchased from the Key Laboratory of 
General Surgery. The celllines were maintained in RPMI 1640 medium (Gibco, United States) containing 10% foetal 
bovine serum (HyClone, China) and cultured at 37 °C in a humidified atmosphere containing 5% CO2 and 95% air. Cells 
were treated with 10 μmol/L XAV939 (a Wnt/β-catenin signalling inhibitor) or 20 mmol/L LiCl (a Wnt/β-catenin 
signalling activator) for 24 h to determine the effects of Wnt/β-catenin signalling on the function of PRRX1.

The antibodies against the following proteins were used: PRRX1 (OriGene, United States), N-cadherin, E-cadherin, 
Vimentin, and anti-lamin B1 (Sigma-Aldrich, United States), β-actin (Beyotime, China), HRP-conjugated goat anti-mouse 
IgG, Alexa Fluor 549-conjugated goat anti-rabbit IgG (H + L), and HRP-conjugated goat anti-rabbit IgG (ZSGB-BIO, 
Beijing, China).

Plasmid construction and transfection
The PRRX1 short hairpin RNA (shRNA) was constructed in a recombinant adenovirus gene delivery system by 
GeneChem Biomedical Co., Ltd. (Shanghai, China), and the negative control was delivered by a blank vector lentiviral 
gene delivery system. The PRRX1 shRNA or blank vector lentiviral gene delivery system was transfected into cells, and 
then referred to as the PRRX1(i) or MOCK group, respectively.

Cell proliferation assay and soft agar colony formation assays
The cells were incubated in a 96-well plate at a density of 2 × 103 cells per well. After 1, 2, 3, 4, 5, 6 and 7 d, 20 μL of MTT 
dye (Sigma-Aldrich) were added to each well and incubated at 37 °C for 4 h before dimethyl sulfoxide was added to each 
well. The absorbance was measured spectrophotometrically with a microplate reader (Bio-Rad, Hercules, CA, United 
States).

Soft agar colony formation assays were performed to evaluate the colony formation capacity. Cells were cultured in 6-
well plates were cultured containing 0.35% agarose (RPMI medium 1640 mixed with agarose) at a density of 2 × 103 cells 
per well. After 3 wk, the colonies were manually counted under a microscope.

Cell invasion and migration assays
Twenty-four-well Transwell chambers with an 8-μm pore size (Corning, New York, NY, United States) were coated with 
BD Matrigel Basement Membrane Matrix (BD Biosciences, San Diego, CA, United States), maintained overnight at 4 °C, 
and then polymerized at 37 °C. The transwell chambers used in the migration assay were not coated with Matrigel. Cells 
were plated in transwell chambers at a density of 1 × 105 cells per well and incubated. After 20 h, the cells that passed 
through the transwell were stained with 4% paraformaldehyde and then stained with haematoxylin-eosin (HE). By 
counting the number of stained cells in the four quadrants from each insert and averaging the obtained triplicate values, 
the number of cells invaded or migrated through Matrigel was quantified.

Immunofluorescence staining
Cells were incubated in dishes. After 24 h, cells were fixed with 4% paraformaldehyde for 30 min, then permeabilized 
with 0.04% Triton X-100 for 10 min, and then blocked by 5% bovine serum albumin for 30 min. Cells were incubated with 
the primary antibody at 37 °C for 1 h, incubated with the appropriate Alexa Fluor 549-conjugated secondary antibody at 
37 °C for 1 h, and counterstained with 4’,6-diamidino-2-phenylindole for 1 h. Immunofluorescence images were captured 
using a fluorescence microscope.

Animal studies
BALB/c nude mice were used to the role of PRRX1 on detect tumorigenicity and tumor formation in oesophageal tumour 
formation. Three groups (EC9706, EC9706 MOCK and EC9706 PRRX1(i) were expanded and subcutaneously inoculated 
into the flanks of nude mice (3 × 105 cells). Tumour diameters were measured using Vernier callipers every week, and the 
tumour volumes were calculated using the following formula: V(mm3) = length × width2/2. After 6 wk, the mice were 
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euthanized by Carbon Dioxide Euthanasis.
A total of 1 × 104 cells was injected into the tail vein of each nude mouse to assay the effect of PRRX1 on oesophageal 

cancer cell metastasis in vivo. Necropsies were performed after 30 d, and the number of lung metastasis nodules in each 
mouse was counted.

Western blot analysis
Whole-cell extracts were prepared in lysis buffer (Beyotime, China), and the nuclear and cytoplasmic fractions were 
separated with a nuclear and cytoplasmic protein extraction kit (Beyotime, China). Then, 40 μg of protein were loaded 
into each well, electrophoretically separated, and transferred to membranes. The membranes were then incubated with 
primary antibodies for 10 h at 4 °C and then incubated with secondary antibodies for 1 h at 37 °C. Finally, each band was 
analysed using an ECL chemiluminescence detection system (ChemiDoc™ XRS imager, Bio-Rad, United States).

Statistical analysis
Statistical analyses were performedby SPSS v. 20 and GraphPad Prism 6 software. Student’s t test, was used to calculated 
signicant differences. Pearson’s correlation coefficients and the χ2 test, as appropriate. Overall survival was analysed 
using the logrank test and KaplanMeier analysis. Values of P < 0.05 were considered statistically significant.

RESULTS
PRRX1 expression is upregulated in oesophageal squamous cancer and related to shorter overall survival
We determined the PRRX1 expression level in oesophageal squamous tumour tissues and adjacent normal oesophageal 
tissues by performing immunohistochemistry. Compared with adjacent normal oesophageal tissues, PRRX1 was 
expressed at significantly higher levels in oesophageal squamous tumour tissues (Figures 1A-D). The expression level of 
PRRX1 in 100 oesophageal squamous cancer specimens was investigated. As shown in Figure 1E, during the 5-year 
follow-up, 55.9% of patients with low PRRX1 expression survived, and only 37.9% of patients with high PRRX1 
expression survived (P < 0.05). As shown in Table 1, PRRX1 was expressed at significantly higher levels in oesophageal 
tumour tissues than in adjacent normal oesophageal tissues (P < 0.05). The correlations between the expression levels of 
PRRX1 and the clinicopathological features of patients with oesophageal cancer were analysed (as shown in Table 2). 
Strong correlations were observed between the expression of PRRX1 and T-stage and lymph node metastasis and pTNM 
stage of tumour invasion (P < 0.05). In addition, the expression of PRRX1 had no relationship with the age, gender, tumor 
location and histologic grade of oesophageal squamous cancer (P > 0.05).

PRRX1 modulates cell proliferation, colony formation, invasion and migration in oesophageal cancer
High PRRX1 expression was detected in EC109 and EC9706 cells. After shRNA vector transfection, stable oesophageal 
cancer cell lines were established, in which the expression of PRRX1 was continuously inhibited. The PRRX1(i) groups 
were conrmed to express the PRRX1 protein at lower levels after transfection with the PRRX1 shRNA vector lentivirus. 
PRRX1 expression was more obviously inhibited in EC9706 PRRX1(i) cells than in EC109 PRRX1(i) cells (as shown in 
Figure 2), and thus EC9706 cells were used in follow-up biological experiments using oesophageal cancer cells.

Cell proliferation was assessed using the MTT assay. The proliferation of EC9706 cells was signicantly decreased on 
days 4, 5, 6, and 7 after silencing endogenous PRRX1 (Figure 3A). Silencing the expression of PRRX1 inhibits the growth 
of oesophageal cancer cells. The soft agar colony formation assay revealed the effect of PRRX1 on the colony formation 
ability of oesophageal cancer cells. Smaller and fewer colonies were formed by EC9706 cells after PRRX1 was downreg-
ulated (Figure 3B).

Cell migration and invasion assays were executed. In Figure 3C, compared with the EC9706 and EC9706 MOCK 
groups, the number of cells migrating through the Transwell was significantly reduced after PRRX1 silencing (P < 0.05). 
In addition, as shown in Figure 3D, the number of cells passing through Matrigel was significantly reduced after PRRX1 
was downregulated compared with the EC9706 and EC9706 MOCK groups (P < 0.05). Based on these results, PRRX1 
increases the proliferation, colony formation, invasion and migration of oesophageal cancer cells.

PRRX1 induces EMT in oesophageal cancer
In the EC109 PRRX1(i) and EC9706 PRRX1(i) groups, the level of the PRRX1 protein was obviously reduced, but no 
significant difference in the expression of PRRX1 was observed between the MOCK group and parental cell group. Then, 
the levels of EMT markers were also distinctly changed. The expression of N-cadherin and vimentin was significantly 
decreased; in contrast, E-cadherin expression was significantly increased in EC109 PRRX1(i) and EC9706 PRRX1(i) cells 
(Figure 2). Similar results were also obtained from the immunofluorescence staining experiment (Figure 4). The change in 
the level of the PRRX1 protein was accompanied by changes in the expression of EMT markers. These results reveal that 
PRRX1 induces EMT in oesophageal cancer cells.

PRRX1 regulates the Wnt/β-catenin pathway in oesophageal cancer
β-catenin asthe key protein in the Wnt/β-catenin pathway, and the expression of β-catenin was significantly decreased 
EC109 PRRX1(i) and EC9706 PRRX1(i) cells (Figure 2). Therefore, PRRX1 may affect the Wnt/β-catenin pathway in 
oesophageal cancer cells. PRRX1 silencing accompanied an obvious reduction in the total β-catenin level, especially the 
nuclear level of β-catenin (Figure 2). An obvious reduction in the nuclear level of β-catenin was also observed (Figure 4). 



Guo JB et al. PRRX1 induces EMT in oesophageal squamous cancer

WJGO https://www.wjgnet.com 2189 December 15, 2023 Volume 15 Issue 12

Table 1 Expression of paired-related homeobox 1 in 100 cases of esophageal cancer and adjacent normal esophageal tissues (λ2-test)

Protein Esophageal cancer tissues Esophageal cancer adjacent normal tissues P value

PRRX1

+ 62 43 0.007

- 38 57

PRRX1: Paired-related homeobox 1.

Table 2 Correlation between paired-related homeobox 1 immunostaining and clinicopathologic features in 100 cases of esophageal 
cancer tissues (λ2-test)

PRRX1
Parameters n

+ -
P value

Age (yr) 0.529

< 60 30 20 10

≥ 60 70 42 28

Gender 0.813

Male 67 41 26

Female 33 21 12

Tumor location 0.626

Upper 19 10 9

Middle 60 39 21

Lower 21 13 8

T-stage 0.024

T1-T2 29 13 16

T3-T4 71 49 22

Histologic grade 0.423

Well 17 9 8

Middle 58 35 23

Poor 25 18 7

Lymph node metastasis 0.014

Negative 35 16 19

Positive 65 46 19

pTNM stage 0.009

I 14 5 9

II 26 12 14

III 44 34 10

IV 16 11 5

Both depth of tumor invasion and tumor node metastasis (TNM) stage: According to 2018 TNM classification of malignant tumors by the International 
Union Against Cancer. TNM: Tumor node metastasis; PRRX1: Paired-related homeobox 1.

Further research showed that the total and nuclear levels of the β-catenin protein were decreased after cells were treated 
with XAV939 (an inhibitor of Wnt/β-catenin signalling), meanwhile, significantly increased after cells were treated with 
LiCl (an activator of Wnt/β-catenin signalling) (Figure 5). This information suggests that PRRX1 is involved in regulating 
the Wnt/β-catenin pathway in oesophageal cancer cells.
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Figure 1 Paired-related homeobox 1 expression is upregulated in oesophageal cancer and related to shorter overall survival. A: 
Immunohistochemical detection of the expression of paired-related homeobox 1 (PRRX1) in oesophageal cancer specimens with a high (× 200); B: Middle (× 200); C: 
Low grade (× 200); D: Immunohistochemical detection of the expression of PRRX1 in adjacent normal oesophageal tissues (× 200); E: Logrank test and Kaplan-
Meier analysis of the association of PRRX1 expression with the overall survival of patients with oesophageal cancer. aP < 0.05. PRRX1: Paired-related homeobox 1.

Figure 2 Paired-related homeobox 1 not only induces epithelial-mesenchymal transition but also regulates Wnt/β-catenin signalling. A and 
B: The protein levels of paired-related homeobox 1, epithelial-mesenchymal transition markers (E-cadherin, Vimentin, and N-cadherin), total β-catenin and nuclear β-
catenin in various groups of EC9706 and EC109 cells were examined using western blotting. aP < 0.05. PRRX1: Paired-related homeobox 1.

PRRX1 induces EMT in oesophageal cancer via the Wnt/β-catenin pathway
After the level of the PRRX1 protein was obviously reduced in EC109 PRRX1(i) and EC9706 PRRX1(i) cells, a significant 
increase in E-cadherin levels and significant reductions in levels of the vimentin, N-cadherin, total and nuclear β-catenin 
proteins were examined (Figure 2). As shown in Figure 5, the activator of Wnt/β-catenin signalling LiCl increased the 
levels of the total and nuclear β-catenin proteins. Concomitantly, levels of the N-cadherin and vimentin proteins were 
significantly increased, the level of the E-cadherin protein was decreased, and the level of the PRRX1 protein was not 
changed in EC109 PRRX1(i) and EC9706 PRRX1(i) cells. At the same time, after the inhibition of Wnt/β-catenin signalling 
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Figure 3 Paired-related homeobox 1 modulates proliferation, colony formation, migration and invasion in oesophageal cancer cells. A: 
The MTT assay. Paired-related homeobox 1 (PRRX1) affected EC9706 cell proliferation; B: Soft agar colony formation assay. PRRX1 affected the ability of EC9706 
cells to form colonies in soft agar, and the number of colonies was different in various groups of EC9706 cells; C: Cellular migration assays. PRRX1 affected the 
migration of EC9706 cells. The number of migrating EC9706 cells in various groups was different. Cells were stained with hematoxylin and eosin; D: Cellular invasion 
assays. PRRX1 affected the invasive properties of EC9706 cells. The number of invasive EC9706 cells in various groups was different. Cells were stained with 
hematoxylin and eosin. aP < 0.05. PRRX1: Paired-related homeobox 1.

with XAV939, the total and nuclear levels of the β-catenin protein were decreased, levels of the vimentin and N-cadherin 
proteins were decreased, the expression of the E-cadherin protein was increased, and the level of the PRRX1 protein was 
not altered in EC109 and EC9706 cells. PRRX1 not only induced EMT but also altered the activity of the Wnt/β-catenin 
pathway. After further study, activation of the Wnt/β-catenin pathway potentially restores the effects of PRRX1 on 
inhibiting EMT, whereas inhibiting the activity of the Wnt/β-catenin pathway enhances the effect of the downregulation 
of PRRX1 on EMT.

PRRX1 promotes oesophageal cancer cell proliferation and metastasis in vivo
Xenografts of EC9706, EC9706 MOCK and EC9706 PRRX1(i) cells were established in nude mice to test the function of 
PRRX1 in tumorigenesis, and solid tumours developed after 6 wk. In the EC9706 PRRX1(i) group, the tumour volumes 
and weights were significantly smaller than those in the EC9706 and EC9706 MOCK groups (Figure 6A).

The number of lung metastatic foci was evaluated to explore the role of PRRX1 in oesophageal cancer cell metastasis in 
vivo, and a smaller number of lung metastatic nodules was observed in animals injected with PRRX1-silenced cells than in 
animals injected with control cells (Figure 6B).
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Figure 4 Cellular immunofluorescence staining. The protein levels of epithelial-mesenchymal transition markers (E-cadherin, N-cadherin, and Vmentin) and 
β-catenin in cells were stained red, and the nucleus was stained blue with 4’,6-diamidino-2-phenylindole. PRRX1: Paired-related homeobox 1; DAPI: 4’,6-diamidino-2-
phenylindole.

DISCUSSION
EMT plays a key role in tumour progression[12]. During EMT, epithelial cells obtain mesenchymal characteristics with 
the loss of epithelial cell markers (E-cadherin) and the acquisition of mesenchymal cell markers (vimentin and N-
cadherin). EMT is activated or reversed (mesenchymal to epithelial transition, MET) by cells, revealing a form of plasticity 
that also leads to stemness and drug resistance[13]. EMT is related to tumour metastasis, which is accompanied by the 
activation of signalling networks[14]. EMT is reported to be important in the invasion and metastasis of cancer cells[3].

PRRX1 was reported for the first time to enhance the DNA binding activity of serum response factors[15]. PRRX1 
induces EMT by inhibiting the expression of E-cadherin[8,10]. PRRX1 also plays a key role in the process of pancreatic 
regeneration and carcinogenesis[11]. In oesophageal squamous cancer tumours, PRRX1 is expressed at higher levels than 
that in adjacent normal tissue, and the expression of PRRX1 is significantly correlated with the T-stage, lymph node 
metastasis and pTNM stage of oesophageal squamous cancer. High PRRX1 expression is related to a shorter overall 
survival. This study is a small sample size study, follow-up studies need a larger sample size to reduce bias. Oesophageal 
cancer cells (EC9706 and EC109) with high PRRX1 expression not only exhibit a spindle-like shape but also display a loss 
of E-cadherin expression and high vimentin and N-cadherin expression. After downregulating the expression of PRRX1, 
oesophageal cancer cells (EC9706 and EC109) upregulated the expression of E-cadherin and downregulated the 
expression of vimentin and N-cadherin, showing an oval-like shape. These results indicate that oesophageal cancer cells 
with downregulation of PRRX1 undergo the MET and that EMT can be reversed to the MET[16]. At the same time, we 
also observed that PRRX1 silencing suppressed cell proliferation, colony formation, migration and invasion in vitro, and 
downregulating PRRX1 also inhibited proliferation and metastasis in vivo. During EMT, epithelial features of cancer cells 
are inhibited, and the expression of mesenchymal genes is upregulated. Then, an invasive and metastatic phenotype is 
acquired. EMT is presumed to play a central role in cancer metastasis[17]. Based on these results, PRRX1 not only 
maintains EMT but also promotes cancer metastasis in oesophageal cancer. PRRX1 also induces EMT during carcino-
genesis; therefore, EMT may play an important role in PRRX1-mediated tumour invasion and metastasis[10,18].

However, the molecular mechanism by which PRRX1 regulates EMT in oesophageal squamous cancer is unclear[10]. In 
this study, it was found that the expression and localization of β-catenin in oesophageal cancer was related to the 
expression of PRRX1. And the aberrant expression of β-catenin may be a potential unfavourable factor contributing to the 
occurrence and development of oesophageal cancer[19]. β-catenin functions as a key mediator in the Wnt/β-catenin 
signalling pathway. After activating Wnt/β-catenin signalling, β-catenin escapes proteasomal degradation and is 
transported to the nucleus, where it binds to its target genes and promotes a variety of carcinogenic pathways[20]. The 
Wnt/β-catenin signalling pathway plays an important role in the progression, metastasis and invasion of oesophageal 
cancer[21]. The Wnt/β-catenin signalling pathway regulates multiple biological processes, such as cardiac valve 
formation and cell proliferation, as well as EMT in gastrulation and cancer[22,23]. When Wnt/β-catenin signalling is 
activated, the destruction complex is inhibited, β-catenin could gradually accumulate, and then translocate to the nucleus. 
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Figure 5 Paired-related homeobox 1 regulates epithelial-mesenchymal transition via the WNT/β-catenin pathway. A: The protein levels of 
paired-related homeobox 1 (PRRX1), epithelial-mesenchymal transition (EMT) markers (E-cadherin, Vimentin, and N-cadherin), total β-catenin and nuclear β-catenin 
in different groups of EC109 and EC9706 cells (treated with 10 μM XAV939) were examined using western blotting; B: The protein levels of the EMT markers total β-
catenin nuclear β-catenin, and PRRX1 in different groups of EC109 PRRX1(i) and EC9706 PRRX1(i) cells (treated with 20 mmol/L LiCl) were examined using 
western blotting. aP < 0.05. PRRX1: Paired-related homeobox 1.

The loss of E-cadherin expression may be caused by the translocation of β-catenin into the nucleus[23,24]. High PRRX1 
expression was accompanied by increased levels of β-catenin in the nucleus of oesophageal cancer cells and activation of 
the Wnt/β-catenin signalling pathway in the present study. Following PRRX1 downregulation, β-catenin expression was 
downregulated, and more obviously, β-catenin levels in the nucleus were decreased. In addition, XAV939, which as an 
inhibitor of Wnt/β-catenin signalling, inhibited the activity of Wnt/β-catenin signalling by preventing β-catenin translo-
cation into the nucleus[25]. High PRRX1 expression in oesophageal cancer cells induces EMT, and the effect on EMT was 
neutralized by XAV939. At the same time, LiCl-mediated activation of the Wnt/β-catenin pathway weakens the effect of 
PRRX1 downregulation on EMT. These results indicate that PRRX1 regulates Wnt/β-catenin signalling in oesophageal 
cancer and that Wnt/β-catenin signalling regulates the PRRX1-induced EMT.

In summary, the upregulation of PRRX1 is a common event in oesophageal cancer that is closely related to the 
metastasis of oesophageal squamous cancer. PRRX1 induces EMT by activating Wnt/β-catenin signalling and stimulates 
the invasion and metastasis of oesophageal cancer, which leads to poor prognosis of patients with oesophageal cancer. 
Our results are consistent with those observed in pancreatic cancer and colorectal and gastric cancer[9], but differ from 
the findings in breast cancer[8]. Perhaps these data suggest that the function of PRRX1 is different in different cancers. 
More research is needed on PRRX1. PRRX1 is regulated by transforming growth factor-β and microRNAs[8,26]. PRRX1 
isoforms regulate the DNA damage response in pancreatic cancer cells in cooperation with FOXM1[27]. Cellular 
phenotypic plasticity and dormancy of head and neck squamous cell carcinoma are regulated by PRRX1[28]. In hepato-
cellular carcinoma, the downregulation of PRRX1 predicts a poor prognosis, and PRRX1 regulates the p53-dependent 
signalling pathway[29].

CONCLUSION
Given the importance of PRRX1 in EMT and the Wnt/β-catenin pathway in esophageal squamous cancer, our findings 
not only provide a better understanding of the molecular mechanisms of PRRX1 in esophageal squamous cancer 
metastasis, but also provide a better understanding of the role of PRRX1 in cancer metastasis, it also suggests some 
potential therapeutic intervention targets[11].
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Figure 6 Paired-related homeobox 1 downregulation inhibits cell proliferation and lung metastasis in vivo. A: Paired-related homeobox 1 
(PRRX1) affected EC9706 cell proliferation in vivo. The tumour volume was measured weekly; B: The number of metastatic lung nodules was different in the various 
EC9706 groups. aP < 0.05. PRRX1: Paired-related homeobox 1.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer is one of the most common cancers with high morbidity and mortality. It is unclear that paired-related 
homeobox 1 (PRRX1) induces epithelial-mesenchymal transition (EMT) in oesophageal cancer and the specific function of 
PRRX1 in oesophageal cancer metastasis.

Research motivation
This study is to assess the signicance of PRRX1 expression and investigate the mechanism of EMT in oesophageal cancer 
metastasis.

Research objectives
One hundred primary oesophageal cancer tissue samples were collected from Thoracic Surgery and the human 
oesophageal squamous carcinoma cell lines EC109 and EC9706.

Research methods
The expression of PRRX1 by the chemical test of immunohistochemical tissue is in the esophageal tumor tissue. The 
PRRX1 short hair holder RNA (SHRNA) or blank virus gene delivery system is transfected into the cells. Cell prolif-
eration measurement, the formation of soft agar colonies, cell invasion and migration measurement, and animal research 
are used to observe the cell biological characteristics of internal and internal body. Mouse experimental testing and 
metastasis of esophageal tumors in the body. Immunfluorescence staining and protein marks analysis is used to detect 
protein expression of EMT labeling and Wnt/β-catenin. XAV939 and LiCl are used to change the activity of Wnt/β-
catenin pathway.

Research results
PRRX1 is expressed in high levels in the specimen of esophageal cancer and is closely related to the metastasis and 
prognosis of the tumor metastasis and prognosis of patients with esophageal cancer. The regulation of PRRX1 may have a 
significant impact on cell proliferation, especially the migration and invasion of esophageal cancer cells. The expression of 
PRRX1 is closely related to EMT and Wnt/β-catenin. Further experiments, using shRNA to silence the expression of 
PRRX1 have the opposite effect. In addition, when PRRX1 was expressed, the inhibitory effect of XAV939 on WNT/β-
catenin’s inhibitory has denied the effect of PRRX1 on EMT. When the expression of PRRX1 was downregulated, the 
Wnt/β-catenin pathway with LiCl impaired the effect on EMT.

Research conclusions
In oesophageal cancer, PRRX1 is closely related to the metastasis and prognosis of tumor. PRRX1 can improve the ability 
to value and metastasize tumors. PRRX1 regulate EMT increases the ability of tumors. Further research found that PRRX1 
regulates EMT through the Wnt/β-catenin signal.
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Research perspectives
The expression of PRRX1 is closely related to the metastasis and prognosis of esophageal cancer, which also shows that 
PRRX1 may become a potential esophageal cancer treatment target. Our studies have confirmed that PRRX1 is regulating 
EMT through WNT/β-catenin. More PRRX1 regulation mechanisms and downstream target areas need to be more in-
depth research.
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Abstract
BACKGROUND 
The frequency and content of follow-up strategies remain controversial for co-
lorectal cancer (CRC), and scheduled follow-ups have limited value.

AIM 
To compare intensive and conventional follow-up strategies for the prognosis of 
non-metastatic CRC treated with curative intent using a meta-analysis.

METHODS 
PubMed, Embase, and the Cochrane Library databases were systematically 
searched for potentially eligible randomized controlled trials (RCTs) from 
inception until April 2023. The Cochrane risk of bias was used to assess the 
methodological quality of the included studies. The hazard ratio, relative risk, and 
95% confidence interval were used to calculate survival and categorical data, and 
pooled analyses were performed using the random-effects model. Additional 
exploratory analyses were performed for sensitivity, subgroups, and publication 
bias.

RESULTS 
Eighteen RCTs involving 8533 patients with CRC were selected for the final 
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analysis. Intensive follow-up may be superior to conventional follow-up in improving overall survival, but this 
difference was not statistically significant. Moreover, intensive follow-up was associated with an increased 
incidence of salvage surgery compared to conventional follow-up. In addition, there was no significant difference 
in the risk of recurrence between intensive and conventional follow-up strategies, whereas intensive follow-up was 
associated with a reduced risk of interval recurrence compared to conventional follow-up. Finally, the effects of 
intensive and conventional follow-up strategies differed when stratified by tumor location and follow-up duration.

CONCLUSION 
Intensive follow-up may have a beneficial effect on the overall survival of patients with non-metastatic CRC treated 
with curative intent.

Key Words: Intensive follow-up; Conventional follow-up; Colorectal cancer; Curative intent; Meta-analysis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This systematic review and meta-analysis aimed to determine the effects of intensive vs conventional follow-up 
strategies on the prognosis of patients with colorectal cancer (CRC) treated with curative intent by examining randomized 
controlled trials (RCTs). This study found that an intensive follow-up strategy might have beneficial effects on overall 
survival. Moreover, an intensive follow-up strategy was associated with an increased incidence of salvage surgery and a 
reduced risk of interval survival. Further large-scale RCTs should assess the effects of intensive follow-up with a specific 
frequency and content for non-metastatic CRC treated with curative intent.

Citation: Cui LL, Cui SQ, Qu Z, Ren ZQ. Intensive follow-up vs conventional follow-up for patients with non-metastatic colorectal 
cancer treated with curative intent: A meta-analysis. World J Gastrointest Oncol 2023; 15(12): 2197-2211
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2197.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2197

INTRODUCTION
Colorectal cancer (CRC) is the third most frequently diagnosed cancer, which accounted for more than 1.9 million cases 
and 900000 cancer-related deaths worldwide in 2000, thereby causing a great public health burden[1,2]. The incidence 
and prognosis of CRC have improved because of the use of population-based screening programs and understanding the 
necessity of a healthy lifestyle. Early diagnosis and treatment are significantly related to CRC prognosis[3]. The 5-year 
survival rate is 90% for stage I-II CRC and is reduces to 14% for stage IV CRC[4]. The standard treatment for early-stage 
CRC is curative surgery, and tumor node metastasis is an important predictor of early-stage CRC prognosis and other 
prognostic factors, including tumor location and clinicopathological results[5-7]. Nevertheless, 10%-20% of patients 
develop recurrent disease, and an additional follow-up strategy should be applied to improve CRC prognosis.

Curative surgery aims for the early detection of treatable recurrence and improving CRC prognosis. Generally, there is 
a long follow-up duration for patients with CRC treated through curative surgery. However, the frequency and content of 
follow-ups remain controversial for CRC, and scheduled follow-ups have limited value[8-10]. A prior meta-analysis 
found that the use of intensive follow-up strategies could improve overall survival compared to conventional follow-up 
strategies. However, the pooled analyses did not yield a conclusive solution[11]. Moreover, stratified analyses based on 
studies and patient characteristics were not performed. Therefore, this systematic review and meta-analysis was 
conducted to determine the effects of intensive vs conventional follow-up strategies on the prognosis of patients with 
CRC treated with curative intent. The study chose randomized controlled trials (RCTs) for its data.

MATERIALS AND METHODS
Search strategy and selection criteria
This study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
guidelines[12]. RCTs comparing the effects of intensive and conventional follow-up strategies for non-metastatic CRC 
treated with curative intent were eligible for our study, and the publication language was restricted to English. We 
systematically searched PubMed, Embase, and the Cochrane library for eligible trials throughout April 2023, and we used 
the following search terms: (“colorectal neoplasms”) AND (“recurrence” OR “metastasis” OR “survival analysis” OR 
“mortality“ OR ”prognosis“) AND (“follow up“ OR “episode of care” OR “surveillance”) AND (“randomized controlled 
trials”). Trials that had already been completed but had not yet been published were also searched on the ClinicalTrials. 
gov website (NIH, United States). Manual searches were also performed on the reference lists of the relevant reviews to 
identify any new trials that met the inclusion criteria.

https://www.wjgnet.com/1948-5204/full/v15/i12/2197.htm
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Two reviewers independently conducted the literature search and trial screening, and conflicts between the reviewers 
were resolved via discussions. Studies were included if they met the following criteria: (1) Patients: All patients with non-
metastatic CRC who were treated with curative intent surgery; (2) Intervention: Intensive follow-up strategy; (3) Control: 
Conventional follow-up strategy; (4) Outcome: The study should report at least one outcome of overall survival, cancer-
specific survival, relapse-free survival, salvage surgery, recurrence, and interval recurrences; and (5) Study design: All 
included studies had to have an RCT design.

Data collection and quality assessment
The following data were independently collected from the included trials: First author’s name, publication year, region, 
sample size, mean age, proportion of males, tumor stage (Dukes’ stage A/B/C), tumor location (colon cancer/rectal 
cancer), treatments (curative intent surgery and subsequent adjuvant treatments), intervention, control, follow-up, and 
reported outcomes (overall survival, cancer-specific survival, relapse-free survival, salvage surgery, recurrence, and 
interval recurrences). The Cochrane risk of bias was used to assess methodological quality, including random sequence 
generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other biases[13]. Each item was defined as having a low, high, or an unclear risk of 
bias. Two reviewers independently performed the abstracted data and methodological quality assessments, and a third 
reviewer who referred to the original article settled inconsistent results.

Statistical analysis
The effects of intensive vs conventional follow-up strategies on survival and categorical data were assigned as hazard 
ratios (HR), relative risks (RR), and 95% confidence intervals (CI), and pooled analyses were performed using the 
random-effects model because it considers the underlying variations across the included trials[14,15]. Heterogeneity 
among the included trials was evaluated using I2 and Q statistics, and significant heterogeneity was defined as I2 > 50% or 
P < 0.10[16,17]. The stability of the pooled analyses were determined using sensitivity analysis through the sequential 
removal of a single trial[18]. Subgroup analyses of the investigated outcomes were performed based on sample size, mean 
age, proportion of males, tumor location, and follow-up duration, and the differences between subgroups were assessed 
using the interaction t-test, which assumes that the data distribution was normal[19]. Moreover, the ratio of HR (RHR) to 
RR (RRR) between the subgroups was assessed among patients without specific characteristics[20]. Funnel plots, Egger’s 
test, and Begg’s test were used to assess potential publication bias[21,22]. All reported P values for the pooled analyses 
were 2-sided, and the inspection level was 0.05. Statistical analyses were performed using the STATA software (version 
10.0; Stata Corporation, College Station, TX, United States).

RESULTS
Literature search and study selection
A total of 2671 articles were identified from the initial electronic search, and 1743 studies were retained after duplicate 
articles were removed. Subsequently, 1698 studies were excluded because they reported irrelevant topics, and the 
remaining 45 studies were retrieved for full-text evaluation. Reviewing the reference lists yielded two potentially eligible 
studies, and 46 articles were subjected to detailed evaluation. After this, 28 studies were excluded because they reported 
the same population (n = 15), did not have an RCT design (n = 9), or included cancers at other stages (n = 4). The 
remaining 18 RCTs were included in the final meta-analysis[23-40]. Details of the study selection process are shown in 
Figure 1.

Trials’ characteristics
Table 1 summarizes the baseline characteristics of the identified trials and patients involved. A total of 8533 patients with 
CRC were included from 18 RCTs, and the sample sizes ranged from 106 to 2509. Seventeen of the included trials were 
performed in Western countries, including Australia and European countries, whereas the remaining one trial was 
conducted in China. The follow-up duration ranged from 1.0-10.0 years. Details of the methodological quality of the 
included trials are listed in Table 2. Most of the included trials were of moderate to high quality, and three were of low 
quality.

Overall survival
Sixteen trials reported the effects of intensive vs conventional follow-up strategies on overall survival. There was no 
significant difference between intensive and conventional follow-up strategies for the improvement of overall survival 
(HR = 0.90; 95%CI: 0.81-1.01; P = 0.062; Figure 2A), and no evidence of heterogeneity was observed across the included 
trials (I2 = 0.0%; P = 0.643). Sensitivity analysis indicated that an intensive follow-up strategy might be associated with an 
improvement in overall survival compared to a conventional follow-up strategy (Supplementary material). Subgroup 
analyses found that intensive follow-up was superior to conventional follow-up in overall survival if the sample size was 
< 500, proportion of males was < 60.0%, and follow-up duration was ≥ 5.0 years (Table 3). There were no significant 
differences between subgroups when stratified by sample size (RHR = 1.19; 95%CI: 0.95-1.48; P = 0.135), mean age (RHR 
= 1.07; 95%CI: 0.84-1.35; P = 0.584), proportion of males (RHR = 1.11; 95%CI: 0.89-1.39; P = 0.339), tumor location (RHR = 
1.07; 95%CI: 0.84-1.36; P = 0.584), and follow-up (RHR = 0.86; 95%CI: 0.69-1.06; P = 0.163). No significant publication bias 
for overall survival was observed (P value for Egger’s test: 0.753; P value for Begg’s test: 0.558; Supplementary material).

https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
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Table 1 The baseline characteristics of included trials and recruited patients

Ref. Region Sample 
size

Age 
(yr)

Male 
(%)

Stage 
(A/B/C)

Tumor 
location 
(C/R)

Treatments Intervention Control
Follow-
up 
duration

Mäkelä et al
[23], 1995

Finland 106 66.0 49.1 (A/B/C) 
28/48/30

75/31 Radical resection denotes surgical 
removal of all macroscopic tumor tissue 
with microscopically evaluated clearance 
of the surgical margins

Flexible sigmoidoscopy with video imaging 
every 3 mo, colonoscopy at 3 mo, then annually. 
They also had ultrasound of the liver and 
primary site at 6 mo, then annually

Rigid sigmoidoscopy 
and barium enema annually

5.0 yr

Ohlsson et al
[24], 1995

Sweden 107 65.6 47.7 (A/B/C) 
19/47/41

71/36 Resection with curative intent and early 
postoperative colonoscopy

Performed at each visit were clinical exam, rigid 
proctosigmoidoscopy, CEA, alkaline 
phosphatase, gamma-glutaryl transferase, faecal 
haemoglobin, and CXR. Examination of 
anastomosis was performed at 9, 21, and 42 mo. 
Colonoscopy was performed at 3, 15, 30, and 60 
mo. CT of the pelvis was performed at 3, 6, 12, 
18, and 24 mo

Written instructions recommending that 
they leave faecal samples with the district 
nurse for examination every 3 mo during the 
first 2 yr then once a year. They contact the 
surgical department if they had any 
symptoms

5.5-8.8 yr

Kjeldsen et al
[25], 1997

Denmark 597 < 
76.0

54.6 (A/B/C) 
138/293/166

314/283 Radical primary surgery and no residual 
neoplasia was detected by complete 
colonoscopy or incomplete colonoscopy 
plus double-contrast barium enema, chest 
radiograph, histological examination of 
all resection margins in surgical 
specimens, biopsy of lesions, and 
inspection and palpation of the liver 
during surgery

Examinations at 6, 12, 18, 30, 36, 48, 60, 120, 150, 
and 180 mo after radical surgery (medical 
history, clinical examination, digital rectal 
examination, gynaecological examination, 
Haemoccult-II test, colonoscopy, CXR, 
haemoglobin level, erythrocyte sedimentation 
rate, and liver enzymes)

Examinations at 60, 120, and 180 mo 
(medical history, clinical examination, digital 
rectal examination, gynaecological 
examination, Haemoccult-II test, 
colonoscopy, CXR, haemoglobin level, 
erythrocyte sedimentation rate, and liver 
enzymes)

5.0-10.0 yr

Pietra et al
[26], 1998

Italy 207 63.3 53.6 (A/B/C) 
0/122/85

139/68 Curative resection defined as one in 
which no macroscopic tumor remained at 
the end of the operation and in which 
histopathologic examination of the 
operative specimen showed no tumor at 
the lines of resection

Examinations at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 
42, 48, 54, and 60 mo, then annually thereafter. 
There was clinical examination, ultrasound, 
CEA, and CXR at each visit. Annual CT of the 
liver and colonoscopy were performed

Examinations at 6 and 12 mo, then annually. 
At each visit, clinical examination, CEA, and 
ultrasound were performed. They had 
annual CXR, yearly colonoscopy, and CT 
scan

5.0 yr

Schoemaker 
et al[27], 1998

Australia 325 68.0 63.7 (A/B/C) 
71/153/101

238/87 Curative resection Yearly CXR, CT of the liver, and colonoscopy Clinical grounds or after screening test 
abnormality, and at 5 yr of follow-up, to 
exclude a reservoir of undetected 
recurrences

5.0 yr

Secco et al
[28], 2002

Italy 337 65.1 48.4 (A or B/C) 
201/136

NA Putative curative surgery alone, which 
defined as macriscopic excision of the 
primary tumour, peritumoral tissues and 
palpable locoregional lymph nodes

Clinic visits and serum CEA, abdomen/pelvic 
US scans, and CXR. Participants with rectal 
carcinoma had rigid sigmoidoscopy and CXR

Minimal follow-up programme performed 
by physicians

4.0-5.1 yr

Curative resection, complete colon study 
was achieved with colonoscopy to 
determine the presence of synchronous 
lesions. If colonoscopy of the entire bowel 
could not be performed before resection, 
a postoperative colonoscopy was 

Rodríguez-
Moranta et al
[29], 2006

Spain 259 68.0 62.2 (II/III) 
157/102

194/65 Seen with history, examination, and bloods 
(including CEA) at 3, 6, 9, 12, 15, 18, 21, 24, 27, 
30, 33, 36, 39, 42, 45, 48, 51, 54, 57, and 60 mo; 
US/CT at 6, 12, 18, 24, 30, 36, 42, 48, and 56 mo; 
CXR and colonoscopy at 12, 24, 36, 48, and 56 
mo

Seen with history, examination, and bloods 
(including CEA) at 3, 6, 9, 12, 15, 18, 21, 24, 
27, 30, 33, 36, 39, 42, 45, 48, 51, 54, 57, and 60 
mo

4.0 yr
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warranted

Wattchow et 
al[30], 2006

Australia 203 NA 53.6 (A/B/C) 
47/96/60

203/0 Curative surgery and completion of 
postsurgical chemotherapy

Every 3 mo for the first 2 yr postoperatively, 
then every 6 mo for the next 3 yr

Asking a list of set questions about 
symptoms, physical examination, annual 
faecal occult blood testing, and colonoscopy 
every 3 yr

2.0 yr

Sobhani et al
[31], 2008

France 130 60.1 NA IV: 17 75/55 Curative surgery, compliance with 
adjuvant chemotherapy, and the absence 
of disease progression and/or missed 
synchronous metastases were checked

PET performed at 9 and 15 mo and conventional 
follow-up

Conventional follow-up 2.0 yr

Wang et al
[32], 2009

China 326 54.5 54.3 (A/B/C) 
100/133/93

171/155 Curative surgery, which was defined as 
one in which no macroscopic tumor 
remained at the end of the operation and 
in which histopathologic examination of 
the operative specimen demonstrated no 
tumor at the margins of resection

Colonoscopy at each visit Colonoscopy at 6 mo, 30 mo, and 60 mo 
from randomisation

5.3-6.5 yr

Strand et al
[33], 2011

Sweden 110 68.0 53.6 (I/II/III/IV) 
26/40/36/8

0/110 Curative surgery, all patients had a first 
postoperative visit with the surgeon for 
information on histology and adjuvant 
therapy. Consecutive patients were asked 
to participate at various postoperative 
controls starting after the adjuvant 
chemotherapy was terminated

Surgeon-led follow-up Nurse-led follow-up 5.0 yr

Augestad et 
al[34], 2013

Norway 110 65.4 59.1 (A/B/C) 
24/55/32

110/0 Surgery and received postsurgical 
adjuvant chemotherapy

Surgeon follow-up GP follow-up 2.0 yr

Primrose et al
[35], 2014

United 
Kingdom

1202 69.2 61.2 (A/B/C) 
254/553/354

811/359 Curative surgery, and adjuvant treatment 
if indicated, with no evidence of residual 
disease on investigation

CEA testing every 3 mo for 2 yr, then every 6 mo 
for 3 yr with a single CT scan of the 
chest/abdomen/pelvis if requested at study 
entry by clinician; CT scan of the chest/ 
abdomen/pelvis every 6 mo for 2 yr, then 
annually for 3 yr, plus colonoscopy at 2 yr; CEA 
and CT follow-up: Both blood and imaging as 
above, plus colonoscopy at 2 yr

No scheduled follow-up except a single CT 
scan of the chest/ abdomen/pelvis if 
requested at study entry by a clinician

3.4 yr

Treasure et al
[36], 2014

United 
Kingdom

216 63.0 59.3 (A/B/C) 
10/95/101

NA Curative resection for adenocarcinoma of 
the colon or rectum and who were fit and 
willing to adhere to the postoperative 
monitoring routine

CEA rise triggered the “second-look” surgery, 
with intention to remove any recurrence 
discovered

Conventional follow-up 2.0 yr

Rosati et al
[37], 2016

Italy 1228 63.9 60.7 (B/C) 
617/611

933/295 Curative intent, with adjuvant radio-
chemotherapy if indicated

4, 8, 12, 16, 20, 24, 30, 36, 42, 48, and 60 monthly 
office visits and history and clinical 
examination, FBC, CEA, and CA 19-9; 
colonoscopy and CXR at 12, 24, 36, 48, and 60 
mo; liver US at 4, 8, 12, 16, 24, 36, 48, and 60 mo; 
for rectal participants, pelvic CT at 4, 12, 24, and 
48 mo

4, 8, 12, 16, 20, 24, 30, 42, 48, and 60 monthly 
office visits, including history, examination, 
and CEA; colonoscopy at 12 and 48 mo; liver 
US at 4 and 16 mo; rectal cancer participants 
in addition had rectoscopy at 4 mo, CXR at 
12 mo, and liver US at 8 and 16 mo. A single 
pelvic CT was allowed if a radiation 
oncologist required it as baseline following 
adjuvant treatment

5.2 yr
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Wille-Jør-
gensen et al
[38], 2018

Denmark 
and 
Uruguay

2509 64.9 55.0 (II/III) 
1352/1157

884/1625 Curative intent, with adjuvant treatment 
if indicated, a colon and rectum free of 
neoplasia verified by perioperative 
barium enema or a colonoscopy within 3 
mo after surgery

Multislice contrast-enhanced CT of the thorax 
and abdomen and CEA at 6, 12, 18, 24, and 36 
mo after surgery

Multislice contrast-enhanced CT of the 
thorax and abdomen and CEA at 12 and 36 
mo after surgery

3.0 yr

Rahr et al
[39], 2019

Denmark 196 70.0 63.8 (I/II/III/IV) 
47/66/49/16

140/56 Elective surgery for verified or suspected 
CRC were screened by a study nurse for 
cardiopulmonary comorbidity at the 
preoperative visit

Routine follow-up with one extra medical visit 
and additional visits to the Cardiology and 
Respiratory Medicine Clinics 1 and 3 mo 
postoperatively

Routine follow-up 1.0 yr

Monteil et al
[40], 2021

France 365 65.0 54.8 (I/II/III/IV) 
2/176/185/2

290/75 Curative surgery, with adjuvant 
treatment if indicated

PET/CT and conventional follow-up every 3 mo CEA, liver echography, and alternated 
between lung radiography and CT scans

3.0 yr

PET-CT: Positron emission tomography/computed tomography; CXR: Chest radiography; CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen; US: Ultrasound.

Cancer-specific survival
Ten trials reported the effects of intensive vs conventional follow-up strategies on cancer-specific survival. No significant 
difference between intensive and conventional follow-up strategies was observed for improvement in cancer-specific 
survival (HR = 0.98; 95%CI: 0.83-1.15; P = 0.785; Figure 2B), and unimportant heterogeneity was detected across the 
included trials (I2 = 17.8%; P = 0.280). Sensitivity analysis indicated that the pooled analyses were stable and not altered 
by the sequential removal of a single trial (Supplementary material). The results of the subgroup analyses were consistent 
with those of the overall analysis in all subgroups (Table 3). Moreover, the differences between subgroups were not 
statistically significant when stratified by sample size (RHR = 1.04; 95%CI: 0.70-1.54; P = 0.837), mean age (RHR = 1.23; 
95%CI: 0.84-1.79; P = 0.281), proportion of males (RHR = 1.09; 95%CI: 0.75-1.60; P = 0.645), tumor location (RHR = 1.35; 
95%CI: 0.89-2.05; P = 0.155), and follow-up (RHR = 0.82; 95%CI: 0.58-1.15; P = 0.245). There was no significant publication 
bias for cancer-specific survival (P value for Egger’s test: 0.492; P value for Begg’s test: 0.858; Supplementary material).

Relapse-free survival
Fifteen trials reported the effects of intensive vs conventional follow-up strategies on relapse-free survival. There was no 
significant difference between intensive and conventional follow-up strategies for improvement in relapse-free survival 
(HR = 1.08; 95%CI: 0.97-1.22; P = 0.168; Figure 2C), and non-significant heterogeneity was observed among the included 
trials (I2 = 10.8%; P = 0.333). Sensitivity analysis revealed that intensive follow-up may be associated with poor relapse-
free survival after excluding the trial performed by Schoemaker et al[27] (Supplementary material). Subgroup analyses 
indicated that an intensive follow-up strategy was associated with poor relapse-free survival when the sample size was ≥ 
500 (Table 3). Furthermore, there were no significant differences between subgroups when stratified by sample size (RHR 
= 1.24; 95%CI: 0.99-1.56; P = 0.063), mean age (RHR = 1.02; 95%CI: 0.79-1.31; P = 0.885), proportion of males (RHR = 1.08; 
95%CI: 0.80-1.45; P = 0.633), tumor location (RHR = 1.04; 95%CI: 0.81-1.32; P = 0.778), and follow-up (RHR = 0.87; 95%CI: 
0.68-1.11; P = 0.265). No significant publication bias was observed for relapse-free survival (P value for Egger’s test: 0.189; 
P value for Begg’s test: 0.621; Supplementary material).

Salvage surgery
Fourteen trials reported the effects of intensive vs conventional follow-up strategies on the incidence of salvage surgery. 
We noted that intensive follow-up significantly increased the risk of salvage surgery compared to a conventional follow-

https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
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Table 2 The methodological quality assessment of included trials

Ref.
Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants and 
personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome data

Selective 
reporting

Other 
bias

Mäkelä et al[23], 
1995

Unclear Unclear Low risk Unclear Low risk Unclear Unclear

Ohlsson et al[24], 
1995

Unclear Unclear Low risk Unclear Low risk Unclear Unclear

Kjeldsen et al[25], 
1997

Unclear Unclear Unclear High risk Low risk Unclear Unclear

Pietra et al[26], 
1998

Unclear Unclear Low risk Unclear High risk Unclear Unclear

Schoemaker et al
[27], 1998

Low risk High risk Low risk Low risk Low risk Unclear Unclear

Secco et al[28], 
2002

Unclear Unclear Unclear Low risk Unclear Unclear Unclear

Rodríguez-
Moranta et al[29], 
2006

Low risk Low risk Unclear Unclear Low risk Unclear Unclear

Wattchow et al
[30], 2006

Low risk Low risk Low risk Low risk Low risk Unclear Unclear

Sobhani et al[31], 
2008

Unclear Unclear Low risk Low risk Low risk Unclear Unclear

Wang et al[32], 
2009

Unclear Unclear High risk High risk Unclear Unclear Unclear

Strand et al[33], 
2011

Unclear Unclear Low risk Low risk Unclear Unclear Unclear

Augestad et al
[34], 2013

Unclear Low risk Low risk Low risk Low risk Unclear Unclear

Primrose et al[35], 
2014

Low risk Low risk Unclear Low risk Low risk Low risk Unclear

Treasure et al[36], 
2014

Low risk Low risk Low risk Low risk Unclear Low risk Low risk

Rosati et al[37], 
2016

Unclear Unclear Unclear Unclear Low risk Unclear Unclear

Wille-Jørgensen et 
al[38], 2018

Low risk Low risk Low risk Low risk Unclear Low risk Low risk

Rahr et al[39], 2019 Low risk Unclear Unclear Unclear Low risk Unclear Unclear

Monteil et al[40], 
2021

Unclear Unclear Unclear Low risk Low risk Unclear Unclear

up strategy (RR = 1.99; 95%CI: 1.57-2.53; P < 0.001; Figure 2D), and unimportant heterogeneity was detected among the 
included trials (I2 = 25.0%; P = 0.184). The pooled analyses for the incidence of salvage surgery were robust and not 
altered by any specific trial (Supplementary material). The results of the subgroup analyses were consistent with those of 
the overall analysis, and significant differences between the intensive and conventional follow-up strategies were 
observed in all subgroups (Table 3). We noted that intensive vs conventional follow-up strategies on salvage surgery in 
tumor location [colon/rectal ratio (C/R)] ≥ 70.0% was lower than tumor location (C/R) < 70.0% (RRR = 0.54; 95%CI: 0.31-
0.92; P = 0.022). There was no significant publication bias for salvage surgery (P value for Egger’s test: 0.419; P value for 
Begg’s test: 1.000; Supplementary material).

Recurrence
Fifteen trials reported the effects of intensive vs conventional follow-up strategies on the risk of recurrence. We noted that 
the intensive follow-up strategy had no significant effect on the risk of recurrence (RR = 1.13; 95%CI: 0.98-1.31; P = 0.094; 
Figure 2E), and significant heterogeneity was observed across the included trials (I2 = 51.6%; P = 0.011). Sensitivity 
analysis indicated that the intensive follow-up strategy was associated with an elevated risk of recurrence when the trial 
conducted by Secco et al[28] was excluded (Supplementary material). Subgroup analyses suggested that the intensive 
follow-up strategy was associated with an increased risk of recurrence when the sample size was ≥ 500 and the mean age 
was < 65.0 years (Table 3). Moreover, the differences between subgroups were not statistically significant when stratified 

https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
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Table 3 Subgroup analyses for investigated outcomes

Outcomes Factors Subgroups No. of 
studies

HR or RR and 
95%CI

P 
value 

I2

(%)
P value 
for I2

Interaction P 
value

RHR or RRR 
with 95%CI

≥ 500 4 0.96 (0.84-1.10) 0.579 0.0 0.581Sample size

< 500 12 0.81 (0.68-0.97) 0.019 0.0 0.693

0.135 1.19 (0.95-1.48)

≥ 65.0 9 0.94 (0.78-1.14) 0.538 0.0 0.563Mean age (yr)

< 65.0 6 0.88 (0.77-1.02) 0.082 7.7 0.367

0.584 1.07 (0.84-1.35)

≥ 60.0 5 0.97 (0.81-1.16) 0.758 0.0 0.503Male (%)

< 60.0 11 0.87 (0.76-0.99) 0.035 0.0 0.620

0.339 1.11 (0.89-1.39)

≥ 70.0 8 0.93 (0.78-1.11) 0.429 0.0 0.742Tumor location 
(C/R)

< 70.0 7 0.87 (0.74-1.02) 0.082 16.9 0.301

0.584 1.07 (0.84-1.36)

≥ 5.0 8 0.84 (0.72-0.97) 0.017 0.0 0.635

Overall survival

Follow-up (yr)

< 5.0 8 0.98 (0.84-1.15) 0.837 0.0 0.658

0.163 0.86 (0.69-1.06)

≥ 500 4 0.99 (0.83-1.17) 0.866 0.0 0.804Sample size

< 500 6 0.95 (0.67-1.36) 0.782 49.4 0.079

0.837 1.04 (0.70-1.54)

≥ 65.0 5 1.12 (0.80-1.57) 0.515 29.3 0.226Mean age (yr)

< 65.0 5 0.91 (0.77-1.08) 0.276 0.0 0.510

0.281 1.23 (0.84-1.79)

≥ 60.0 3 1.05 (0.77-1.43) 0.750 0.0 0.603Male (%)

< 60.0 7 0.96 (0.77-1.20) 0.732 37.6 0.142

0.645 1.09 (0.75-1.60)

≥ 70.0 4 1.23 (0.84-1.81) 0.281 23.9 0.268Tumor location 
(C/R)

< 70.0 6 0.91 (0.78-1.07) 0.254 0.0 0.560

0.155 1.35 (0.89-2.05)

≥ 5.0 5 0.89 (0.72-1.10) 0.288 0.0 0.464

Cancer-specific 
survival

Follow-up (yr)

< 5.0 5 1.09 (0.83-1.42) 0.552 35.9 0.182

0.245 0.82 (0.58-1.15)

≥ 500 4 1.18 (1.02-1.36) 0.025 18.8 0.296Sample size

< 500 11 0.95 (0.80-1.14) 0.589 0.0 0.583

0.063 1.24 (0.99-1.56)

≥ 65.0 9 1.10 (0.89-1.36) 0.388 23.5 0.234Mean age (yr)

< 65.0 6 1.08 (0.95-1.23) 0.220 3.6 0.394

0.885 1.02 (0.79-1.31)

≥ 60.0 4 1.14 (0.87-1.50) 0.340 51.1 0.105Male (%)

< 60.0 11 1.06 (0.94-1.20) 0.364 0.0 0.569

0.633 1.08 (0.80-1.45)

≥ 70.0 6 1.15 (0.94-1.40) 0.171 9.5 0.355Tumor location 
(C/R)

< 70.0 7 1.11 (0.96-1.28) 0.159 6.2 0.380

0.778 1.04 (0.81-1.32)

≥ 5.0 8 1.01 (0.86-1.18) 0.917 0.0 0.597

Relapse-free 
survival

Follow-up (yr)

< 5.0 7 1.16 (0.96-1.39) 0.120 27.9 0.215

0.265 0.87 (0.68-1.11)

≥ 500 3 2.12 (1.05-4.29) 0.036 71.7 0.029Sample size

< 500 11 2.11 (1.67-2.66) < 0.001 0.0 0.567

0.990 1.00 (0.48-2.11)

≥ 65.0 8 1.95 (1.42-2.69) < 0.001 0.0 0.910Mean age (yr)

< 65.0 6 2.20 (1.38-3.50) 0.001 65.8 0.012

0.675 0.89 (0.50-1.56)

≥ 60.0 4 1.64 (1.06-2.53) 0.026 38.1 0.183Male (%)

< 60.0 9 2.19 (1.72-2.80) < 0.001 0.0 0.726

0.256 0.75 (0.45-1.23)

≥ 70.0 6 1.44 (1.08-1.91) 0.013 0.0 0.759Tumor location 
(C/R)

< 70.0 6 2.69 (1.71-4.24) < 0.001 24.0 0.254

0.022 0.54 (0.31-0.92)

≥ 5.0 7 1.69 (1.15-2.48) 0.007 28.2 0.213

Salvage surgery

Follow-up (yr)

< 5.0 7 2.30 (1.79-2.97) < 0.001 0.0 0.591

0.189 0.73 (0.46-1.16)
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≥ 500 4 1.38 (1.00-1.89) 0.048 82.1 0.001Sample size

< 500 11 1.01 (0.89-1.15) 0.891 0.0 0.585

0.075 1.37 (0.97-1.93)

≥ 65.0 8 1.23 (0.87-1.73) 0.238 75.4 < 0.001Mean age (yr)

< 65.0 6 1.13 (1.01-1.26) 0.027 0.0 0.808

0.645 1.09 (0.76-1.56)

≥ 60.0 3 1.54 (0.71-3.30) 0.273 89.7 < 0.001Male (%)

< 60.0 11 1.07 (0.97-1.18) 0.185 0.0 0.618

0.357 1.44 (0.66-3.12)

≥ 70.0 6 1.13 (0.96-1.32) 0.130 0.0 0.461Tumor location 
(C/R)

< 70.0 8 1.23 (0.95-1.59) 0.116 64.3 0.006

0.583 0.92 (0.68-1.24)

≥ 5.0 8 1.09 (0.95-1.25) 0.223 0.0 0.715

Recurrence

Follow-up (yr)

< 5.0 7 1.28 (0.97-1.71) 0.085 76.3 < 0.001

0.317 0.85 (0.62-1.17)

≥ 500 3 0.74 (0.45-1.20) 0.221 74.8 0.019Sample size

< 500 4 0.42 (0.30-0.58) < 0.001 0.0 0.557

0.060 1.76 (0.98-3.18)

≥ 65.0 3 0.45 (0.34-0.60) < 0.001 0.0 0.423Mean age (yr)

< 65.0 4 0.69 (0.40-1.19) 0.182 62.0 0.048

0.173 0.65 (0.35-1.21)

≥ 60.0 2 0.77 (0.32-1.85) 0.558 86.9 0.006Male (%)

< 60.0 4 0.52 (0.35-0.77) 0.001 47.6 0.126

0.424 1.48 (0.57-3.87)

≥ 70.0 2 1.12 (0.75-1.67) 0.586 0.0 0.435Tumor location 
(C/R)

< 70.0 4 0.57 (0.43-0.75) < 0.001 0.0 0.412

0.007 1.96 (1.21-3.20)

≥ 5.0 4 0.76 (0.47-1.23) 0.265 57.1 0.072

Interval 
recurrence

Follow-up (yr)

< 5.0 3 0.43 (0.33-0.57) < 0.001 0.0 0.795

0.044 1.77 (1.02-3.07)

CI: Confidence interval; HR: Hazard ratio; RR: Risk ratio; RHR: Ratio of hazard ratio; RRR: Ratio of risk ratio; C/R: Colon/rectal ratio.

Figure 1 The PRISMA flowchart for the literature search and study selection process. RCT: Randomized controlled trial.
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Figure 2 Intensive vs conventional follow-up strategies. A: On overall survival; B: On cancer-specific survival; C: On relapse-free survival; D: On salvage 
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surgery; E: On recurrence; F: On interval recurrences. HR: Hazard ratio; CI: Confidence interval; RR: Risk ratio.

by sample size (RRR = 1.37; 95%CI: 0.970-1.93; P = 0.075), mean age (RRR = 1.09; 95%CI: 0.76-1.56; P = 0.645), proportion 
of males (RRR = 1.44; 95%CI: 0.66-3.12; P = 0.357), tumor location (RRR = 0.92; 95%CI: 0.68-1.24; P = 0.583), and follow-up 
(RRR = 0.85; 95%CI: 0.62-1.17; P = 0.317). No significant publication bias was observed for recurrence (P value for Egger’s 
test: 0.492; P value for Begg’s test: 0.843; Supplementary material).

Interval recurrence
Seven trials reported the effects of intensive vs conventional follow-up strategies on the risk of interval recurrence. We 
noted that intensive follow-up significantly reduced the risk of interval recurrence compared to conventional follow-up 
(RR = 0.59; 95%CI: 0.41-0.86; P = 0.006; Figure 2F), and significant heterogeneity was observed among the included trials (
I2 = 66.1%; P = 0.007). The sensitivity analysis indicated that the pooled analyses were not altered when a particular trial 
was excluded (Supplementary material). Subgroup analyses found that intensive vs conventional follow-up strategies 
were associated with a lower risk of interval recurrence if the sample size was < 500, mean age was ≥ 65.0, proportion of 
males was < 60.0, tumor location (C/R) was < 70.0%, and follow-up duration was < 5.0 years (Table 3). Moreover, the 
effects of intensive vs conventional follow-up strategies on the risk of interval recurrence in the subgroups of tumor 
location (C/R) ≥ 70.0% (RRR = 1.96; 95%CI: 1.21-3.20; P = 0.007) and follow-up ≥ 5.0 years (RRR = 1.77; 95%CI: 1.02-3.07; P 
= 0.044) were greater than the corresponding subgroups. There was no significant publication bias for interval recurrence 
(P value for Egger’s test: 0.790; P value for Begg’s test: 1.000; Supplementary material).

DISCUSSION
Numerous studies have addressed the effects of intensive vs conventional follow-up strategies on the prognosis of 
patients with non-metastatic CRC treated with curative intent. However, the study results are controversial. This compre-
hensive quantitative meta-analysis identified 8533 patients with CRC from 18 RCTs, and the patients had a broad range of 
characteristics. We noted that the intensive follow-up strategy was not associated with overall survival, cancer-specific 
survival, relapse-free survival, or recurrence compared to the conventional follow-up strategy. Moreover, intensive 
follow-up significantly increased the incidence of salvage surgery and reduced the risk of interval recurrence compared 
to conventional follow-up. Finally, the effects of intensive and conventional follow-up strategies differed when stratified 
by tumor location and follow-up duration.

Several systematic reviews and meta-analyses have compared the effects of intensive treatment with those of conven-
tional follow-up strategies on the prognosis of patients with non-metastatic CRC treated with curative intent[11,41]. The 
results of a meta-analysis conducted by Zhao et al[11] were consistent with those of a Cochrane review, and the invest-
igated outcomes were similar. A Cochrane review found that using an intensive follow-up strategy did not affect survival 
outcomes but could increase the incidence of salvage surgeries[41]. Although the analysis in this study was compre-
hensive, stratified analyses were performed only through the intervention protocol and according to the study or patient 
characteristics. Therefore, this study was conducted to compare the effects of intensive vs conventional follow-up 
strategies on the prognosis of non-metastatic CRC treated with curative intent by examining published RCTs.

The summary result did not reveal significant differences between intensive and conventional follow-up strategies for 
improving overall survival. However, this pooled analysis was not stable, and the sensitivity analysis revealed a 
potentially beneficial role of intensive follow-up on overall survival. A potential reason for this could be that recurrent 
cases can be detected early and further curative procedures can be applied among patients who receive an intensive 
follow-up strategy, which could improve the prognosis of CRC after curative surgery. Moreover, patients in the intensive 
follow-up group showed an increased frequency of clinic visits, tests, and examinations, which could improve CRC 
prognosis[41]. Furthermore, subgroup analyses found that the beneficial effects of intensive follow-up strategies were 
mainly relevant when the sample size was < 500, proportion of males was < 60.0%, and follow-up duration was ≥ 5.0, 
which could be explained by the fact that patients with rectal cancer need longer follow-up durations owing to the 
delayed liver and lung recurrences[42]. Finally, intensive follow-up might be superior to conventional follow-up among 
women because the difference in lifestyle and compliance among women was better than that among men.

There were no significant differences between the intensive and conventional follow-up strategies in improving cancer-
specific survival and relapse-free survival. These results were consistent with those of prior meta-analyses[11,41]. 
However, subgroup analyses found that intensive follow-up was associated with poor relapse-free survival when the 
sample size was ≥ 500 patients. The potential reason for this could be the large sample size with sufficient power to detect 
potential differences, and that residual cancer could be detected through a more thorough follow-up[43]. Similar to a 
previous meta-analysis, we noted that intensive follow-up significantly increased the incidence of salvage surgery, which 
could be explained by the early detection of recurrent cases, and salvage surgery was performed for patients with 
recurring issues.

Although there was no significant difference in the risk of recurrence between groups, intensive follow-up significantly 
reduced the risk of interval recurrence. Moreover, intensive follow-up was associated with an increased risk of recurrence 
when the sample size was ≥ 500 and the mean age was < 65.0 years. A potential reason for the risk of recurrence could be 
that the recurrent cases were consistent and could be affected by the colon/rectal cancer ratio[42]. Moreover, most 
recurrent cases occurred within 36 mo, and the mean age of the patients was significantly related to the tumor stage[44]. 

https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10750e1b-f14d-47c7-be1b-e7b84259f0bf/WJGO-15-2197-supplementary-material.pdf
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Interval recurrence was defined as symptomatic recurrence, and recurrent presentation in asymptomatic cases was 
observed when using an intensive follow-up strategy.

This study has several limitations. First, the disease status and treatments across the included trials were different, 
which could affect the prognosis of CRC after curative surgery. Second, the follow-up protocol differed among the 
included trials, and the frequency and content of examination could affect the prognosis of CRC. Third, there was 
substantial heterogeneity for recurrence and interval recurrence, which was not fully explained using sensitivity and 
subgroup analyses. Finally, there are inherent limitations of meta-analyses on published articles, including inevitable 
publication bias and restricted detailed analyses.

CONCLUSION
This study found that an intensive follow-up strategy might have beneficial effects on the overall survival of patients with 
CRC. Moreover, an intensive follow-up strategy was associated with an increased incidence of salvage surgery and a 
reduced risk of interval survival. Further large-scale studies should be performed to explore suitable follow-up plans 
after CRC surgery.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most frequently diagnosed cancer, and the prognosis of CRC at early stage was 
relative better. The frequency and content of follow-up strategies play an important role on the prognosis of CRC, and 
intensive follow-up may improve the prognosis of CRC.

Research motivation
Assess the effects of intensive with conventional follow-up strategies for CRC patients after curative intention using a 
meta-analysis.

Research objectives
This study aimed to compare the overall survival, cancer-specific survival, relapse-free survival, salvage surgery, 
recurrence, and interval recurrences between intensive and conventional follow-up strategies for non-metastatic CRC 
treated with curative intent.

Research methods
The eligible trials were identified from PubMed, Embase, and the Cochrane Library databases from inception until April 
2023. All of pooled analyses were calculated using the random-effects model, which considering the underlying varies 
across included trials.

Research results
We noted intensive follow-up play a beneficial effects in improving overall survival, and interval recurrence as compared 
with conventional follow-up. Moreover, the incidence of salvage surgery was significantly increased for patients received 
intensive follow-up.

Research conclusions
This study found intensive follow-up was superior than conventional follow-up for CRC patients after curative intention, 
which should introduce in clinical practice.

Research perspectives
The results of this study based on randomized controlled trials, and the evidence level for pooled conclusions was high.
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Abstract
BACKGROUND 
There is a lack of robust prognostic markers for upper gastrointestinal (GI) tract 
cancers, including esophageal, gastric, and esophagogastric junction cancers. T 
cell immunoglobulin and mucin-domain containing-3 (TIM3) plays a key 
immunomodulatory role and is linked to the prognosis of various cancers. 
However, the significance of TIM3 in upper GI tract tumors is still uncertain.

AIM 
To investigate the prognostic value of TIM3 expression in upper GI tract tumors.

METHODS 
A literature search was conducted on the PubMed, Embase, and Web of Science 
databases for relevant studies published until June 2023. After screening and 
quality assessment, studies that met the criteria were included in the meta-
analysis. Statistical methods were used for the pooled analysis to assess the 
association of TIM3 expression in upper GI tract tumors with the prognosis and 
clinicopathological parameters. The results were reported with the hazard ratio 
(HR) and 95% confidence interval (CI).

RESULTS 
Nine studies involving 2556 patients with upper GI tract cancer were included. 
High TIM3 expression was associated with a worse prognosis in upper GI tract 
cancer (HR: 1.17, 95%CI: 1.01-1.36). Positive expression of TIM3 in gastric cancer 
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was correlated with the T and N stage, but the difference was not statistically significant. However, TIM3 overex-
pression was significantly correlated with the TNM stage (odds ratio: 1.21, 95%CI: 0.63-2.33; P < 0.05). TIM3 
expression showed no association with the other clinicopathological parameters.

CONCLUSION 
High expression of TIM3 in the upper GI tract cancer is associated with a worse prognosis and advanced T or N 
stages, indicating its potential value as a prognostic biomarker. These findings may provide a basis for the person-
alized treatment of upper GI tract cancers.

Key Words: Immune checkpoint; T cell immunoglobulin-3; Upper gastrointestinal tract cancer; Overall survival; 
Clinicopathological features

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Immune checkpoint receptor inhibitors have transformed cancer treatment in a wide range of tumor types, and T 
cell immunoglobulin and mucin-domain containing-3 (TIM3) is one of these immune checkpoint receptors. The study 
initially evaluated the survival-prognostic effect of TIM3 in upper gastrointestinal tract tumors by conducting a meta-
analysis, aggregating data from several independent studies, and providing the latest comprehensive insights into the field. 
We believe that the results of this study will further advance immunotherapy and provide some value to future research.
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INTRODUCTION
The high incidence of cancer is a major public health concern worldwide[1]. An analysis of cancer statistics in 2022 
revealed a declining trend in the incidence and mortality rates of malignant tumors in the United States[2]. However, 
upper gastrointestinal (GI) tract tumors, including esophageal cancer, gastric cancer, and esophagogastric junction cancer, 
continue to pose a serious threat to health. Gastric cancer is the fifth most common cancer worldwide, and the fourth 
highest contributor to cancer-associated mortality. Worldwide, esophageal cancer ranks seventh in terms of incidence and 
sixth in terms of mortality[3].

Recent data have suggested a gradual decrease in the incidence of gastric cancer in China. However, it remains the 
fourth most commonly occurring cancer and the third most common cause of cancer-associated mortality in China, 
whereas esophageal cancer is among the top five causes of cancer-related deaths[4].

A diverse range of treatment methods are presently available for upper GI tract tumors. In addition to traditional 
treatments (surgery, chemotherapy, and radiotherapy), targeted therapy, immunotherapy, and combination therapy have 
exhibited promising results in certain subsets of patients. However, despite these novel therapeutic approaches, the 
prognosis of patients with middle- and advanced-stage upper GI tract tumors remains unsatisfactory. In recent years, 
immunotherapy using immune checkpoint inhibitors has transformed the treatment landscape for various types of 
cancers. Combination therapy containing immunotherapy has been the first-line treatment for advanced upper GI tract 
tumors. Approximately 15%-20% of patients with gastric adenocarcinoma overexpress human epidermal growth factor 
receptor 2 (HER2). While trastuzumab was once favored for treating HER2-positive advanced gastric cancer, the 
DESTINY-Gastric01 study highlighted trastuzumab deruxtecan as a superior option[5]. The MOUSEION series indicates 
that immunotherapy benefits both men and women, but women may show a reduced response to monotherapy[6]. 
Moreover, combining two immune checkpoint inhibitors yields better outcomes, and while not all gastric cancer patients 
show a positive response, those with high microsatellite instability or Epstein-Barr virus positivity exhibit a strong 
response to pembrolizumab[7]. The synergy of chemotherapy and immunotherapy, especially targeting the DNA damage 
response pathway, offers promising prospects in gastric cancer treatment[8]. Furthermore, immune checkpoints represent 
a contemporary research hotspot among prognostic markers.

Immune checkpoints are inhibitory molecules that can modulate the immune system to reduce unwanted autoimmune 
responses, thereby helping maintain self-tolerance and regulating the timing of physiological immune responses in 
peripheral tissues[9]. In the cancer microenvironment, T lymphocytes play a central role in cell-mediated cytotoxicity. 
Activated T cells express inhibitory receptors, such as cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and 
programmed cell death protein 1 (PD-1). Cancer cells express ligands, such as programmed death-ligand 1 (PD-L1), 
which can combine with PD-1 and further weaken the antitumor effects of T cells[10,11]. The blockade of immune 
checkpoints can have powerful and durable antitumor effects.
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https://dx.doi.org/10.4251/wjgo.v15.i12.2212


Yan JJ et al. TIM3 prognosis in upper gastrointestinal tumors

WJGO https://www.wjgnet.com 2214 December 15, 2023 Volume 15 Issue 12

In March 2011, the United States Food and Drug Administration approved ipilimumab, a monoclonal CTLA-4 
antibody, for the treatment of patients with late-stage melanoma[12]. PD-1/PD-L1 blockers are among the most 
successful checkpoint inhibitors[13]. PD-1 or PD-L1 inhibitors have been approved as first- or second-line treatment for 
several cancers, such as non-small cell lung cancer, melanoma, and gastric cancer[14]. Therefore, immune checkpoint 
inhibitors are presently an important component of comprehensive cancer therapy.

At present, the most commonly used immune checkpoint molecular targets are PD-1, CTLA-4, lymphocyte activation 
gene-3 (LAG-3), and T cell immunoglobulin-3 (TIM3). Among these, TIM3, also referred to as hepatitis A virus-cell 
receptor 2, is a transmembrane protein that negatively regulates type 1 immunity and plays an important regulatory role 
in carcinogenesis and development[15]. This suppresses the activity of T cells and other immune cells by binding to its 
ligand galectin-9 (Gal-9), thereby regulating the intensity and duration of the immune response[16].

Recent studies have demonstrated high TIM3 expression in upper GI tract tumor tissues, and its close association with 
overall survival (OS). For example, studies have reported a correlation between TIM3 expression level and the prognosis 
of gastric[17-20] and esophageal[21-25] cancers. However, the prognostic value of TIM3 in gastroesophageal junction 
cancer has not been reported. The results suggest the important role of TIM3 in these tumors.

Therefore, a meta-analysis was conducted to comprehensively assess the relationship between TIM3 expression level 
and the prognosis and clinicopathological parameters of upper GI tract tumors.

MATERIALS AND METHODS
Search strategy and study selection
A literature search was performed in the PubMed, Web of Science, and Embase databases for studies published as of June 
30, 2023. The keywords used were “TIM3,” “gastric cancer,” and “esophageal cancer.” No studies have investigated TIM3 
expression in gastroesophageal junction cancer. In addition, to prevent the omission of relevant literature, especially 
focused literature, we used a new tool, Reference Citation Analysis (https://www.referencecitationanalysis.com), to 
analyze the articles. Next, a systematic approach was used to select eligible studies and extract relevant data. The 
reference lists of the selected articles were screened to identify additional studies that met the criteria for inclusion in the 
present meta-analysis. Only publicly available published data were used for the present study, precluding any concerns 
related to personal privacy or ethical issues. The present meta-analysis is registered on the PROSPERO website (https://
www.crd.york.ac.uk/PROSPERO/; Registration No. CRD42023438756).

Study selection criteria
Studies that met the following criteria were eligible for inclusion: (1) Case-control studies, cohort studies, or clinical trials; 
(2) patients with upper GI cancer; (3) diagnosis confirmed by histopathology; (4) detection of TIM3 expression by 
immunohistochemistry (IHC); and (5) variables reported of TIM3 expression levels and cancer prognosis-related 
outcomes (such as OS).

The exclusion criteria were: (1) In vitro studies or animal experiments; (2) inability to extract the required data from the 
published results; (3) non-reporting of survival outcomes; and (4) patients who received chemotherapy or radiotherapy 
before the assessment of TIM3 expression.

Data extraction and quality assessment
Two researchers independently extracted the data pertaining to the following variables from each study: Study design, 
sample size, demographic characteristics (including age, sex, nationality, and ethnicity), clinicopathological parameters (T 
stage, lymph node metastasis, tumor-node-metastasis [TNM] stage, and grade of differentiation), and prognostic indices 
(such as OS). The specifics of the TNM staging were meticulously documented. The methods and thresholds for 
determining TIM3 expression, primarily through IHC, were outlined. Using the Newcastle-Ottawa Scale (NOS) for 
quality assessment, only studies that scored between 6 to 9 points, denoting high quality, were included in the meta-
analysis.

Statistical analyses
Pooled analyses of data obtained from the included studies were performed using STATA statistical software, version 
15.2. P < 0.05 was considered statistically significant for all analyses. The pooled hazard ratios (HRs) and 95% confidence 
interval (CIs) were calculated to assess the association between TIM3 expression and the prognosis and clinicopatho-
logical parameters (sex, age, T stage, lymph node metastasis, TNM stage, and grade of differentiation) of GI tract cancer. 
The individual HR estimates were pooled into a summary HR. The assumption of homogeneity was tested by performing 
Cochran’s Q-statistic and I2 test for heterogeneity. P < 0.05 in the Q-test or I2 > 50% was considered indicative of 
significant heterogeneity. In case of significant heterogeneity, the random-effects model was used for the meta-analysis; 
otherwise, the fixed-effects model was used. HR or odds ratio (OR) > 1 (indicating worse prognosis for cases with TIM3 
expression positivity) was considered statistically significant when the 95%CI did not overlap 1. In case of significant 
heterogeneity among the included studies, subgroup analysis or sensitivity analysis was performed to identify the source 
of heterogeneity and explore the impact of potential factors on the results. The results were presented as forest plots. The 
effect of potential publication bias on the results of the meta-analysis was assessed by drawing funnel plots, and 
performing the Begg’s rank correlation test.

https://www.referencecitationanalysis.com
https://www.crd.york.ac.uk/PROSPERO/
https://www.crd.york.ac.uk/PROSPERO/
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Figure 1 Flow diagram for the study selection criteria and process.

RESULTS
Selection of trials
The flow diagram illustrating the study selection process and criteria is presented in Figure 1. A total of 267 studies that 
investigated the association of TIM3 expression in upper GI tract cancer with both prognosis and clinicopathological 
parameters were retrieved during the database search. Among these studies, 51 duplicate publications were excluded. Of 
the remaining 216 articles, 202 were excluded after the review of the abstracts and study methods, since these did not 
meet the inclusion criteria. Subsequently, the full texts of the remaining 14 articles were reviewed. Of these 14 studies, 5 
that did not provide qualifying clinicopathological information were excluded. Finally, the remaining nine studies, which 
enrolled 2556 patients, were included in the pooled analysis. These studies were published between 2013 and 2022. In 
each of the eligible studies, TIM3 expression in upper GI tract cancer was reported to be associated with OS. All studies 
were considered high quality based on the NOS assessment (average score: 8). Table 1 summarizes the characteristics of 
the selected studies.

Association between TIM3 expression and OS
Nine studies were included in the pooled analysis of the association between TIM3 expression and OS (Figure 2). It was 
noteworthy that no significant positive results were obtained from the literature data provided by Wang et al[18] and 
Park et al[19]. Nonetheless, these results revealed that high TIM3 expression was associated with a worse prognosis of 
upper GI tract tumors, with a pooled HR of 1.17 (95%CI: 1.01-1.36). To further investigate the prognostic significance of 
TIM3 in different types of upper GI tumors, we performed the analyses grouped by cancer type (Supplemen-
tary Figures 1 and 2). In addition, there were two papers in which the data were obviously biased. To further illustrate the 
situation, we showed the result after removing these two papers (Supplementary Figure 3), and found that high TIM3 
expression was significantly associated with poorer survival of upper GI cancers. The abovementioned results indicate 
that high expression of TIM3 may be a predictor of poor prognosis, shorter survival, and a higher risk of recurrence in 
patients with upper GI cancers.

Association between TIM3 expression and clinicopathological characteristics
All studies included in the meta-analysis had analyzed data on TIM3 expression, and at least one clinicopathological 
parameter for upper GI tract tumors (Figures 3 and 4, Table 2). TIM3 expression was associated with the T and N stage, 
and was significantly correlated with the TNM stage. However, among the other clinicopathological parameters, TIM3 
expression was not associated with sex, age, tumor location, size, or grade.

On analysis of the T stage for assessing the degree of primary tumor invasiveness, TIM3 expression was found to be 
associated with the T stage (T1-2 vs T3-4, OR: 1.39, 95%CI: 1.06-1.83; fixed effects model). Furthermore, TIM3 expression 
was higher in the T3-4 group compared to the T1-2 group, although the difference was not statistically significant (P > 
0.05). This result suggests the potential role of TIM3 expression in the depth of tumor invasion of upper GI tract tumors. 
The analysis of the distribution of involved lymph nodes (stage N) revealed that TIM3 expression was greater in the N2-3 

https://f6publishing.blob.core.windows.net/2a07d771-2647-48b0-913d-8fcbb9b53753/WJGO-15-2212-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2a07d771-2647-48b0-913d-8fcbb9b53753/WJGO-15-2212-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2a07d771-2647-48b0-913d-8fcbb9b53753/WJGO-15-2212-supplementary-material.pdf
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Table 1 Characteristics of studies included for the meta-analysis

Reference Yr Country Ethnicity Age Method Study design Stage Cancer type Cut-off values n (E +) Follow-up time in 
mo (range)

OS (HR with 
95%CI) NOS

Jiang et al[17] 2013 China Asian 60 IHC Retrospective 1-4 Gastric cancer HSCORE > 0 305 (60.0%) Median 40 (3-135) 0.60 (0.35–1.01) 9

Wang et al[18] 2018 China Asian 61.6 IHC Retrospective 1-4 Gastric cancer Median number of stained 
cells

587 (49.9%) Median 48 (1-117) 1.71 (1.327–2.203) 9

Park et al[19] 2021 Korea Asian 59 IHC Retrospective 2-3 Gastric cancer Immunostaining  5% 385 (61.6%) NA 0.30 (0.13–0.68) 7

Chen et al[20] 2022 China Asian 65 IHC Retrospective 2-3 Gastric cancer Median number of stained 
cells

496 (49.0%) Median 37 (4-76) 2.236 (1.427–3.504) 7

Shan et al[21] 2016 China Asian 55 IHC Retrospective 1-4 ESCC 3 points 64 (85.9%) Median 31 (7-105) 1 (0.932-1.072) 8

Hou et al[22] 2017 China Asian 58 IHC Retrospective 2-3 ESCC 3 points 45 (22.2%) < 100 1.102 (0.292–4.157) 7

Duan et al[23] 2018 China Asian 58 IHC Retrospective 1-4 ESCC 1% 95 (37.9%) Median 32 (3-84) 0.405 (0.148–1.103) 9

Hong et al[24] 2019 Korea Asian 64 IHC Retrospective 1-4 ESCC 1% 396 (50.8%) Median 24.8 (0.5-210.0) 1.60 (1.13–2.27) 8

Zhao et al[25] 2020 China Asian 65 IHC Retrospective 1-4 ESCC HSCORE > 3 183 (47.5%) NA 2.620 (1.569–4.375) 8

HSCORE system = Stain intensity × percentage of stained cells. CI: Confidence interval; E +: T cell immunoglobulin and mucin-domain containing-3 positive expression; ESCC: Esophageal squamous cell carcinoma; HR: Hazard ratio; 
IHC: Immunohistochemistry; NA: Not applicable; NOS: New-Ottawa scale; OS: Overall survival.

group compared to the N0-1 group (N0-1 vs N2-3, OR: 1.5, 95%CI: 1.11–2.01; random effects model), although the 
difference was not statistically significant (P > 0.05). Furthermore, the results suggested that TIM3 expression may be 
correlated with the N stage in upper GI tract tumors. However, further studies are required to explore this association. In 
further analyses, TIM3 overexpression was found to be correlated with the TNM stage, since TIM3 expression was higher 
in the III/IV stage of gastric cancer compared to the I/II stage (I/II vs III/IV, OR: 1.21, 95%CI: 0.63–2.33, random-effects 
model). Therefore, TIM3 overexpression may play an important role in the development of upper GI tract tumors.

Sensitivity analysis and publication bias assessment
In the sensitivity analysis, the pooled analysis results remained stable and consistent across the different statistical models 
and methods, reinforcing the reliability of the results. Furthermore, the funnel plot and Begg’s rank correlation test 
revealed no significant effect of potential publication bias on the results of the meta-analysis (Figure 5).

DISCUSSION
Upper GI tract tumors are a group of malignant tumors with a high incidence and associated mortality. The pathogenic 
mechanism of these tumors is complex, and intricately linked to the immune system. The immune system plays a crucial 
role in the initiation, advancement, and spread of cancer[26,27]. As cancer advances, exosomes released by the tumor cells 
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Table 2 Sub-group analysis of the association between T cell immunoglobulin and mucin-domain containing-3 and the 
clinicopathological parameters

Subgroups OR (95%CI) P value Studies, n Patients, n

Sex: Female vs male 0.92 (0.75-1.14) 0.388 7 1866

Age: Elderly vs non-elderly 1.07 (0.79-1.44) 0.061 6 1771

Tumor location: Top and middle vs bottom 1.07 (0.85-1.35) 0.605 4 1311

Tumor size:  4 vs < 4 0.77 (0.53-1.12) 0.202 4 1192

T stage: T1-2 vs T3-4 1.39 (1.06-1.83) 0.6 3 865

N stage: N0-1 vs N2-3 1.5 (1.11-2.01) 0.803 3 865

TNM Stage: III/IV vs I/II 1.21 (0.63-2.33) < 0.001 7 1866

Grade: G1 vs G2 + G3 0.7 (0.40-1.22) 0.427 3 323

CI: Confidence interval; OR: Odds ratio; TNM: Tumor-node-metastasis.

Figure 2 Meta-analysis of the association between T cell immunoglobulin and mucin-domain containing-3 expression and overall 
survival. Hazard ratio forest plot for the association between the T cell immunoglobulin and mucin-domain containing-3 expression and overall survival in upper 
gastrointestinal tract tumors.

not only facilitate tumor immune evasion but also serve as biomarkers of autoimmune response[28]. Notably, serum 
pepsinogen, a biomarker, is widely believed to reflect the pathological changes in the stomach[29]. Biomarkers are 
indispensable in cancer diagnosis and treatment, aiding in early diagnosis, evaluating therapeutic efficacy, predicting 
disease progression, and offering vital information for personalized treatment. The immunomodulatory molecule TIM3, 
which is an important immune checkpoint[30,31], plays a key role in tumor immune evasion and treatment resistance, 
and is expressed in both serum and tumors. Furthermore, TIM3 can suppress tumor immune responses by modulating 
the function of T helper 1 CD4 T cells and cytotoxic CD8 T cells[32]. Studies conducted in the context of melanoma, and 
head and neck cancers have revealed that TIM3 can limit the antitumor immunity[33,34]. TIM3 enhances the growth of 
hepatocellular carcinoma by inducing the functional blockade of natural killer cells[35]. Furthermore, TIM3 has been 
identified as a marker of microsatellite-stable colorectal carcinoma with immune failure and distinct clinicopathological 
features[36]. Moreover, TIM3, which acts with its ligand CEA cell adhesion molecule 1, can suppress T cells, thereby 
downregulating antitumor immunity[37,38]. Of note, the serum levels of TIM3 and Gal-9 are significantly elevated in 
patients with systemic mastocytosis, suggesting the potential value of TIM3 in the diagnosis and treatment of this 
condition[39]. However, the prognostic significance of TIM3 in upper GI tract tumors remain inconsistent. Therefore, we 
conducted a meta-analysis of the available evidence to comprehensively evaluate the potential prognostic value of TIM3 
in patients with upper GI tract tumors. These findings may provide insights for guiding clinical treatment decisions and 
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Figure 3 Association between T cell immunoglobulin and mucin-domain containing-3 expression and clinicopathological characteristics 
was analyzed. Forest plots with Odds ratio (OR) and 95% confidence interval (CI) were drawn for the association of T cell immunoglobulin and mucin-domain 
containing-3 expression with clinicopathological characteristics. A: Sex; B: Age; C: Tumor location; D: Tumor size.

individualized therapy.
A total of nine independent studies, which enrolled 2556 patients with upper GI tract tumors, were included. In the 

pooled analysis, high TIM3 expression was associated with worse prognosis. Specifically, a poorer prognosis was 
observed in patients with high TIM3 expression, with an HR of 1.17 (95%CI: 1.01-1.36). This suggests that high TIM3 
expression may be a predictor of poor prognosis, and is associated with shorter survival and higher risk of recurrence in 
these patients. Of note, as shown in Figure 5, the results were not very good. Hence, the investigators searched for the 
reason, and identified some deviations on the data obtained from two studies (Wang et al[18] and Park et al[19]). A graph 
was drawn to determine the effects of deleting these two articles, and it was observed that the results were very relevant 
to the drawn conclusions. Thus, it would be worthwhile to further investigate TIM3. It was notable that previous studies 
have identified the combination of TIM3, LAG-3, and others as potential biomarkers[40].

In the subgroup analysis, high expression of TIM3 was associated with a worse prognosis of patients with esophageal, 
gastric, and combined esophagogastric cancers. This highlights the potential role of TIM3 in the development and 
progression of these tumor types, and underlines its clinical relevance as a potential marker for prognostic assessment 
and treatment selection.

High expression of TIM3 may suggest immune escape and an immunosuppressive milieu in the tumor microenvir-
onment. In this study, we found a significant correlation between high expression of TIM3 and the TNM staging of upper 
GI tumors. Given the pivotal role of TIM3 in tumor immune evasion and treatment resistance, we hypothesize that high 
expression of TIM3 may be intricately linked with the TNM staging of the tumor. TIM3 inhibits T cell activation and 
function, and induces immune tolerance by binding to its ligand Gal-9. Gal-9 promotes the persistence of PD-1 + TIM3 + 
T cells by binding to PD-1, and impairing Gal-9/TIM3-induced cell death[41]. Furthermore, TIM3 and Gal9 have 
exhibited the potential as predictive biomarkers in different cancers. In-depth characterization of the TIM3/Gal9 
signaling in cancers, and its underlying mechanisms can help identify patients who are likely to respond to the blockade 
of this pathway, and facilitate the design of combination therapies[42]. High expression of TIM3 may lead to the 
suppression of immune response, and diminishing host immune clearance of tumors, thereby promoting tumor growth 
and proliferation. This may explain the association between high TIM3 expression and poor prognosis of upper GI tract 
tumors. This further emphasizes the significance of TIM3 as a potential therapeutic target and prognostic biomarker.

Through a meta-analysis approach, our study comprehensively assessed the prognostic significance of TIM3 in upper 
GI tract tumors. Our findings suggest that TIM3 might be a biomarker warranting further attention. It not only offers a 
novel reference for classifying and staging upper GI tract tumors but may also shed light on the potential immunothera-
peutic strategies for these tumors. Especially as immunotherapy becomes a focal point of cancer treatment, TIM3, as one 
of the immune checkpoints and a regulator of T-cell responses in the tumor microenvironment, may become an important 
test similar to PD-1/PD-L1. Such checkpoints are commonly associated with immune escape in cancer patients, and 
therefore, therapies targeting them may provide significant clinical benefits.

Before embarking on this research, the existing literature presented conflicting views regarding the role of TIM3 in 
upper GI tract tumors. At present, we do not fully understand the specific role of TIM3 in various upper GI tract tumors 
and its potential interactions with other immune checkpoints, such as PD-1/PD-L1. We aim to consolidate a stronger 
evidence base in this area by systematically conducting meta-analyses covering a wider range of literature, employing 
state-of-the-art statistical techniques, and taking into account a variety of potential confounding factors. Recognizing the 
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Figure 4 Association between T cell immunoglobulin and mucin-domain containing-3 expression and clinicopathological characteristics 
was analyzed. Forest plots of odds ratio (OR) and 95% confidence interval (CI) were performed for correlation between T cell immunoglobulin and mucin-domain 
containing-3 expression and Tumor staging and grade of tissue differentiation. A: T stage; B: N stage; C: TNM stage; D: Grade of tissue differentiation.

Figure 5 Assessment of publication bias and sensitivity analysis. A: Funnel plot that assessed the effect of potential publication bias on the meta-
analysis results; B: Sensitivity analysis that evaluated the impact of omitting individual studies on the pooled effect size estimate to determine the association between 
the T cell immunoglobulin and mucin-domain containing-3 expression and prognosis in upper gastrointestinal tumors. HR: Hazard ratio.

role of TIM3 as an immunomodulatory molecule and its expression trends in different tumors, we believe that studies 
around TIM3 will increase in the future. The benefits of TIM3-targeted therapeutic strategies may not be limited to upper 
GI tract tumors but also to other cancer types. In addition, TIM3-focused combination therapies, such as those paired with 
PD-1/PD-L1 inhibitors, may become a hot research topic. As more studies unravel the function of TIM3 and its interrela-
tionships with other immune checkpoints, it may become an important target in cancer therapy. TIM3 is expected to serve 
as a biomarker to predict prognosis and provide guidance for immunotherapy and even chemotherapy.

Although our study provides strong evidence for the role of TIM3 in upper GI tract tumors, it also has its limitations. 
First, the studies included in the meta-analysis were conducted only in Asian populations. Thus, our conclusions may not 
be entirely generalizable to other ethnic groups. Second, the studies included in the meta-analysis were somewhat hetero-
geneous in terms of study design, sample source, and experimental method. Moreover, the experimental method used 
was IHC, which is a less accurate method for quantitative analysis compared to other protein analysis methods. In 
addition, TIM3-related clinical drugs are not widely available, and further drug development is needed.
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CONCLUSION
In conclusion, the meta-analysis results suggest that high TIM3 expression in upper GI tract tumors is strongly associated 
with poor prognosis. The findings underline the role of TIM3 as a potential prognostic marker, which may provide 
guidance in the development of individualized treatment and immunotherapy strategies. However, more studies are 
needed to explore the prognostic value of TIM3 expression in upper GI tract tumors. Furthermore, unraveling its 
underlying mechanisms may provide a theoretical basis for the development of therapeutic strategies that target TIM3.

ARTICLE HIGHLIGHTS
Research background
T cell immunoglobulin and mucin-domain containing-3 (TIM3) is an immune checkpoint molecule. The prognostic value 
of TIM3 expression in upper gastrointestinal (GI) tract tumors has not been comprehensively analyzed.

Research motivation
The study clarifies the prognostic value of TIM3 in upper GI tumors and assesses whether TIM3 could be used as a 
research target to guide future clinical treatment.

Research objectives
The study investigates the immunohistochemical expression of TIM3 in upper GI tract tumors and assesses its clinical and 
prognostic value.

Research methods
The PubMed, Web of Science, and Embase databases were searched for subject terms, including “TIM3,” “gastric cancer,” 
and “esophageal cancer,” Data analyses were performed using STATA 15.2. The results were expressed as hazard ratio 
(HR) and odds ratio (OR), with the respective 95% confidence interval (CI). Heterogeneity was assessed using the I2 
statistic.

Research results
High TIM3 expression was associated with a worse prognosis in upper GI tract cancers (HR: 1.17, 95%CI: 1.01-1.36). TIM3 
overexpression was significantly correlated with the TNM stage (OR: 1.21, 95%CI: 0.63-2.33; P < 0.05). TIM3 expression 
showed no association with other clinicopathological parameters.

Research conclusions
High expression of TIM3 in upper GI tract cancers is associated with a poorer prognosis and advanced T or N stage.

Research perspectives
None of the studies included in the meta-analysis evaluated the prognostic value of TIM3 expression in esophagogastric 
junction cancer. In addition, the small sample size of the studies was a limitation and the effect of confounding factors on 
the results cannot be ruled out. However, the results revealed a significant association between high expression of TIM3 
and poor survival outcomes in upper GI tract tumors. Our analysis suggests that TIM3, as an immune checkpoint 
receptor, may be a useful prognostic marker and a potential therapeutic target worthy of further research.
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Abstract
BACKGROUND 
The MBOAT7 rs641738 single-nucleotide polymorphism (SNP) has been proven to 
influence various liver diseases, but its association with hepatocellular carcinoma 
(HCC) susceptibility has been debated. To address this discrepancy, we 
conducted the current systematic review and meta-analysis.

AIM 
To perform a systematic review and meta-analysis on association of MBOAT7 
SNP and HCC susceptibility.

METHODS 
We performed a systematic review in PubMed, Web of Science, Scopus, and 
EMBASE; applied specific inclusion and exclusion criteria; and extracted the data. 
Meta-analysis was conducted with the meta package in R. Sensitivity and 
subgroup analyses were also performed. This meta-analysis was registered in 
PROSPERO (CRD42023458046).

RESULTS 
Eight studies were included in the systematic review, and 12 cohorts from 6 
studies were included in the meta-analysis. Our meta-analysis revealed an 
association between the MBOAT7 SNP and HCC susceptibility in both the 
dominant [odds ratio (OR): 1.14, 95% confidence interval (95%CI): 1.02-1.26, P = 
0.020] and recessive (OR: 1.21, 95%CI: 1.05-1.39, P = 0.008) models. Subgroup 
analysis revealed that stratification of the included patients by geographical origin 
showed a significant association in Asia (OR: 1.20, 95%CI: 1.03-1.39).

https://www.f6publishing.com
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CONCLUSION 
This meta-analysis underscores the contribution of the MBOAT7 rs641738 SNP to hepatocarcinogenesis, especially 
in Asian populations, which warrants further investigation.

Key Words: MBOAT7; Single-nucleotide polymorphisms; Hepatocellular carcinoma; Systematic review; Meta-analysis; Asian 
populations

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We conducted the current systematic review and meta-analysis to address the association between MBOAT7 
rs641738 SNP and HCC susceptibility. We demonstrated the correlation between MBOAT7 rs641738 SNP and HCC 
susceptibility both in the dominant and recessive models, and subgroup analysis revealed the significant association 
especially in Asia populations, which could guide clinical practice in the identification of at-risk population.

Citation: Lai M, Qin YL, Jin QY, Chen WJ, Hu J. Association of MBOAT7 rs641738 polymorphism with hepatocellular carcinoma 
susceptibility: A systematic review and meta-analysis. World J Gastrointest Oncol 2023; 15(12): 2225-2236
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2225.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2225

INTRODUCTION
Hepatocellular carcinoma (HCC), which ranks as the fourth leading cause of cancer-related mortality worldwide, 
presents a substantial challenge in the health care landscape[1]. Over 80% of HCC cases occur in low-resource and 
middle-resource countries, particularly in eastern Asia, where medical and social care resources are often constrained[2,
3]. To address this challenge, early detection, improved management, and careful monitoring of high-risk populations are 
essential strategies.

Germline DNA single-nucleotide polymorphisms (SNPs) likely represent etiology-specific host factors that determine 
HCC susceptibility, including SNPs within PNPLA3 (patatin like phospholipase domain containing 3), TM6SF2 
(transmembrane 6 superfamily 2), and MBOAT7 (membrane-bound O-acyltransferase domain-containing 7)[4]. The 
association between the PNPLA3 rs738409 SNP and HCC has already been demonstrated by Singal et al[5], who indicated 
that PNPLA3 is an independent risk factor for HCC. Furthermore, the association between the TM6SF2 rs58542926 SNP 
and HCC has been illustrated by Tang et al[6], who also suggested a significant association of the TM6SF2 SNP with HCC 
risk.

Interestingly, another previously studied SNP is the missense rs641738 C > T variant positioned downstream of the 
MBOAT7 locus. The MBOAT7 rs641738 SNP has been proven to influence histological liver damage in alcoholic liver 
disease, nonalcoholic fatty liver disease (NAFLD), hepatitis C, and hepatitis B[7]. However, its association with HCC has 
been debated. Thabet et al[8] performed a large case-control study in patients with hepatitis C virus (HCV)-related HCC 
and found that the role of rs641738 is limited to the early stages of liver disease but not to further progression or 
occurrence of HCC. Conversely, Donati et al[9] found that the MBOAT7 rs641738 T allele may predispose patients without 
cirrhosis to HCC.

To address this discrepancy, we conducted the current systematic review and meta-analysis on the association of the 
MBOAT7 SNP and HCC susceptibility, aiming to provide an updated and comprehensive assessment of the evolving 
evidence in this area.

MATERIALS AND METHODS
Search strategy
We performed a systematic review using the following search strategy in four different databases (PubMed, Web of 
Science, Scopus, and EMBASE, searched in August 2023): (1): Neoplasms, Hepatic OR Neoplasms, Liver OR Liver 
Neoplasm OR Neoplasm, Liver OR Hepatic Neoplasms OR Hepatic Neoplasm OR Neoplasm, Hepatic OR Cancer of 
Liver OR Hepatocellular Cancer OR Cancers, Hepatocellular OR Hepatocellular Cancers OR Hepatic Cancer OR Cancer, 
Hepatic OR Cancers, Hepatic OR Hepatic Cancers OR Liver Cancer OR Cancer, Liver OR Cancers, Liver OR Liver 
Cancers OR Cancer of the Liver OR Cancer, Hepatocellular; (2): Membrane bound O-acyltransferase domain-containing 7 
protein, human OR MBOAT7 protein, human OR MBOAT7 OR membrane bound O-acyltransferase domain-containing 7; 
and (3): (1) AND (2).

https://www.wjgnet.com/1948-5204/full/v15/i12/2225.htm
https://dx.doi.org/10.4251/wjgo.v15.i12.2225


Lai M et al. MBOAT7 SNP and HCC susceptibility

WJGO https://www.wjgnet.com 2227 December 15, 2023 Volume 15 Issue 12

Study selection
The inclusion criteria were as follows: (1) Case-control or cohort study evaluating the association between MBOAT7 
rs641738 and HCC risk; and (2) reported odds ratios (ORs) and 95% confidence intervals (95%CIs) and/or allele 
frequencies and/or genotypes. If duplicate research reports were retrieved, the most comprehensive report was selected 
to avoid repeated statistics. Studies were excluded if they met one of the following criteria: (1) Review, comment, or 
conference abstract; and (2) insufficient data to estimate OR and 95%CI.

The following data were extracted from each included study: Author, publication year, country, cohort characteristics, 
sample size, genotype distribution, allele distribution, minor allele frequency, genotyping method, genetic models, 
adjustment, and Hardy-Weinberg equilibrium (HWE) data. Two authors independently assessed the studies, and 
disagreements were resolved through discussion with a third author.

Statistical analysis for meta-analysis
We further conducted a meta-analysis using the cohorts of the included studies. We used the HardyWeinberg package 
(1.7.5) to calculate HWE in the control group of each cohort and performed the meta-analysis using the "metabin", 
"metagen", and "metainf" functions of the meta package (6.5-0) in R (4.3.0). Between-study heterogeneity was examined 
using the Q test and quantified using I2. If I2 > 50%, heterogeneity was considered significant, and a random-effects model 
was applied. Otherwise, a common-effects model was used. Sensitivity analysis was carried out by re-estimating pooled 
ORs and 95%CIs after excluding each eligible study in turn to assess the stability of the pooled results. Publication bias 
was evaluated using a funnel plot.

This meta-analysis was performed according to the guidelines of the PRISMA[10]. The meta-analysis was registered in 
PROSPERO (CRD42023458046).

RESULTS
Systematic review of association of MBOAT7 rs641738 polymorphism with HCC susceptibility
A total of 153 records were found in four different databases; 40 records were found in PubMed, 77 in the Web of Science, 
22 in Scopus, and 14 in EMBASE. After removing 55 duplicates and 24 meeting conferences or records without abstracts, 
we rigorously reviewed the titles and abstracts of the remaining 74 records. We assessed 24 full-text reports for eligibility 
and included 8 studies in the systematic review (Figure 1).

Figure 1 Flow diagram for literature search and study selection.

Detailed information on the included studies is shown in Table 1. Our systematic review encompassed a compre-
hensive analysis of eight studies, spanning from 2016 to 2022, that explored the connection between the MBOAT7 
rs641738 polymorphism and HCC. Notably, the majority of these studies (n = 6) were conducted outside of Asia. Of these, 
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Table 1 Systematic review of MBOAT7 rs641738 and hepatocellular carcinoma susceptibility

Ref. Country Cohort 
characteristics Study design Genotyping 

method
Genetic 
model(s) Main results Conclusion

Thabet et 
al[8], 
2016

Multi-
countries

HCV-related 
HCC

1706 with chronic 
HCV infection, 
divided into two 
cohorts: Discovery 
cohort (n = 931) and 
validation cohort (n 
= 775)

TaqMan Dominant 
model

No significant association was 
observed with HCC (OR: 0.96; 
95%CI: 0.58-1.57)

The role of rs641738 is 
limited to the early stages 
of liver disease, but not 
to further progression or 
occurrence of HCC

Donati et 
al[9], 
2017

Multi-
countries

NAFLD, HCV, 
and alcohol-
related HCC

Italian (n = 765) and 
United Kingdom (n 
= 358) NAFLD 
patients; combined 
cohort of chronic 
hepatitis C (n = 597) 
or alcoholic liver 
disease (n = 524)

TaqMan Additive 
models

In Italian NAFLD patients, 
the T allele was associated 
with NAFLD-HCC (OR: 1.65, 
95%CI: 1.08-2.55; n = 765). In 
United Kingdom & Italian 
NAFLD cohort with non-
cirrhotic NAFLD, the T allele 
remained associated with 
HCC (OR: 2.10, 95%CI: 1.33-
3.31; n = 913). In combined 
cohort of chronic hepatitis C 
or alcoholic liver disease, the 
T allele was independently 
associated with HCC risk 
(OR: 1.93, 95%CI: 1.07-3.58; n 
= 1121)

The MBOAT7 rs641738 T 
allele may predispose to 
HCC in patients without 
cirrhosis

Stickel et 
al[11], 
2018

Multi-
countries

Alcohol-related 
cirrhotic HCC

751 cases with 
alcohol-related 
cirrhosis and HCC 
and 1165 controls 
with alcohol-related 
cirrhosis without 
HCC

TaqMan Additive 
models

The risk associated with 
carriage of MBOAT7 rs641738 
was not significant (OR: 1.04, 
95%CI: 0.88-1.24)

Neither heterozygous nor 
homozygous carriage of 
the MBOAT7 rs641738 T 
allele was associated 
with HCC risk

Raksayot 
et al[14], 
2019

Thailand HBV, HCV, and 
NBNC-related 
HCC

Healthy controls (n 
= 105), HBV-related 
HCC (n = 270), 
HCV-related HCC (
n = 131), and 
NBNC-related HCC 
(n = 129)

TaqMan NA The genotype distribution 
and T allele frequencies of 
MBOAT7 rs641738 were 
similar between groups 
(NBNC-HCC vs NBNC-
cirrhosis OR: 0.86, 95%CI: 
0.51-1.46)

The data did not reveal 
any association between 
MBOAT7 rs641738 and 
the development of 
NBNC-HCC

Wang et 
al[16], 
2021

China Unspecified 779 HCC cases and 
1412 cancer-free 
controls (controls 
consist of 678 
persistent HBV 
carriers and 734 
spontaneously 
recovered subjects)

MassARRAY Dominant, 
additive, 
recessive, 
and allelic 
models

The results suggested no 
association between 
MBOAT7-TMC4 rs641738 and 
HCC risk in most genetic 
models

The work highlights that 
MBOAT7-TMC4 rs641738 
is not associated with the 
risk of HCC

Bianco et 
al[12], 
2021

Multi-
countries

NAFLD-related 
HCC

At-risk individuals 
(NAFLD cohort, n = 
2566 and a 
replication cohort 
of 427 German 
patients with 
NAFLD). The 
general population 
(UKBB cohort, n = 
364048). 

TaqMan & 
United 
Kingdom 
BiLEVE and 
UKBB Axiom 
array

NA In NAFLD cohort, OR: 1.0, 
95%CI: 0.7-1.5; in overall 
UKBB, OR: 1.3, 95%CI: 0.9-
1.8; in non-viral UKBB, OR: 
1.3, 95%CI 0.9-1.9

Variants in PNPLA3-
TM6SF2-GCKR-MBOAT7 
were combined in a 
hepatic fat PRS and PRS 
predicted HCC more 
robustly than single 
variants

Liu et al
[13], 2022

United 
Kingdom

MAFLD-related 
HCC

160979 participants 
were diagnosed as 
having MAFLD

United 
Kingdom 
BiLEVE and 
UKBB Axiom 
array

NA Model 2: Adjusted for gender, 
age, assessment center, 
genotyping chip, smoking 
status, physical activity level, 
overall health rating, average 
household income, and 
alcohol consumption. CT vs 
CC: OR: 1.16, 95%CI: 0.84-
1.62; TT vs CC: OR: 1.36, 
95%CI: 0.95-1.95

MAFLD is independently 
associated with an 
increased risk of both 
intrahepatic and 
extrahepatic events. The 
impact of MAFLD on 
hepatic health events was 
amplified by variants in 
fatty liver disease related 
genes, among which the 
genetic variations in 
PNPLA3, TM6SF2, and 
MBOAT7 play prominent 
roles

Nahon et Compensated Cohort 1 (n = 659): In HCV-cured cohort, CT/TT A 7-SNP genetic risk French TaqMan NA
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al[15], 
2023

cirrhosis (HCV or 
alcohol)-related 
HCC

Compensated 
cirrhosis with HCV 
sustained virologic 
response. Cohort 2 (
n = 486): 
Compensated 
alcohol-related 
cirrhosis

vs CC: Subhazard ratio: 1.43, 
95%CI: 0.68-3.01; In alcohol 
cohort, CT/TT vs CC: 
Subhazard ratio: 1.83, 95%CI: 
0.85-3.94 (Fine-Gray 
regression modelling)

score was established, 
which contains PNPLA3, 
TM6SF2, HSD17B13, 
APOE, MBOAT7, and 
WNT3A-WNT9A variants

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease; HBV: Hepatitis B virus; NBNC: Non-hepatitis B and 
non-hepatitis C; MAFLD: Metabolic dysfunction-associated fatty liver disease; PRS: Polygenic risk score; OR: Odds ratio; 95%CI: 95% confidence interval; 
UKBB: United Kingdom Biobank; SNP: Single-nucleotide polymorphism; NA: Not available.

one study[8] concentrated solely on HCV-related HCC, while another[11] exclusively addressed alcohol-related HCC. 
Furthermore, two studies focused on HCC arising from NAFLD[12] or metabolic dysfunction-associated fatty liver 
disease[13], while another two[9,14] investigated a mixed cohort of NAFLD, viral, and alcohol-related HCC. One study
[15] encompassed HCC occurring in the context of compensated cirrhosis (HCV or alcohol), and one[16] did not specify 
the particular characteristics of the included patient cohort. The genetic analysis techniques employed were diverse, with 
the TaqMan genotyping method being utilized in most studies (n = 5), with one study employing the MassARRAY[16] 
and two[12,13] employing United Kingdom Biobank Axiom array methodologies. A subset of studies (n = 4) explicitly 
delineated the genetic models employed in their analysis. Specifically, two studies[9,11] employed additive models, one
[8] adopted a dominant model, and another[16] performed an investigation across dominant, additive, recessive, and 
allelic models. Conversely, the remaining four studies did not expound upon the genetic models utilized.

Overall, the prevailing trend in the majority of studies (n = 7) indicated a lack of significant association between the 
MBOAT7 rs641738 variant and HCC. Among these, Thabet et al[8] examined a cohort of 1706 patients with chronic HCV 
infection, suggesting that the role of rs641738 was confined to the early stages of liver disease rather than the progression 
or emergence of HCC. In contrast, Donati et al[9] conducted an investigation on 765 Italian and 358 United Kingdom 
NAFLD patients, and they postulated that the MBOAT7 rs641738 T allele might predispose individuals to HCC in the 
absence of cirrhosis. Notably, they discovered that the T allele was autonomously associated with HCC risk in a 
combined cohort characterized by chronic HCV infection or alcoholic liver disease. To reconcile these divergent findings, 
both Stickel et al[11] and Raksayot et al[14] pursued separate inquiries, focusing on alcohol-related and virus-related HCC. 
Intriguingly, both studies arrived at unanimous negative outcomes. In a similar vein, Wang et al[16] undertook a case-
control study with unspecified cohort attributes, and they predominantly identified negative associations across various 
genetic models. The remaining three[12,13,15] studies adopted the polygenic risk score (PRS) approach, which encom-
passed key genes such as PNPLA3, TM6SF2, and MBOAT7. Through PRS analysis, these investigations successfully 
stratified patients into distinct risk levels for HCC. However, they consistently observed that MBOAT7's standalone 
predictive capability was comparatively weak.

Meta-analysis of association of MBOAT7 rs641738 polymorphism with HCC susceptibility
In the meta-analysis, 12 cohorts from 6 studies were rigorously assessed to elucidate the connection between the MBOAT7 
rs641738 polymorphism and HCC. To ensure data quality, we excluded the Italian NAFLD-related and HCV-related 
HCC cohorts from the study by Donati et al[9] due to HWE P values < 0.05. Additionally, we excluded the alcohol-related 
HCC cohort from the same study due to limited sample size (n = 12). Employing the "metabin" function, we performed 
calculations for ORs and 95%CIs, except for the combined Italian and United Kingdom NAFLD-related HCC cohort and 
the United Kingdom Biobank (nonviral) cohort in the study by Bianco et al[12], in which genotype counts were unspe-
cified. We adopted both dominant and recessive models in the meta-analysis. Cohort characteristics are summarized in 
Table 2.

Intriguingly, our meta-analysis revealed an association between the MBOAT7 rs641738 C > T polymorphism and HCC 
susceptibility in the dominant model (Figure 2). The pooled OR was 1.14 (95%CI: 1.02-1.26, P = 0.020) in the common-
effects model used due to low heterogeneity (I2 = 33%, P = 0.15). Robustness was confirmed in the recessive model 
(Supplementary Figure 1), with a pooled OR of 1.21 (95%CI: 1.05-1.39, P = 0.008). Influential analysis via the leave-one-out 
method confirmed the stability of our results (Figure 3). Exclusion of the study by Donati et al[9] significantly reduced 
heterogeneity (I2 = 0%), and the funnel plot indicated this cohort as a source of heterogeneity (Figure 4). Similar outcomes 
were observed in the recessive model (Supplementary Figures 2 and 3); after omitting Donati et al[9] or Raksayot et al[14], 
the heterogeneity was significantly reduced (I2 = 0%), and the P value remained < 0.05 in every situation, indicating the 
robustness of our results.

Subgroup analysis considered viral-related and nonviral-related HCC (Figure 5), revealing no significant associations 
in either the viral (OR: 1.30, 95%CI: 0.98-1.73) or nonviral subgroup (OR: 1.09, 95%CI: 0.93-1.27). Similar trends were 
observed in the recessive model (Supplementary Figure 4); in the viral subgroup, the OR was 1.09 (95%CI: 0.69-1.73), 
while in the nonviral subgroup, the OR was 1.14 (95%CI: 0.96-1.34). Studies were categorized into 5 groups by etiology: 
HCV, alcohol, NAFLD, hepatitis B virus (HBV), and NAFLD plus alcohol (Figure 6). No significant associations were 
found in the HCV, HBV, alcohol, or NAFLD subgroup. Notably, in the NAFLD plus alcohol subgroup, the OR was 1.37 
(95%CI: 1.01-1.86); however, the same phenomenon was not observed with the recessive model (Supplementary Figure 5). 
Further stratification by the geographical origin of included patients showed a significant association in Asia (OR: 1.20, 
95%CI: 1.03-1.39) but not in Europe (Figure 7). In the recessive model, similar results were observed in the Asia subgroup 
(OR: 1.43, 95%CI: 1.06-1.94, Supplementary Figure 6). This observation underscores the need for more investigation 

https://f6publishing.blob.core.windows.net/9021ede5-0986-483e-a16c-b83dfd36bd5d/WJGO-15-2225-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9021ede5-0986-483e-a16c-b83dfd36bd5d/WJGO-15-2225-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9021ede5-0986-483e-a16c-b83dfd36bd5d/WJGO-15-2225-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9021ede5-0986-483e-a16c-b83dfd36bd5d/WJGO-15-2225-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9021ede5-0986-483e-a16c-b83dfd36bd5d/WJGO-15-2225-supplementary-material.pdf
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Table 2 Studies included in meta-analysis

Genotype (CC/CT/TT) Allele (C/T) Minor allele 
frequencyRef. Country Cohort characteristics Cases Controls

Case Control Case Control Case Control
Adjustment

HWE of 
control (P 
value)

Thabet et al
[8], 2016

Multi HCV-related HCC 75 1706 24/35/16 531/822/353 83/67 1884/1528 0.45 (T) 0.45 (T) Age, gender, BMI, and Child-Pugh 
score

0.305

Donati et al
[9], 2017

Italian NAFLD-related HCC 132 633 26/69/37 213/285/135 121/143 711/555 0.46 (C) 0.44 (T) Age, gender, obesity, T2DM, and 
presence of advanced fibrosis

0.036

Donati et al
[9], 2017

Italian & United 
Kingdom

Non-cirrhotic NAFLD-related HCC 41 872 5/21/15 280/422/170 31/51 982/762 0.38 (C) 0.44 (T) NA 0.664

Donati et al
[9], 2017

Italian HCV-related HCC 13 584 1/7/5 177/259/148 9/17 613/555 0.35 (C) 0.48 (T) Age, gender, and genetic variants 0.009

Donati et al
[9], 2017

Italian Alcohol-related HCC 12 512 1/8/3 150/251/111 10/14 551/473 0.42 (C) 0.46 (T) Age, gender, and genetic variants 0.805

Stickel et al
[11], 2018

Switzerland, Germany & 
United Kingdom

Alcohol-related cirrhotic HCC 751 1165 203/363/185 314/583/268 769/733 1211/1119 0.49 (T) 0.48 (T) Age, gender, BMI, and T2DM 0.967

Raksayot et al
[14], 2019

Thailand HBV-related HCC 270 105 140/114/16 66/34/5 394/146 166/44 0.27 (T) 0.21 (T) NA 0.943

Raksayot et al
[14], 2019

Thailand HCV-related HCC 131 105 71/53/7 66/34/5 195/67 166/44 0.26 (T) 0.21 (T) NA 0.943

Raksayot et al
[14], 2019

Thailand NBNC-related HCC (containing 
NAFLD and alcoholic liver disease)

129 105 68/46/15 66/34/5 182/76 166/44 0.30 (T) 0.21 (T) NA 0.943

Wang et al
[16], 2021

China Unspecified 779 1405 426/295/58 800/528/77 1147/411 2128/682 0.26 (T) 0.24 (T) Age, gender, smoking status, and 
drinking status

0.437

Bianco et al
[12], 2021

Italian & United 
Kingdom

NAFLD-related HCC 226 2338 NA NA NA NA NA NA Age, gender, BMI, and T2DM NA

Bianco et al
[12], 2021

United Kingdom UKBB (Non-viral) 202 363,846 NA NA NA NA NA NA Age, gender, BMI, T2DM, ethnicity, 
array batch, and assessment center

NA

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; HWE: Hardy-Weinberg equilibrium; NAFLD: Nonalcoholic fatty liver disease; HBV: Hepatitis B virus; T2DM: Type 2 diabetes mellitus; BMI: Body mass index; UKBB: United 
Kingdom BioBank; NBNC: Non-hepatitis B and non-hepatitis C; NA: Not available.

within the Asian population regarding MBOAT7 polymorphisms and HCC susceptibility.
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Figure 2 Forest plot of association between MBOAT7 rs641738 and hepatocellular carcinoma risk under the dominant model. OR: Odds 
ratio; 95%CI: 95% confidence interval; HBV: Hepatitis B virus; HCV: Hepatitis C virus; UKBB: United Kingdom Biobank.

Figure 3 Forest plot of influence analysis under the dominant model. OR: Odds ratio; 95%CI: 95% confidence interval; HBV: Hepatitis B virus; HCV: 
Hepatitis C virus; UKBB: United Kingdom Biobank.

Figure 4 Funnel plot of included studies in meta-analysis under the dominant model. HBV: Hepatitis B virus; HCV: Hepatitis C virus; UKBB: United 
Kingdom Biobank.
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Figure 5 Forest plot of  subgroup analysis under the dominant model (stratification by viral or non-viral related hepatocellular 
carcinoma). OR: Odds ratio; 95%CI: 95% confidence interval; HBV: Hepatitis B virus; HCV: Hepatitis C virus; UKBB: United Kingdom Biobank.

DISCUSSION
In this systematic review and meta-analysis, a total of 2761 HCC cases and 373376 controls were included. Our results 
suggested that the MBOAT7 rs641738 polymorphism was positively associated with HCC susceptibility in both dominant 
and recessive models. Our subgroup analysis indicated that the MBOAT7 rs641738 SNP contributes to hepatocarcino-
genesis, especially among Asian populations, warranting further exploration of the underlying mechanisms.

The MBOAT7 rs641738 SNP contributes to hepatocarcinogenesis, which is supported by basic scientific evidence. 
Longo et al[17] generated a full knockout of MBOAT7 in HepG2 cells (human HCC cell line) and observed an imbalance 
in mitochondrial dynamics, and the silencing of both MBOAT7 and TM6SF2 impaired mitochondrial activity with a shift 
toward metabolic reprogramming, which led to hepatocarcinogenesis. Moreover, MBOAT7- and TM6SF2-silenced cells 
exhibited increased cell survival, proliferation, and invasiveness.

Multiple studies have been conducted to investigate the association between the PRS and HCC susceptibility, and most 
of them reached a positive conclusion. Most studies established PRS models including genes such as PNPLA3, HSD17B13, 
TM6SF2, MBOAT7, and GCKR. Thrift et al[18] evaluated the association of PRS with HCC in 1644 patients in the United 
State and found that HCC risk increased by 134% per unit increase in PRS [hazard ratio (HR): 2.30; 95%CI: 1.35-3.92]. 
Similarly, Degasperi et al[19] included 509 patients with HCV cirrhosis and found that the PRS was an independent 
predictor of HCC (HR: 2.30, P = 0.04). In contrast, single genetic risk variants were not useful in stratifying HCC risk. 
Importantly, the PRS method represents a comprehensive assessment of the multiple aspects involved in cancer 
development. However, the inclusivity of gene sets within the PRS framework remains inconsistent, necessitating further 
fundamental investigations to refine the approach.

There remain some limitations in this study. First, the included studies in our meta-analysis exhibited diverse 
etiologies of HCC, which could influence our outcomes. To address this variability, we conducted subgroup analyses and 
found that the conspicuously positive outcomes might be attributed to studies focused on Asian patients. Additionally, 
HCC susceptibility could be influenced by patient characteristics, such as age, sex, and smoking habits. Due to the 
unavailability of the original data of the included studies, this could generate bias in the interpretation of the results. 
However, the sensitivity analyses confirmed the robustness of our results.

CONCLUSION
In summary, this meta-analysis underscores the contribution of the MBOAT7 rs641738 SNP to hepatocarcinogenesis, 
especially in Asian populations, which warrants further investigation.
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Figure 6 Forest plot of subgroup analysis under the dominant model (stratification by detailed etiology). OR: Odds ratio; 95%CI: 95% 
confidence interval; HBV: Hepatitis B virus; HCV: Hepatitis C virus; UKBB: United Kingdom Biobank.

Figure 7 Forest plot of subgroup analysis under the dominant model (stratification by geographical origin). OR: Odds ratio; 95%CI: 95% 
confidence interval; HBV: Hepatitis B virus; HCV: Hepatitis C virus; UKBB: United Kingdom Biobank.
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ARTICLE HIGHLIGHTS
Research background
The MBOAT7 rs641738 single-nucleotide polymorphism (SNP) has been proven to influence various liver diseases, but its 
association with hepatocellular carcinoma (HCC) susceptibility has been debated. To address this discrepancy, we 
conducted the current systematic review and meta-analysis.

Research motivation
Investigating whether MBOAT7 SNP has an association with HCC susceptibility could help identify at-risk population.

Research objectives
We conducted a systematic review and meta-analysis on the association of the MBOAT7 SNP and HCC susceptibility, 
aiming to provide an updated and comprehensive assessment of the evolving evidence in this area.

Research methods
We performed a systematic review in PubMed, Web of Science, Scopus, and EMBASE; applied specific inclusion and 
exclusion criteria; and extracted the data. Meta-analysis was conducted with the meta package in R. Sensitivity and 
subgroup analyses were also performed.

Research results
Eight studies were included in the systematic review, and 12 cohorts from 6 studies were included in the meta-analysis. 
Our meta-analysis revealed an association between the MBOAT7 SNP and HCC susceptibility in both the dominant [odds 
ratio (OR): 1.14, 95% confidence interval (95%CI): 1.02-1.26, P = 0.020] and recessive (OR: 1.21, 95%CI: 1.05-1.39, P = 0.008) 
models. Subgroup analysis revealed that stratification of the included patients by geographical origin showed a 
significant association in Asia (OR: 1.20, 95%CI: 1.03-1.39).

Research conclusions
This meta-analysis underscores the contribution of the MBOAT7 rs641738 SNP to hepatocarcinogenesis, especially in 
Asian populations, which warrants further investigation.

Research perspectives
Future research should focus on what is the specific molecular biological mechanism of MBOAT7 rs641738 SNP leading to 
HCC and how to prevent it.
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Abstract
BACKGROUND 
Owing to the special features of biologics, deficient mismatch repair (dMMR) in 
patients with colon cancer has achieved little treatment efficacy from chemoradio-
therapy. Immunotherapy has shown promising results for the treatment of colon 
cancer. The high response rate observed suggests a great option for patients 
presenting with unresectable tumors, as it allows for better oncological resection. 
Here, we aimed to highlight the significant effects of immunotherapy on dMMR 
in colon cancer.

CASE SUMMARY 
A 54-year-old man diagnosed with locally unresectable dMMR colon cancer 
received preoperative immunotherapy (three cycles of pembrolizumab) and 
achieved a pathological complete response after surgery.

CONCLUSION 
Immunotherapy can be used as a conversion treatment for locally unresectable 
colon cancer with dMMR.

Key Words: Colon cancer; Immunotherapy; Pathological complete response; Case report
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Core Tip: Surgery remains the primary radical therapy for colon cancer and resection radicality is one of the most important 
predictors for survival. Preoperative chemotherapy has been proven to ameliorate resection radicality and survival. Due to 
the special features of biologics, deficient mismatch repair (dMMR) colon cancer patients achieved little treatment efficacy 
from chemoradiotherapy. Up to now, immunotherapy has shown promising responses in colon cancer. We aim to draw 
attention to the significant effect of immunotherapy on dMMR colon cancer.

Citation: Sun Z, Liu H, Zhang GN, Xiao Y. Conversion immunotherapy for deficient mismatch repair locally unresectable colon 
cancer: A case report. World J Gastrointest Oncol 2023; 15(12): 2237-2241
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2237.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2237

INTRODUCTION
Surgery remains the primary radical therapy for colon cancer[1,2], and resection radicality is an important predictor of 
local recurrence and overall survival[3]. Owing to the delayed administration of adjuvant chemotherapy, postoperative 
complications can cause poor oncological outcomes in patients with colorectal cancer (CRC)[4]. Hence, resection 
radicality should be improved, and the incidence of surgical complications should be reduced. Preoperative 
chemotherapy improves resection radicality and survival[5-8]. However, owing to the special features of biologics, 
patients with deficient mismatch repair (dMMR) colon cancer have achieved little treatment efficacy with chemoradio-
therapy[9]. Immunotherapy has previously shown promising results for colon cancer[10-13]. Hence, we aimed to draw 
attention to its significant effect on dMMR in colon cancer. This study was written in compliance with the SCARE 
Guideline[14].

CASE PRESENTATION
Chief complaints
A 54-year-old man presented to the hospital with difficulty in defecating.

History of present illness
Symptoms started 2 mo before the patient was diagnosed with colon cancer in May 2023.

History of past illness
The patient had undergone colectomy twice owing to a poorly-differentiated adenocarcinoma of the splenic flexure colon 
(unknown pTNM stage) in 2007 and a moderate- to poorly-differentiated adenocarcinoma of the cecum (pT4aN2a) in 
2008. Postoperative adjuvant chemotherapy was administered after both surgeries.

Personal and family history
The patient denied any family history of malignant tumors.

Physical examination
Physical examination revealed normal vital signs. The digital anal examination result was also normal.

Laboratory examinations
Laboratory results showed normal carcinoembryonic antigen and carbohydrate antigen 19-9. No abnormality was found 
in routine blood analyses.

Imaging examinations
Colonoscopy revealed a large, cauliflower-like mass in the transverse colon. Histopathological examination of the biopsy 
specimen revealed a poorly-differentiated adenocarcinoma with dMMR. Contrast-enhanced abdominal computed 
tomography (CT) demonstrated a bulky tumor measuring > 10 cm in the transverse colon (Figure 1A), and several 
enlarged lymph nodes in the mesentery. CT did not reveal metastases to distant sites.

FINAL DIAGNOSIS
Considering the invasion of the pancreatic capsule (Figure 1B), negative margins were not ascertained intraoperatively.

https://www.wjgnet.com/1948-5204/full/v15/i12/2237.htm
https://dx.doi.org/10.4251/wjgo.v15.i12.2237
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Figure 1 Computed tomography scans taken before and after immunotherapy. A and B: Before immunotherapy (arrows); C and D: After 
immunotherapy. The orange arrows showed the location and range of the tumor, while the blue arrows showed invasion of the pancreatic capsule.

TREATMENT
Preoperative immunotherapy is recommended for conversion to resection. The patient received three cycles of pembrol-
izumab immunotherapy without complaints. Post-treatment CT showed significant regression of the tumor (Figure 1C 
and D), as assessed by our team.

Thus, the patient underwent open transverse colectomy with D2 lymph node dissection two weeks after the end of 
immunotherapy. The previous ileocolonic anastomosis was resected during surgery.

As shown in Figure 2A, gross examination revealed invasion of the serosal surface by the tumor. Interestingly, 
pathological examination showed that the tumor regression grade was 0, indicating complete regression with no residual 
tumor cells, including the lymph nodes (Figure 2B). The final stage in this patient was a pathologic complete response 
(pCR).

OUTCOME AND FOLLOW-UP
Delayed gastric emptying (DGE) occurred, and a transnasal feeding tube was placed for nutritional support. The patient 
was discharged from the hospital on the 39th day after surgery, when the DGE was alleviated.

DISCUSSION
To the best of our knowledge, this case is the first to provide evidence of the efficacy of immunotherapy as a conversion 
regimen for locally unresectable colon cancer with dMMR.

The hallmark of dMMR is the inability to repair spontaneous mutations during DNA replication, leading to 
hypermutation and increased tumor mutation burden[15]. Currently, dMMR is one of the major predictive biomarkers of 
the benefits of immune checkpoint inhibitor (ICI) benefit[16]. Thus, MMR status should be regularly tested for colon 
cancer to guide personalized treatment. ICI therapy aims to overcome tumor immune escape by targeting immune 
inhibitory molecules expressed on the surfaces of the tumor and immune cells.

Since numerous questions remain regarding dMMR and its impact on the efficacy of immunotherapy, several clinical 
trials have been launched to determine the optimal treatment for patients with colon cancer. NICHE-1 was the first 
neoadjuvant immunotherapy study to show pathological responses in 100% of dMMR tumors[10]. The PICC trial[12] 
reported a pCR rate of 65% in patients with locally advanced dMMR CRC who received immunotherapy. Pei et al[17] 
reported that 90.9% of patients with locally advanced dMMR CRC achieved pCR after neoadjuvant immunotherapy. The 
NICHE-2 study subsequently reported that the rates of major pathological response and pCR for locally advanced dMMR 
colon cancer were 95% and 67%, respectively[11]. It also reported the first survival data in which none of the patients had 
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Figure 2 Gross pathological examination and hematoxylin and eosin staining. A: Gross pathological examination showed the tumor (orange arrow) 
and previous ileocolonic anastomosis (orange circle); B: Hematoxylin and eosin staining slide (magnification: × 40) showed that the lesion was tumor-free.

recurrence at a median follow-up of 13 mo, suggesting the advantage of neoadjuvant immunotherapy. More than the 
potential survival benefit of immunotherapy, Han et al[18] reported that neoadjuvant immunotherapy significantly 
reduced open surgery (83.3% vs 72.2%, P < 0.001) and multi-visceral resection rate (P = 0.025) for CRC patients. Hence, 
this therapy could minimize the extent of surgery and improve postoperative recovery.

The high response rate observed in patients suggests that surgery combined with neoadjuvant immunotherapy is a 
promising option for CRC surgeons to use in dMMR colon cancers which appear unresectable. This method is also likely 
to achieve better oncologic resection and organ-sparing strategies. However, the optimal duration of immunotherapy and 
the timing of surgery remain to be determined. Moreover, a long-term follow-up is required to assess the effects of 
immunotherapy on the survival of a selected subset of patients with dMMR colon cancer.

CONCLUSION
Immunotherapy can be used as a conversion treatment for locally unresectable dMMR colon cancer. However, further 
evidence from clinical trials is required to confirm these findings.
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