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Abstract
Pancreatic cancer (PanCa) presents a catastrophic disease with poor overall 
survival at advanced stages, with immediate requirement of new and effective 
treatment options. Besides genetic mutations, epigenetic dysregulation of 
signaling pathway-associated enriched genes are considered as novel therapeutic 
target. Mechanisms beneath the deoxyribonucleic acid methylation and its utility 
in developing of epi-drugs in PanCa are under trails. Combinations of epigenetic 
medicines with conventional cytotoxic treatments or targeted therapy are 
promising options to improving the dismal response and survival rate of PanCa 
patients. Recent studies have identified potentially valid pathways that support 
the prediction that future PanCa clinical trials will include vigorous testing of 
epigenomic therapies. Epigenetics thus promises to generate a significant amount 
of new knowledge of biological and medical importance. Our review could identi-
fy various components of epigenetic mechanisms known to be involved in the 
initiation and development of pancreatic ductal adenocarcinoma and related 
precancerous lesions, and novel pharmacological strategies that target these 
components could potentially lead to breakthroughs. We aim to highlight the 
possibilities that exist and the potential therapeutic interventions.
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Core Tip: Given the limited commercial availability of targeted epi-drugs and pathway-based biomarkers, it is important to 
generalize them for appropriate treatment of pancreatic cancer and related precancerous lesions. We also highlighted the 
clinical use of these therapeutic targets based on methylation driven pathways. This review will successfully help readers 
address current issues and support cutting-edge development of targeted therapies using epigenetically regulated pathways.
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INTRODUCTION
Pancreatic cancer (PanCa) is one of the fatal malicious carcinomas globally. Currently, PanCa is one of the foremost 
causes of death by cancer especially in the United States[1]. According to GLOBACON 2020, PanCa is the 12th most 
common cause of cancer with 495000 new cases worldwide, of which approximately 47% of new cases occurred in Asia 
and another significant proportion, 28%, in Europe[2]. By the end of 2022, the incidence could increase by 70%, equivalent 
to about 844000 new cases per year[3]. Recent studies elucidate deoxyribonucleic acid (DNA) methylation depiction from 
inflammatory diseases thus opening a new profile for the biomarker development in early prognosis. Cell-free DNA 
methylation, in particular, could be used to identify pre-neoplastic features in individuals with suspected pancreatic 
disorders. This is a clear non-invasive approach of PanCa pre-diagnosis[4]. It is observed through the years that PanCa 
consists of extremely fatal malignancies, having less than 5 year of survival rate. Early detection and treatment of this 
disease is hampered due to a lack of reliable diagnostic and prognostic markers[3]. It has been noted that there is 
epigenetic variance between populations which can be accounted for by a variety of racial, demographic, and vocational 
characteristics. Only a few research have examined the Pancreatic ductal Adenocarcinoma (PDAC) progression stage 
globally and the shifting epigenetic landscape in various ethnic groups[5]. Recent research has demonstrated the dynamic 
changes in the global DNA methylation and gene expression patterns play important roles in cancer development, 
including PanCa development. These findings offer important new information for understanding the onset and 
progression of this malignancy[5].

PanCa is clinically allied with an elevated rate of mortality. In terms of geographic features, Northern America and 
Europe show the maximum prevalence of PanCa where more males tend to get affected. There are an estimated 62210 
(male) and 32970 (female) new cases in the United States alone in 2022, with an estimated 25970 male and 23860 PanCa-
related deaths[2,3]. In South Eastern countries like India, the rate of incidence of PanCa are comparatively lower 
compared to the Western world. According to per year statistics in Eastern countries like in India, the rate of prevalence 
of PanCa seems to be 0.5 to 2.4 out of 100000 women and 0.2 to 1.8 out of 100000 men. Although, regardless of the 
prevalence of this deadly disease, patient survivability with PanCa is comparatively downcast with 1 to 5-year of relative 
survival rates for all stages[6]. The main reason for such miserable and prolonged consequences is perhaps because of the 
fact that this fatal disease is predominantly lacks any symptoms in the early stages. Meanwhile, the symptoms commence 
to expand largely and eventually tend to get metastatic in nature[7]. As a result, enucleating a metastatic tumor is 
frequently impossible. PanCa has a 1-year survival rate of 26%, and the 5-year survival rate is roughly 6% for advanced 
cancer and 22% for early stages when surgical removal of the tumor is still possible[8]. For this reason, few new 
therapeutic strategies like radiotherapy and chemotherapy are effective to mitigate the tumor size in selected PanCa 
patients[9]. Hypermethylation in DNA methylation can promote tumorigenesis. However, with histone and RNA 
methylation, both writers and erasers can be PanCa oncogenes such as SMYD3, KDM1, MELLT3 and FTO[10].

The study of malignant genomic modifications has been ongoing over the past few decades, and it has become quite 
evident that epigenetics are crucial to carcinogenesis. DNA methylation, a key component of epigenetics, affects a variety 
of biological functions, including gene imprinting, genome stability, and cell differentiation. Hypermethylation and 
hypomethylation are the two categories of abnormal DNA methylation. DNA hypomethylation refers to less DNA 
methylation, which frequently causes disturbance of chromosome stability or increased aneuploidy. On the other hand, 
DNA hypermethylation refers to the buildup of methylation, which mostly results in transcriptional repression and 
reduced gene expression. Typically, abnormal DNA methylation can be seen in the promoter regions of transcription 
factors, which promotes the growth and metastasis of cancers[11,12]. DNA methylation plays a crucial role in the onset 
and progression of cancer. Early on in the tumorigenic process, DNA methylation alterations frequently take place. This 
phenomenon has been confirmed for the bladder, lung, breast, colorectal, and pancreatic pre-neoplastic lesions[13,14].

https://www.wjgnet.com/1948-5204/full/v15/i9/1505.htm
https://dx.doi.org/10.4251/wjgo.v15.i9.1505
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According to Thompson et al[15], 2015, out of around 250000 assessed CpG sites, 20000 hotspots were correlated with 
patient survival. The two categories that were survival (-) and survival (+) which represented the connection between 
higher methylation and survival. The survival (+) sites were more evenly dispersed intragenically, whereas the survival 
(-) sites tended to group close to the TSS (transcription start site), indicating hypermethylation of promoter regions. An 
increased methylation pattern, associated with shorter survival was observed in survival (-) groups, while reduced 
methylation led to longer survival times in survival (+) groups. Some of the important genes [within the top 10 in 
survival (-) groups] which were found to be hypermethylated were FAM150A, ONECUT1, RASSF10, RNF207, PanCa 
DH9. The tumor-suppressor role of these genes are well-established in other aggressive cancers. While the genes such as 
PTPRN2, MAD1L1, CBFA2T3, COL5A1, and SHANK2 etc. made their way into the top ten differentially methylated genes 
in the survival (+) group[16]. Thus, this segmentation, together with the fact that promoter regions of genes are typically 
better defined and documented, led to the surviving sites producing a clearer recovery of functional annotation and genes 
overall[17]. There is growing evidence that DNA methylation can affect how genes are expressed, despite the fact that the 
majority of research on DNA methylation has focused on the methylation state of promoters and CpG islands. 
Importantly, a mutation of KRAS in acinar or ductal cells causes the development of pancreatic lesions, which is the 
causative genetic event in over 90% of PDAC cases (PanIN). Along with the KRAS mutation, subsequent deletion 
mutations or mutations of other types in tumor suppressor genes promote tumor growth and accelerate the course of the 
disease[10,18].

The Advantageous incidence of this systematic review is to summarize all the differential methylation pathways in 
several precancerous lesions of PanCa. The alterations in epigenetics occurring in PanCa also discussed in this review. 
This review also gives insight into landscapes of the early epigenetics in precursor lesions. In this review also highlighted 
the differentially methylated enriched signaling pathways and methylated modulators, and their therapeutic targets for 
precancerous as well as PanCa. In brief, we describe an overview of differentially methylated genes, highlighting their 
diagnostic or prognostic potential in PanCa related enriched pathways (Figure 1).

PRECANCEROUS LESIONS OF THE PANCREAS
PanCa shows a proclivity for almost about 5 to 7 years of retention rate. Over the years it has been observed that a 
significant number of patients execute an immensely impoverished prophecy. Recent clinical studies clearly depict that 
throughout a long period of time; over 10 to 11 years, cellular level observation shows a clear tendency to originate 
various invasive proficiency. These series of phenomena conciliate the detection factors as well as root out the precursor 
lesions in PanCa[19]. From recent clinical studies, it is observed that the prior detection of these precancerous lesions put 
forward the possibility to reduce the death rate. The studies also delineate the fact that several non-intrusive prototype 
lesions exhibit malignant PanCa. From the surgical history of PanCa, it has been observed that patients having a previous 
history of PDAC may have microscopic pancreatic intraepithelial neoplasms (PanINs). Furthermore, these multifocal 
PanINs is clinically allied with diagnosable lobulocentric atrophy. Moreover, Intraductal papillary mucinous neoplasms 
(IPMNs) and mucinous cystic neoplasms (MCN) are another couple of prominent pre-cancerous lesions which give rise to 
PanCa. These lesions are often considered to form cysts as well[20]. The surgical treatment and revelation of these MCN, 
IPMNs and PanINs can often create disturbance in the advancement to incursive PanCa. These eventually shows a high 
efficacy to save the lives of cancer patients[3,20].

PANCREATIC CANCER AND ITS EPIGENETICS LANDSCAPE
Due to epigenetic alterations, oncogenic signaling pathways specifically derived from transcriptional deregulation create 
a trademark to PanCa. 5-Hydroxymethylcytosine (5-hmC) is a chemical (epigenetic) modification of DNA at regulatory 
regions that result in the generation of 5-methylcytosine (5-mC) residue and has been thoroughly studied in PanCa. 
Genome analysis of 5-hmC occupied loci was done in the cell lines of short-passaged PanCa. As a result, surprising 
patterns of alteration were seen in neoplastic tissues in primary cancer patients[19,21]. It was observed that near the open 
chromatin regions, the 5-hmC was very much enhanced and thus tends to show upregulation of the allied transliteration
[22]. The transcripts involve a few important oncogenic signaling pathways enmeshed in pancreatic neoplasia, such as 
KRAS, master regulator of cell cycle (MYC), BRD4 and VEGFA where BRD4 tends to be highly overexpressed in nature. In 
terms of functional approach, accession of 5-hmC at promoter BRD4 was implicated along with the transcript expression 
elevation specifically in primary patient samples. It was also noticed that the in in-vivo experiments the growth of PanCa 
is highly inhibited by the BRD4 blockage. Concisely, it can be said that in human PanCa and oncogenic enhancers, 
partisan enhancement and 5-hmC reallocation tend to be an important regulatory mechanism[22,23].

ROLE OF THE KEY PATHWAY MODULATORS IN PANCA AND ITS ASSOCIATED PRECANCEROUS 
LESSIONS
In PanCa, some important pathways are Raf/Ras/ERK. MEK interposes specific cellular responses to a few growth factor 
actions. In the past years, inhibitors emergence is highly noticed that directly target KRAS. This circumvents the long-
harboured speculation that drugs cannot be produced by KRAS. In PDAC, several attempts have been made to target this 
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Figure 1 Comprehensive visualization showcasing interaction between epigenetic pathways and probable drug treatments concerning 
pancreatic cancer. EGF: Epidermal growth factor; Ras/Raf/MEK/ERK: Rat sarcoma virus/Rapidly Accelerated Fibrosarcoma/Mitogen-activated protein 
kinase/extracellular-signal-regulated kinase; PI3K/AKT/mTOR: Phosphoinositide 3-kinases/Ak strain transforming/Mammalian target of rapamycin; Wnt: Wingless-
related integration site; PDGF: Platelet-derived growth factor; SCF/c-Kit: Stem cell factor/receptor tyrosine kinase; ALK: Anaplastic lymphoma kinase; TGF-β: 
Transforming growth factor beta; HGF: Hepatocyte growth factor; JAK/STAT: Janus kinase/signal transducers and activators of transcription; BTK: Bruton tyrosine 
kinase; Src: Tyrosine-protein kinase (sarcoma); COX-2: Cyclooxygenase 2; NRF2: Nuclear factor erythroid 2–related factor 2; HIF-1: Hypoxia-inducible factor-1; 
PKCδ-PKD1: Protein Kinase Cδ-Polycystin 1, Transient Receptor Potential Channel Interacting; IGF: Insulin like growth factor; VEGF: Vascular endothelial growth 
factor.

important oncogenic pathway in various approaches. The downstream regulation of frequently mutated KRAS is 
eventually considered to be an esoteric drug target[24,25]. On the other hand, owing to the offsetting mechanism that 
involves the enzyme, geranylgeranyl transferase, the upstream regulation of KRAS, using inhibitors like farnesyltrans-
ferase has been completely nugatory[26]. It is also observed that the inhibitors like MRTX8, AMG510 and others 
specifically target only the KRAS mutant variant such as G12C[27,28]. Over 1%–5% of PDACs portray this kind of 
mutation and the progress is really promising. In PDAC, to regulate the antitumor pursuit in KRAS, the genetic inhibition 
of some autophagy regulators reciprocally enhances the propensity of ERK inhibitors (Table 1)[29].

EPIDERMAL GROWTH FACTOR PATHWAY MODULATORS
Epidermal growth factor receptor (EGFR) functions in a significant way in PanCa specifically in terms of tumorigenesis. 
Epidermal growth factor (EGF) is one of the classic pathways that works in a dysregulated manner in PDAC and is thus 
often considered as a potent therapeutic target. EGF signaling pathway inhibitors are considered as one of the efficient 
and significant regulators for cellular viability. These pathway regulators often mediate a wide range of signaling 
activities, precisely Jak-STAT, Akt/PI3K, Ras/Raf/ and MEK/ERK[29,30]. In PanCa patients, it is often noticed that 
affirmative activation and regulation of EGFR works effectively for the activation of KRAS and ERK and this persuades 
the formation of tumor more profoundly[31]. It is found that in Phase III clinical trial, the add-on of erlotinib elevates 
more positive improvements in cell survival in PanCa patients. The presence of KRAS gene (wild type) in PDAC tumors 
with a tiny proportion also leads to a significant improvement in PDAC patient survival[27,31].

WNT PATHWAY MODULATORS
In case of tissue development and maintenance in both embryos and adults, The Wnt signaling pathway plays a critical 
role. Digressive activation of this Wnt pathway has been closely associated with cancers like PanCa, specifically to the 
severely affected digestive tract. It is observed that Cancer stem cells are strongly associated with the activation of this 
pathway[32]. Furthermore, a precise monoclonal antibody named Wnt inhibitor vantictumab, which eventually targets 
the decrepitate receptor. This depicts a huge responsive activity of tumors and is often found to be combined with 
gemcitabine[33].
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Table 1 Targeting various characteristics of pancreatic carcinomas and their associated therapeutic strategies

Potent therapeutics Cancer Hallmarks

TGF-β pathway inhibitors HGF; Met pathway inhibitors Activating invasion/metastasis

JAK/STAT pathway inhibitors; BTK inhibitors; Src inhibitors; COX-2 inhibitors Tumour-promoting inflammation

NRF2 pathway inhibitors; HIF-1 pathway inhibitors; PKCδ-PKD1 inhibitors; Amino acid 
transporter inhibitors; α-Glucosidase inhibitors

Deregulating cellular metabolism

EGF pathway inhibitors; Ras/Raf/ MEK/ERK pathway inhibitors; PI3K/AKT/mTOR 
pathway inhibitors; Wnt pathway inhibitors; PDGF pathway inhibitors; SCF/c-Kit 
pathway inhibitors; ALK pathway inhibitors; Hedgehog pathway inhibitors

Sustaining proliferative signalling

IGF pathway inhibitors; NF-κB pathway inhibitors Resisting apoptosis

VEGF pathway inhibitors Inducing angiogenesis

Shh pathway inhibitors; FAK inhibitors; Src inhibitors; EGFR inhibitors Expansive desmoplasia

Aurora kinase inhibitors; Cyclin-dependent kinase inhibitors Eluding growth suppressors

PD-L1 inhibitors; CTLA-4 inhibitors Avoiding immune destruction

PARP inhibitors Photodynamic agents; Bromodomain inhibitors; HDAC inhibitors Genome instability and damage

EGF: Epidermal growth factor; Ras/Raf/MEK/ERK: Rat sarcoma virus/Rapidly Accelerated Fibrosarcoma/Mitogen-activated protein 
kinase/extracellular-signal-regulated kinase; PI3K/AKT/mTOR: Phosphoinositide 3-kinases/Ak strain transforming/Mammalian target of rapamycin; 
Wnt: Wingless-related integration site; PDGF: Platelet-derived growth factor; SCF/c-Kit: Stem cell factor/receptor tyrosine kinase; ALK: Anaplastic 
lymphoma kinase; TGF-β: Transforming growth factor beta; HGF: Hepatocyte growth factor; JAK/STAT: Janus kinase/signal transducers and activators of 
transcription; BTK: Bruton tyrosine kinase; Src: Tyrosine-protein kinase (sarcoma); COX-2: Cyclooxygenase 2; NRF2: Nuclear factor erythroid 2–related 
factor 2; HIF-1: Hypoxia-inducible factor-1; PKCδ-PKD1: Protein Kinase Cδ-Polycystin 1, Transient Receptor Potential Channel Interacting; IGF: Insulin 
like growth factor; VEGF: Vascular endothelial growth factor.

STEM CELL FACTOR/C-KIT PATHWAY MODULATORS
In several cell lines of PanCa, the occupancy of c-Kit has been clearly mentioned. The stem cell factor tends to reinforce 
the differentiation as well as the proliferation of cells and also seems to be expressing towards its ligands. Masitinib tends 
to strongly inhibit both the platelet derived growth factor and stem cell factor signaling pathways, thus delivering such 
extremely promising outcomes. This affirmative feedback is often found to be combined with gemcitabine[34]. Moreover, 
this c-Kit pathway inhibitors effluxes the overexpressed ACOX1 marker which elucidates the efficiency in cancer patients
[35].

PI3K/AKT/MTOR PATHWAY MODULATORS
The inhibitors of some specific signaling pathways like PI3K/mTOR and Akt bring into play some indispensable control 
over multifarious processes that are closely related to the growth and survival of cells in case of disease as well as health
[36]. The mTOR/Akt and PI3 pathways also play distinctive key roles in several important cellular mechanisms like cell 
invasion, adhesion, and migration[37].

ROLE OF EPIGENETIC MODULATED PATHWAYS IN PANCA
Whole genome and exome sequencing has shown that a considerable portion of PDAC patients also carries non-germline 
mutations in chromatin remodelling complexes and epigenetic regulators, such as ARID1A/B, MLL2/3/4, PBRM1, 
SMARCA2/4, and KDM6A in addition to germline mutations. Moreover, the inactivation of KDM6A, MLL3, and MLL5 
(histone modification enzymes) and non-germline mutations in ARID1A occurred simultaneously with oncogenic KRAS 
in insertional mutagenesis screening of sleeping beauty transposon[38]. Vincent et al[39] discovered that the histone-
modifying enzyme-coding genes were mutated in all of the malignancies in our screen. These mutations helped 
oncogenic KRAS accelerate the progression of PDAC, indicating that changes to the epigenome are crucial for accelerating 
PDAC. These results demonstrate the importance of epigenetic regulation in the progression of PanCa[40].

Transcriptional silencing is linked to abberant CpG island methylation of multiple tumor suppressor genes, including 
p16, in pancreatic and other carcinomas. In 15% of PanCa, the p16 gene is reported to be inactive due to hypermethylation 
of the CpG island. With higher PanIN grades, there is a greater tendency for the loss of p16 protein production, The 
ppENK gene exhibits anomalous methylations in pancreatic carcinomas, as was recently established using representa-
tional difference analysis and methylation CpG island amplification (MCA)[41].
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PENK DNA methylation has been widely observed in precancerous lesions of varying severity, including extra- and 
intraluminal PTs and CPs, PanINs, IPMNs, and mucinous cystic neoplasms. Changes in PENK methylation increased 
with increasing coverage of tumor tissue, but were absent in autoimmune pancreatitis (AIP) and adjacent normal 
pancreatic tissue[3].

The m6A demethylase ALKBH5 was found to be downregulated in a gemcitabine-treated patient-derived xenograft 
model, and its overexpression made PDAC cells more sensitive to treatment. Reduced ALKBH5 levels predict poor 
clinical outcome in PDAC and other malignancies. Furthermore, both in vitro and in vivo, downregulation of ALKBH5 
greatly promotes PDAC cell proliferation, migration, and invasion, whereas overexpression has the opposite impact. The 
m6A global profile indicated changes in the expression of certain ALKBH5 target genes, such as Wnt inhibitor 1 (WIF-1), 
which associated with Wnt signaling pathway mediation and WIF-1 transactivation[42].

Met-enkephalin, a tonically active inhibitory factor that interacts with the opioid growth factor receptor, is encoded by 
the ppENK gene. Met-enkephalin was found to slow the growth of various human cancers, including PanCa, according to 
Zagon and colleagues. Comb and associates claim that the CpG island methylation of ppENK directly prevented a 
positively active transcription factor from binding, which in turn suppressed the production of the gene. Given this, it is a 
possible outcome that cell growth and carcinogenesis of the pancreas are promoted because of the methylation of the 
ppEK gene[41]. Moreover, α-catenin, angiogenesis inhibitor BAI3, CTNNA2, DPP6 (dipeptidyl-peptidase), GUCY1A2 
(guanylate cyclase), heterotrimeric G-protein-coupled receptor, protein kinases like PRKCG, and Q9H5F0- these genes 
were often altered at significantly lower frequencies[43]. According to the reports of Li et al[44] a total of 16420 genes 
having methylation information were found to be differently methylated, including 40 and 831 significantly 
hypomethylated and hypermethylated genes, respectively. SARM1, IRX4, IRF4, FOXC2, EN2, ZSCAN23, PTPN5, HOXB4, 
CACNA1, and IGF2BP1 were the 10 genes with the most significantly different methylation patterns. The 10 genes with 
the most different methylation patterns were REG4, C11orf34, BRD9, S100A16, HIST1H2BK, STATH, LRRC31, UBD, 
MIR548A1, and PSMG3[45].

Processes like the differentiation of neurons in the CNS, neuropeptide signaling pathway and organ development at 
the embryonic stage, were the most observed enrichment functions. According to the study, these genes were primarily 
engaged in signaling pathways for neuroactive ligand-receptor interaction, cAMP, salivary secretions, glutamatergic 
synapses, calcium, morphine addiction, circadian rhythm, nicotine addiction, and pancreatic secretions. Genes that 
significantly affect survival were included as taxonomic features in order to define molecular subtypes of PDAC in 
relation to prognosis[46]. An important finding from the univariate Cox proportional hazards regression model 
developed for clinical factors indicated that age should be considered as a significant parameter related to patient 
survival. These 135 significantly differentially methylation genes were included in the above-mentioned multivariate 
regression model together with age as a covariate to find variables that independently influence prognosis. Using 
multivariate Cox regression models, 78 differentially methylation genes substantially linked with prognosis were 
discovered[46,47].

Chatterjee et al[5], identified "regulation of ion transport", "alpha/beta interferon signaling", "morphogenesis and 
development" and "transcriptional dysregulation" as the four most statistically significant extended terms. Voltage-gated 
ion channels are membrane proteins that selectively transport ions and are activated by changes in membrane potential. 
The activation of channels permits potassium ions to move along the electrochemical gradient. Hypermethylation of the 
KCNA3 gene promoter may explain the poor expression of Kv1.3 in PDAC. The modulation of ion channels has been 
demonstrated to play a significant role in the regulation of cell death, evasion, and survival in the context of PDAC 
invasion and development.

In a study by Nones et al[48] 25 pathways were reported to be significantly affected by DNA methylation in PDACs. 
Axon guidance was one of the most significant (adjusted P value 5 1.91E-05) and was supported by MetaCore pathway 
analysis. This pathway was recently implicated in PDAC. Other pathways identified here as enriched for genes 
aberrantly methylated including cell adhesion, hedgehog signaling, TGF-b, integrin signaling and WNT/NOTCH 
signaling are well-known key cancer signaling previously described to be genetically altered in PDAC. WNT signaling 
has been reported to be aberrant methylated in PDAC cell lines. Our results confirm that this pathway is aberrantly 
methylated in this large cohort of PDAC. Stellate cell activation (adjusted P value3.26E-05) another interesting pathway 
identified here as significantly affected by DNA methylation deserves further investigation due its importance in PDAC. 
Pancreatic stellate cells are the main fibroblastic cells in PDAC and are known to interact with PanCa cells creating the 
fibrotic microenvironment of PDAC. It is hypothesized that the fibrous microenvironment of PDAC creates a barrier that 
impairs the delivery of chemotherapeutic drugs and promotes aggressive behaviour of tumor cells. Known genes are 
involved in astrocyte activation [cyclooxygenase-2, transforming growth factor-beta receptor 1, EGFR, tumor necrosis 
factor-alpha and MET were hypomethylated in PDAC and confirmed by bisulfite amplicon deep sequencing[48].

miRNAs are frequently suppressed in cancer cells and have the potential to act as tumor suppressors. Several miRNAs 
have been implicated in the development and spread of cancer in the pancreas, and it may one day be possible to stop the 
disease's progression by increasing the activity of a particular miRNA within a cell. The Food and Drug Administration 
(FDA) -approved drug Miravirsen, which employs miRNA to treat hepatitis C, has sparked interest in miRNA-based 
medicines for the treatment of PanCa. Regrettably, no treatments employing miRNAs or siRNAs that are comparable to 
them have been tried in clinical trials to treat PanCa, therefore miRNA will not be explored in great detail in this review. 
Nevertheless, we recommend individual study into the state of the art in miRNA studies[49].

In addition to confirming the mutations in the tumor suppressor and classical PDAC-associated oncogenes listed 
above, sequencing efforts have also revealed mutations in a variety of chromatin-modifying enzymes and complexes. The 
chromatin remodelers like, SWI/SNF family which alters nucleosome structure using ATP and accessibility of DNA in 
order to control gene transcription, includes the ARID1A component as one of their most often altered genes. 6% of the 
ARID1A mutations in human PDAC were found using multiplatform sequencing analysis. Although the role of ARID1A 
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as a PDAC-associated tumor suppressor gene is well documented, lymph node or distant metastases do not coincide with 
its expression levels. Instead, they are related to tumor stage and differentiation. When ARID1A is knocked out, acinar to 
ductal metaplasia and PanIN lesions develop as a result[41]. It's interesting to note that a recent study using genetically 
altered PanCa mice models demonstrated the importance of the survival gene Arid1a, whose absence inhibits cell 
development and causes cell death. In Ras-driven animal models, the deletion of ARID1A also prevents cell growth, 
leading to the emergence of inactive and low-quality cystic precursor lesions known as IPMNs[50]. The progression of 
Arid1a-deficient progenitor cells to adenocarcinomas, however, occurs during carcinogenesis via routes involving Tp53 
loss or Myc overexpression. PDAC has also been linked to mutations in the SWI/SNF subunits SMARCB1, ARID1B, 
BRG1, PBRM1, SMARCA2, and SMARCA4. In PanCa cell lines, BRG1 inactivating mutations and deletions have been 
discovered. BRG1, a crucial entity of the SWI/SNF chromatin remodelling complex, is an ATP-dependent helicase. 
Neoplastic lesions that mirror human intraductal papillary mucinous neoplasms are produced as a result of BRG1 
deletion and KRAS mutation, which aids in the progression of PDAC[41,51].

Methylation at particular genomic locations may put patients at risk for tumor recurrence following total surgical 
removal and may be a sign of local and/or systemic metastasis. The surgical resection margin methylation profile may be 
used as a biologic marker in the absence of histologic disease to detect remaining pancreatic tissue that is susceptible to 
tumor recurrence or that harbours multi-focal disease throughout the gland. The link between methylation abnormalities 
and Auto immuno pancreatitis (AIP), a representative Immunoglobulin G4 (IgG4)-related illness, has yet to be 
determined. Through methylation array research using the Methylation 450K BeadChip array, the scientists discovered 
that sphingosine kinase inhibitor (SKI) may have a major methylation anomaly in AIP and explored the connection of SKI 
with AIP clinicopathological characteristics. AIP had a considerably lower SKI methylation ratio than PDAC and nurse 
practitioner (NP). Furthermore, the immunohistochemical staining-index (SI) score for SKI in AIP was substantially 
greater than in NP, despite no significant difference between AIP and PDAC[52]. Both the serum IgG4 concentration and 
the SKI methylation ratio showed a strong negative connection between the SI score and the methylation ratio. SI and the 
serum IgG4 concentration were shown to be somewhat positively correlated. Givien that SKI is regarded as an oncogene, 
hypomethylation of SKI and carcinogenesis may be connected to AIP[53]. Additionally, the association between serum 
IgG4 levels and SKI methylation raises the possibility that SKI plays the role in the aetiology of AIP. NPTX2, along with 
Cyclin D2, FOXE1, TFPI2, ppENK, and p16 all had hypermethylation events (10%) according to a research by Kinugawa et 
al[54]. However, compared to NCA and NP, AIP had a considerably greaterTFPI2 methylation ratio.

THERAPEUTIC ASPECTS OF EPIGENETIC MODULATED PATHWAYS IN PDAC AND ITS ASSOCIATED 
PRECANCEROUS LESIONS
PDAC is a deadly illness with few therapy options. According to new research, PDAC includes numerous layers of 
epigenetic alterations. Because the change is possibly reversible, it is a possible therapeutic target. Epigenetic changes can 
potentially affect the tumor microenvironment, modulating and enhancing treatment. Because epigenetic changes occur 
early in the disease, epigenetic markers can also be employed as diagnostic screening tools. Immunotherapy is being used 
more frequently to treat solid organ tumors, however there is no benefit for PDAC because most patients do not respond 
to these new treatments[55,56]. Because epigenetic processes regulate underlying immune cell activities, resulting in an 
anti-tumor response, combining immunotherapy and epigenetic therapy may improve patient outcomes even more. 
PDACs are currently classified as three to five subtypes according on the system used[57,58]. Using transcriptomic 
profiling, two primary molecular subtypes of PDAC were discovered: classical and basal[59]. The traditional kind has a 
better prognosis and clinical significance. Basal subtypes have altered the methylation of effectors and inhibitors of the 
Wnt signaling pathway by analyzing the epigenomic landscape. Classical tumors are hypomethylated, resulting in 
upregulation of the cholesterol transporter NCP1L1[60]. Furthermore, basal tumors were discovered to contain dysregu-
lation of multiple genes related with established oncogenic signaling networks, including the MYC, erythroblastic 
oncogene B/EGFR, and transforming growth factor (TGF) signaling pathways. Chronic pancreatitis is a well-known risk 
factor for PDAC, which is consistent with the previously documented general link between tumor and inflammation[61,
62]. Early stage PanCa caused by inflammation is linked to epigenetic alterations. Damage to the pancreatic epithelium 
during a pancreatitis episode results in long-lasting transcriptional and epigenetic remodelling that creates epithelial 
memory that protects against strokes in the future[63].

Reader proteins, have lately been identified as prospective therapeutic targets, in particular the chromatin adaptors of 
the bromo and extra C-terminal (BET) family, after directly engaging with the histone tails with acetylated lysine 
residues, these proteins with bromodomains can bind transcription factors to the DNA, boosting the acetylation-induced 
transcriptional activation. BET proteins use the epigenetic landscape in this way to support the growth of PDAC cells. 
Given the wide variety of abnormal epigenetic marks that are possible targets for the advancement of anticancer therapy, 
the study of and application of epigenetic enzyme inhibitors for the anti-cancer therapy show promise[49,64].

Cell interactions and released substances can cause epigenetic alternations. It has been demonstrated that PDAC cells 
induced DNA methylation of the SOCS1 gene, acytokine supressor and cancer promoting growth factor, to boost tumor 
cell proliferation in vitro[63,65]. Clinical evidences demonstrating a higher 3-mo overall survival in patients missing 
SOCS1 methylationl end credence to this. In PDAC, lysine demethylase 3A (KDM3A) is an effective epigenetic regulator 
of immunotherapy responses. This enzyme controls the EGFR expressions[66]. Tumors produced by cancer cells deficient 
in KDM3A have infiltrating immune cells that are responsive to immunotherapy. To distinguish between PDAC and 
cancer precursor phase, methylation -specific electrophoresis was used to determine the methylation status of the MUC1, 
MUC2, and MUC4 genes in pancreatic fluids[67]. Additionally, the methylation status of the mucin genes was examined 
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using machine learning, and it was discovered that MUC1 and MUC4 hypomethylation levels were significantly 
correlated with poor prognosis[68].

Through the suppression of Hedgehog (Hh) signaling, improved gemcitabine delivery was shown in preclinical invest-
igations. Clinical studies were conducted for a number of cancers, but they were unsuccessful and did not progress to 
phase III trials[69]. However, preclinical research using epigenetic targeting of the proteins known as BET 
bromodomains, which controls the transcriptional output of Hh signaling, demonstrated positive results in vitro, 
suggesting possible synergistic therapeutic approaches[70]. BET bromodomain proteins are thought to be crucial contri-
bution to PDAC development and are a topic of active investigations[71]. Based on the transcription factor GATA-
binding factor 6 (GATA6)'s function as a regulator of the traditional PDAC subtype identity, the method to induce 
subtype switching in PDAC has been further investigated. A basal state is provided in PDAC by GATA6 depletion[72]. As 
a regulator of GATA6 transcription in PDAC, the histone methyltransferase zeste homologue 2 (EZH2) enhancer prevents 
the decreased EZH2-GATA6 and induced gene signatures present in traditional PDAC subtypes. Therefore, a potential 
target for PDAC treatment in the future is the EZH2-GATA6 axis[73]. Tazemetostat, an EZH2 inhibitor, has been FDA-
approved for use in the treatment of advanced epithelioid sarcoma and is currently being investigated in a phase II 
research in conjunction with ICI in the treatment of other solid tumors, including PDAC (NCT04705818)[74]. A hostile 
squamous cell subtype is promoted to differentiate in PDAC by epigenetic silencing of GATA6. Using genome-wide 
epigenetic mapping of the alterations 5-methylcytosine and 5-hydroxymethylcytosine (5hmC), this epigenetic dysregu-
lation was demonstrated[75]. Due to decreased production of the enzyme 5-methylcytosine hydroxylase TET2, these 
transcriptional subtypes exhibit a higher loss of 5hmC. In addition, reduction of SMAD4 expression revealed decreased 
5hmC and GATA6, resulting in a more squamous-like tumor. Blocking DNA methylation by utilizing the DNA methyl-
transferase (DNMT) inhibitor 5-azacytidine slows the growth of typical PDAC tumor. In contrast, utilising the same 
medication or DNMT knockdown via small interfering RNA boosted hyaluronic acid synthesis, ultimately increasing the 
advancement of PDACI[76]. Epithelial cells from normal pancreata and PDAC underwent transcriptomic and DNA 
methylomic analysis, which identified a subpopulation characterised by hypomethylation of repetitive regions, which in 
turn triggers an interferon-linked transcriptional programme[77]. The relationship between cell-of-origin and epigenetics 
and tumor heterogeneity can be seen in the fact that tumors with low methylation were more aggressive than tumors 
with high methylation, which kept more of their cell-of-origin characteristics[78].

A clinical trial examining the medication in solid tumor types, including PDAC, and the recent FDA approval of the 
EZH2 inhibitor tazemetostat for the treatment of advanced epithelioid sarcoma show a potential clinical relevance of the 
found EZH2-GATA6 axis in PDAC tumor[79]. Numerous researches have examined how DNA methylation mechanisms 
control the expression of genes in various TME components[80]. For instance, 5-azacytidine, a DNA methyltransferase 
(DNMT) inhibitor, inhibited global DNA methylation in epithelial PDAC cells and cancer-associated fibroblasts (CAFs), 
which slowed the evolution of PDAC[75]. In immunocompetent PDAC models, DNMT inhibition increased CD4 and 
CD8 T-cell infiltration and significantly reduced tumor size. Espinet et al[77] have discovered a link between low DNA 
methylation levels and subpar PDAC patient outcomes. They show that tumors with low levels of overall DNA 
methylation in the epithelial cells exhibit increased expression of endogenous retroviral transcripts, robust double-
stranded RNA sensing machinery engagement, activation of an interferon signature, and stromal cell reprogramming 
that is pro-tumourigenic in the PDAC TME. Clinical trials for a sequential strategy based on HDAC/DNMT inhibition, 
chemotherapy, and then PD-L1 blocking are now being conducted in PDAC, and the findings are highly anticipated[81].

Specifically, nucleoside-like inhibitors induce cytotoxicity through DNA damage brought on by the creation of DNMT-
DNA abducts, disrupt DNA methylation, and encourage the re-expression of dormant genes. Both outcomes support 
anticancer action[82]. Additionally, RNA modification of N6-methyladenosine (m6A) is a unique strategy for dynamic 
and reversible epigenetic control that has been discovered by researchers. By triggering the Wnt signaling cascade and 
changing Wnt I[82].

Inhibitory factor 1 (WIF-1), m6A accelerates the course of PanCa. Demethylase, m6A rubber, and the alkylation repair 
protein 5 (ALKBH5) homolog are increased in gemcitabine-treated sensitized PDAC cells. By demethylating m6A and 
consequently reducing WIF-1 and deactivating Wnt signaling, it slows the growth of tumors. In vitro and in vivo 
development and invasiveness are accelerated when PanCa cells lack ALKBH5[42,83]. As a result, ALKBH5 might be a 
brand-new target for PanCa treatment. Numerous studies have shown how DNMT inhibitors affect PanCa cell lines in 
vitro by inhibiting them, radiosensitizing them, and immunological sensitizing them. PanCa DNA repair regulation is 
mediated by H3K36 methylation. H3K36 is a SETD2-dependent protein that is essential for HR repair. Demethylating 
H3K36 by demethylase KDM4A alters heart rate. A transcription factor for MHCII, RFXAP has been linked to the 
inhibition of tumor growth. PDAC survival was favourably linked with RFXAP deficiency[84]. Ding et al[85] found that 
the natural flavonoid fisetin regulates H3K36 methylation to promote RFXAP and KDM4A expression and interferes with 
HR, leading to DNA damage and PDAC S-phase arrest[85]. Therefore, this tactic may constitute a cutting-edge 
therapeutic method for treating PanCa. DNMT inhibitors (DNMTis) are undertaking Phase I/II clinical trials in patients 
with PanCa and have been shown to sensitize PDAC cells to immune checkpoint blockade treatment and chemotherapy
[86]. Decitabine, alongside 5-aza, and guadecitabine are DNMTs used for PDAC. Haematological malignancies are also 
accepted to be treated with HDAC inhibitors (HDACis)[87]. Another therapeutic epigenetic approach for PanCa patients 
is HDAC inhibition. In PanCa cells, HDAC is, which includes SAHA and CUDC-101, can downregulate apoptotic 
inhibitory proteins including survivin and XIAP. Additionally, these HDACs can make PanCa more radiosensitive and 
make it cytotoxic[88]. AR-42, which is another potent HDACi against PanCa cells, can inhibit cell proliferation via 
inducing cell cycle arrest at G2 phase. Additionally, it can induce DNA damage, apoptosis, and p53 expression, 
suggesting that it may have therapeutic promise for the treatment of PanCa[89]. In addition to that, reader proteins with 
different bromodomains that attract proteins implicated in tumor initiation and elongation are blocked by the BET 
inhibitor JQ1 from binding to the BET domain. In the framework of personalized medicine, Bian et al[90] defined a novel 
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technique for PDAC classification and management based on sensitivity to JQ1 treatment. In order to select PanCa 
patients with unregulated c-MYC signaling pathways and demonstrate that these selected tumors exhibited greater 
susceptibility to BET inhibitor JQ1 treatment, the technique involved molecularly characterizing patient xenografts. 
According to the study, administering BET inhibitors in conjunction with conventional anticancer regimens may 
constitute an efficient therapy option for individuals who have been carefully chosen and categorized (Table 2)[83,91].

Mechanisms of faulty negative control of cell proliferation, in particular immune evasion, can also produce abnormal 
proliferation in the development of gastrointestinal malignancies, in addition to unchecked proliferation brought on by 
cell cycle dysregulation[92]. For instance, it was discovered by researchers that during PanCa, H3K4me3 of the BCL2L1, 
CFLAR, and MCL-1 gene promoters upregulates the production of the anti-apoptotic proteins Bcl-x, FLIP, and MCL-1, as 
well as the BAK1, BAX, and BCL2L11 gene promoters of Bak and Bax. Proapoptotic proteins like the Bim protein, for 
example, have their expression downregulated[93]. These six apoptosis-controlling genes are all essential for PanCa 
growth and development[94].

Initial investigations with human pancreatic cell lines showed that silencing KMT2D lowered the number and 
proportion of cells in G0/G1, which was accompanied by a drop in H3K4me1/2/3, indicating that histone methylation is 
actually involved in cells cycle management[95]. Further research has primarily focused on CKI control. P15 and P21 
genes, which encode two often reported CKIs, show higher levels of H3K27me3 and H3K9me3 and lower levels of 
H3K4me2/3 in gastrointestinal malignancies such as GC, CRC, HCC, and PanCa[96]. Upstream lncRNAs such as 
BLACAT1, SNHG17, and CASC15 can decrease P15 and P21 expression and cause G0/G1 checkpoint deficit. DZNep (3-
deazaneplanocin A), a powerful pharmacologic inhibitor of S-adenosylhomocysteine hydrolase, modifies chromatin 
accessibility via inhibiting histone methyltransferases such as EZH2[97,98]. It results in a large decrease in H3K27me3 (a 
primary repressive histone mark) levels, as well as a significant decrease in cell proliferation and migration in CRC. 
Similar effects can be seen in PanCa, with decreased global H3K27me3 levels leading to re-expression of miR-218, limiting 
cell growth, encouraging apoptosis, and finally triggering cell cycle arrest in PanCa cells[99]. Another study found that 
DZNep significantly modulates miR-663a and miR-4787-5p expression and consecutively suppresses TGFb1-induced 
EMT signaling in PanCa[98,100]. UNC1999, an EZH2-specific inhibitor, not only lowers the abnormal H3K27 methylation 
that characterizes PanCa cells, but it also slows cancer cell proliferation in three model systems[101]. Furthermore, chaeto-
spirolactone has been shown to suppress the activity of the epigenetic regulator EZH2 and consistently decrease 
H3K27me3 to allow for the transcription of DR4, which then binds to TRAIL and culminates in the activation of initiator 
caspase-8 and the formation of the death-inducing signaling complex[102]. As a result, diosgenin, garcinol, FBW7 and 
curcumin analogue CDF have also been identified as potential agents targeting EZH2 to prevent the development of 
PanCa[97,103]. Amalgamation treatment with the HMT inhibitor panH3K9me chaetocin and an aurorakinase A (AURKA) 
inhibitor reduces H3K9 methylation at the centrosome, generating mitotic abnormalities that eventually drive aberrant 
mitotic checkpoint responses and eventually mitotic catastrophe in PanCa[104].

CONCLUSION
Since PanCa patients have a dismal prognosis, understanding the molecular events that drive this terrible tumor disease 
is critical for developing alternative and more effective treatment regimens and determining trustworthy diagnostic 
indicators. The role of epigenetics in the initiation, development, and evolution of PDAC has been demonstrated by 
advances in high throughput sequencing and genome-wide association studies. This review covers the major epigenetic 
signaling pathways as well as how the epigenetic machinery is altered or 'hijacked' in PanCa. Recent epigenetic research 
has considerably expanded our understanding of the regulatory characteristics involved in PanCa initiation, and 
progression, along with metastasis tumor. As discussed in this article, DNA-based epigenetic processes have been shown 
to play a role in PanCa and may serve as potential therapeutic targets aimed at rectifying epigenetic dysregulation of 
cellular machinery. Initial clinical trials with DNMT inhibitors at stages I-III are presently underway, paving the path for 
the creation of innovative, and hopefully more successful, 'epidrugs' for patients with PanCa. As a result, we believe that 
targeting epigenetic regulators and modulators with successful pharmaceutical or even immunotherapeutic techniques 
would be a game changer in the fight against this aggressive cancer. One significant restriction of using such epigenetic 
reprogramming of PDAC tumors is the danger of pleiotropic effects, which occur when certain components of the 
epigenetic machinery have opposite effects in different cellular compartments. Recent improvements in single-cell 
sequencing technologies that provide multi-omics information from the genome and transcriptome may be useful in 
determining the specific involvement of the several players in the epigenetic regulation of PDAC tumors. Overall, 
manipulating the epigenetic machinery, either alone or as part of a combination treatment plan, has the potential to 
reprogram the aggressive PDAC tumor profile to a less aggressive or easily identifiable and curable state, thereby 
benefiting patients in the future. In conclusion, we conclude that when cancer-associated signaling pathways are 
evaluated as a combined shift in "genomic-epigenomic-and-nuclear" structure, an even more realistic picture of PanCa 
will be obtained. Early preneoplastic lesions in this organ appear to require only a few mutations to initiate a process of 
aberrant organogenesis via self-reinforcing pathological loops. During metastatic progression, epigenomic landscapes 
defined by the differential acquisition of enhancers and super-enhancers appear to be required to maintain inheritable, 
cancer-associated gene expression patterns that support the heterogeneous differentiation of human PanCa tumors. This 
has given unique insights into an arsenal of novel, potentially actionable signaling pathways that were not previously 
achieved through genomic analyses, supporting the notion that effective future PDAC therapeutic regimens will require 
precision medicine approaches that include epigenomic targets.
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Table 2 Current ongoing trails targeting epigenetic therapy (combination drugs) in Pancreatic Cancer

Drug names Combination agents Trail phase NCT number

Panobinostat vorinostat Various antineoplastic drugs Phase 1 NCT03878524

Vorinostat Capecitabine + radiation Phase 1/2 NCT00948688

Tazemetostat Durvalumab/gemcitabine Phase 2 recruiting NCT04705818

Durvalumab Tazemetostat Phase 2 NCT04705818

Romidepsin, azacitidine Durvalumab, lenalidomide, nab-paclitaxel Phase 1/2 recruiting NCT04257448

Azacitidine Chemotherapy after progression Phase 2 active NCT01845805

Vorinostat Gemcitabine, sorafenib +/−, radiation Phase 1 active NCT02349867

CC-486 (oral azacitidine) – Phase 2 active NCT01845805

Azacitidine, not recruiting Pembrolizumab Phase 2 active NCT03264404

Tazemetostat Durvalumab Phase 2 NCT04705818

MK-8628 - Phase 1 completed NCT02259114

Rx-3117 Nab-paclitaxel 1,2 NCT03189914

Entinostat Nivolumab Phase 2 completed NCT03250273

Decitabine Tetrahydrouridine Phase 1 completed NCT02847000

Vorinostat Capecitabine Phase 1 completed NCT00983268

Azacitidine nab-Paclitaxel, carboplatin Phase 1 completed NCT01478685

Vorinostat NPI-0052 (marizomib) Phase 1 completed NCT00667082

Azacitidine Pembrolizumab Phase 2 recruiting NCT03264404

Azacitidine Abraxane, gemcitabine Phase 2 active NCT01845805

Entinostat Nivolumab Phase 2 active NCT03250273
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Abstract
Gastric cancer (GC) remains among the most common cancers worldwide with a 
high mortality-to-incidence ratio. Accumulated evidence suggests that  long non-
coding RNAs (lncRNAs) are involved in gastric carcinogenesis. These transcripts 
are longer than 200 nucleotides and modulate gene expression at multiple 
molecular levels, inducing or inhibiting biological processes and diseases. 
Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is one of the 
best-studied lncRNAs with comprehensive actions contributing to cancer 
progression. This lncRNA regulates gene expression at the transcriptional and 
posttranscriptional levels through interactions with microRNAs and proteins. In 
the present review, we discussed the molecular mechanism of MALAT1 and 
summarized the current knowledge of its expression in GC. Moreover, we 
highlighted the potential use of MALAT1 as a biomarker, including liquid biopsy.
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Core Tip: Gastric cancer (GC) is one of the leading causes of cancer-related deaths globally, highlighting the need for novel 
biomarker for improved evaluation. The long noncoding RNAs metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) plays a crucial role in many cellular processes associated with GC progression, including proliferation, invasion, 
metastasis, and drug response. The current review summarizes the present knowledge of MALAT1 in GC, elucidating its 
molecular mechanisms of action and potential as a biomarker for the clinical management of GC.
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adenocarcinoma transcript 1 molecular mechanisms in gastric cancer progression. World J Gastrointest Oncol 2023; 15(9): 1520-1530
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INTRODUCTION
Gastric cancer (GC) is the fifth most prevalent neoplasm and the fourth leading cause of cancer-related deaths worldwide. 
Despite advancements in treatment modalities, the prognosis for advanced GC remains poor. Therefore, one of the main 
factors related to the high incidence and mortality of GC is complex tumor heterogeneity at the molecular level, which 
poses a major challenge to comprehensively understanding the mechanisms underlying gastric tumorigenesis[1]. As 
such, identifying molecular biomarkers is critical for improving the clinical outcomes of GC patients.

Advanced RNA-sequencing techniques have allowed the discovery of novel contributors to tumor development, as 
noncoding RNAs (ncRNAs)[2]. NcRNAs are essential regulators of gene expression that play a vital role in the 
progression of GC, including mainly microRNAs (miRNAs) and long ncRNAs (lncRNAs)[3-5].

MiRNAs are a class of small RNAs with an average 22 nucleotides in length that modulate negatively the expression of 
target mRNAs by base-pairing complementarity. This interaction between the two nuclei acids is dynamic and dependent 
on many factors, such as subcellular location of miRNAs, the abundance of miRNAs and target mRNAs, and the affinity 
of miRNA-mRNA interactions. Interestingly, these ncRNAs may play an essential role in intercellular signaling. Mature 
miRNAs transported to the cytoplasm may cross gap junctions (intercellular channels present in the plasma membrane of 
solid tissues, allowing communication between adjacent cell) and target mRNAs in neighboring cells[6-8].

In contrast, lncRNAs are transcripts highly heterogeneous with more than 200 nucleotides[9] that play a crucial role as 
master regulators by interacting with DNA, RNA, or proteins to regulate gene expression[10,11].

Due to their complex characteristics, lncRNAs can be classificafied based on their genomic location relative to the 
nearest protein-coding genes. These classifications include: (1) Long intergenic ncRNAs, which do not overlap or are close 
to protein-coding genes; (2) Sense lncRNAs, which are on the same strand and transcribed in the same direction; (3) 
Antisense lncRNAs, which are situated on the opposite strand and overlap protein-coding genes; (4) Intronic lncRNAs, 
whose sequence is within the boundaries of introns; and (5) Bidirectional lncRNAs, positioned on the antisense strand 
and having their transcription start site (TSS) near the TSS of protein-coding genes, with transcription occurring in the 
opposite direction[12-14].

In addition, lncRNAs exhibit archetypes that distinguish them based on molecular functions: (1) Signals are stimuli 
expressed lncRNAs that interact with transcription factors or chromatin modifiers; (2) Decoy lncRNAs bind to regulatory 
factors, turning off their activity; (3) Guide lncRNAs recruit and direct chromatin modifiers or transcription factors to 
specific target genomic locations, either in cis (neighboring-genes) or in trans (distantly-located genes); and (4) Scaffold 
lncRNAs function as structural elements in the assembly and organization of ribonucleoprotein complexes[15].

Over recent years, evidence has suggested that lncRNAs are key players in the initiation, progression, and response to 
therapy in GC[16,17]. Regarding their role in cancer, lncRNAs participate in different biological processes, including cell 
proliferation, angiogenesis, autophagy, apoptosis, differentiation, and immune responses. Consequently, they may be 
potential targets for clinical applications[18].

Among the lncRNAs involved in GC, metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) has gained 
attention as a promoter of cancer progression and an inhibitor of cell sensitivity to therapies[19]. Here, we summarized 
the current knowledge regarding MALAT1 function and its putative role in biological processes, including GC. 
Furthermore, we explored the association of MALAT1 overexpression with the clinicopathological features of GC patients 
and highlighted its potential as a biomarker for diagnosis, prognosis, and prediction of response to therapy.

MALAT1
MALAT1, also known as nuclear enriched abundant transcript 2, is a transcript > 8.7 kbp encoded on human 
chromosome 11q13.1 widely expressed in normal tissues, especially in the lung and pancreas. Compared to other 
lncRNAs, MALAT1 exhibits a distinctive triple helix structure at its 3' end. This unique structural feature has been 
demonstrated to provide protection against exonucleases, contributing to the enhanced stability of MALAT1[20,21]. The 
subcellular localization determines the molecular functions of MALAT1. Generally, this lncRNA resides in nuclear 
speckles and specific nuclear bodies enriched with epigenetic regulators, splicing, and transcription factors. Within these 
nuclear bodies, MALAT1 can interact with various proteins, enabling it to exert regulatory control over alternative 
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splicing (AS) and transcription processes[22] (Figure 1).
MALAT1 has been shown modulate recruitment of pre-mRNA splicing factors, such as serine/arginine-rich (SR) 

proteins, acting as a sponge of these components. As illustrated in Figure 1, MALAT1 can influence endogenous pre-
mRNA AS through the regulation of SR protein phosphorylation and dephosphorylation. This process leads to modific-
ations in mRNA expression and subsequent alterations in cellular function[22,23].

Furthermore, MALAT1 plays a significant role in modulating gene expression through its interactions with 
transcription factors, such as members of the polycomb2 protein family and transcriptional enhanced factors with TEA/
ATTS domain (TEAD). The crosstalk between MALAT1 and TEAD blocks their association with the coactivator Yes-
associated protein, resulting in a negative modulation of gene transcription[24].

In addition to influencing splicing and transcription, MALAT1 also can act as a competitive endogenous RNA (ceRNA) 
or miRNA sponge to sequester miRNAs under various conditions. CeRNAs are genetic components that control gene 
expression at a posttranscriptional level. They share miRNA response elements and compete with mRNAs for miRNA 
binding[25]. Consequently, binding of ceRNAs to miRNAs releases the target mRNA, allowing their translation[21,26,
27]. Accumulating evidence supports the regulatory role of MALAT1 in endothelial cell function and vascular growth. A 
study conducted by Michalik et al[28] reported that inhibiting MALAT1 has an antiproliferative and promigratory effect 
on endothelial cells. Moreover, this transcript differentiates bone marrow-derived mesenchymal stem cells from 
endothelial cells, contributing to endothelial repair[29]. However, further research is required to understand the role of 
MALAT1 in physiological processes.

Several studies have shown the involvement of MALAT1 in the molecular mechanisms of various complex diseases, 
including cardiovascular and neurodegenerative disorders, as well as solid tumors such as lung cancer, pancreatic cancer, 
breast cancer, and GC[30,31].

MALAT1 IN GC
MALAT1 overexpression has been linked with the clinical characteristics of GC patients, including histological subtype, 
tumor node metastasis stage, overall survival (OS), and drug resistance (Table 1).

Notably, drug resistance a major challenge in the clinical management of GC[32-36]. For instance, Zhang et al[36] 
showed that MALAT1 expression was noticeably higher in tissue samples from 24 GC patients with oxaliplatin (OXA) 
resistance than in GC patients without chemoresistance.

Recently, new avenues have opened in the complex field of GC-related lncRNAs. Circulating lncRNAs have attracted 
considerable attention as potential minimally invasive diagnostic, prognostic, and predictive biomarkers. Even in 
unfavorable circumstances such as severe potential of hydrogen and numerous freeze-thaw cycles, ncRNAs in body 
fluids are resistant to exonucleases and highly stable[16,36,37].

Notably, circulating MALAT1 levels in body fluids and clinicopathological traits of GC patients were related to in three 
studies. For example, Xia et al[38] identified that circulating MALAT1 expression in plasma from GC patients was 
significantly higher at later stages of tumor development and in tumors that had undergone extensive metastasis. In 
contrast, circulating MALAT1 levels in GC patients without metastasis showed no significant difference compared to 
healthy controls. Taken together, these results suggest that circulating MALAT1 expression is linked to widespread 
metastasis and tumor stage, indicating its potential as a prognostic biomarker for GC.

Moreover, in their study, Lu et al[39] observed higher circulating MALAT1 expression in sera from GC patients 
without metastasis than healthy controls. They also found that GC patients with advanced stage had higher levels of 
MALAT1 expression than GC patients within early stages, indicating the potential of MALAT1 as both a prognostic and 
diagnostic tool.

Similarly, Zhu et al[33] conducted research with plasma samples from 64 GC patients. Circulating MALAT1 was 
overexpressed in plasma samples from GC patients compared to healthy controls. An estimated area under the curve 
value of 0.898 from receiver operating characteristic analyses indicates that MALAT1 may effectively discriminate against 
GC patients from healthy controls. These findings support the utilization of lncRNAs as valuable tools for improving the 
clinical management of GC.

Overall, the collective results of these studies consistently indicate that MALAT1 overexpression in plasma and serum 
is correlated with patients clinicopathological characteristics, highlighting its importance as a valuable prognostic and 
diagnostic biomarker in GC.

MOLECULAR MECHANISMS OF MALAT1 IN GC
Several studies have also explored the molecular mechanism of MALAT1 using GC cell lines, highlighting that MALAT1 
plays putative role in chemoresistance, metastasis, and angiogenesis (Table 2).

CHEMORESISTANCE
Cisplatin and OXA are platinum compounds and alkylating agents widely used in cancer treatment, and the latter is 
more commonly used in gastrointestinal malignancies. These molecules form metal adducts through their interaction 
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Table 1 MALAT1 overexpression and clinical characteristics in GC patients

Samples Sample Clinical implications Ref.

61 GC/DM, 50 GC/NDM, 36 C Plasma, tissue Staging, Metastasis Xia et al[38]

150 GC, 15 peritumoral paraffin-
embedded

Tissue OS, PFS Li et al[49]

78 GC, 78 NTAT Tissue Staging, LNM Li et al[52]

60 GC, 60 NTAT Tissue Staging, LNM, Tumor size Zhang et al[53]

20 GC, 20 NTAT Tissue Metastasis Chen et al[54]

70 GC, 70 C Serum Staging Lu et al[39]

89 GC, 89 NTAT Tissue LNM, Tumor size Yan et al[32]

64 GC, 64 NTAT, 64 C Tissue, plasma Metastasis Zhu et al[33]

30 GC, 30 NTAT Tissue Vascular invasion, Lymphatic invasion Esfandi et al[30]

37 GC, 37 NTAT Tissue Staging Li et al[34]

30 GC, 30 NTAT Tissue OS Dai et al[35]

24 GC, 24 NTAT, 24 GC/OXA Tissue Chemoresistance Zhang et al[36]

C: control samples without cancer; GC: gastric cancer patients; GC/OXA: gastric cancer patients treated with oxaliplatin; GC/DM: gastric cancer patients 
with distant metastasis; CG/NDM: gastric cancer patients withoutmetastasis; LNM: lymph node metastasis; OS: overall survival; NTAT: nontumoral 
adjacent tissues of GC patients; PFS: progression-free survival.

with DNA, forming interstrand or intrastrand DNA crosslinks that disrupt DNA replication and transcriptional processes
[40,41].

Among the observed miRNAs, miR-22-3p was the sole miRNA observed in more than one study. In GC, miR-22-3p 
acts as a tumor suppressor, effectively inhibiting cell proliferation and cell sensitivity to therapy[34,36]. In the context of 
OXA resistance, MALAT1 functions as a ceRNA for miR-22-3p, exerting control over ZPF91 expression and increasing 
GC cell resistance to OXA. Notably, overexpression of MALAT1 enhances cell proliferation, confers resistance to OXA, 
and inhibits cell death mechanisms[36]. Consistent with these findings, Zhang et al[36] also reported the relationship 
between MALAT1 and cellular sensitivity to OXA in GC cell lines. Knockdown of MALAT1 using small interfering RNA 
MALAT1 (siMALAT1) reduced the level of ZPF91 protein and increased miR-22-3p expression. Furthermore, transfection 
of miR-22-3p in OXA-resistant cell lines yielded similar results.

Additionally, MALAT1 regulates phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)/ serine/threonine-protein 
kinase (AKT) pathway promoting GC cell resistance to cisplatin. Knockdown of MALAT1 using siMALAT1 decreased 
PI3K and AKT activity, reducing GC cell proliferation, migration, and invasion. In contrast, GC cell lines treated with 
plasmid cloning DNA-MALAT1 (pcDNA-MALAT1) did not impact on the expression of PI3K, AKT, and signal 
transducer and activator of transcription 3[35].

These findings highlight the multifaceted involvement of MALAT1 in modulating drug resistance in GC, provide 
insights into the underlying mechanisms through which it influences cellular responses to therapy, and show the 
untapped potential of MALAT1 as a therapeutic target for GC treatment.

METASTASIS
From the data of several studies described in this review, epithelial-mesenchymal transition (EMT) markers were the 
most frequently reported proteins associated with MALAT1 overexpression in GC cell lines. Specifically, Vimentin and E-
cadherin emerged as the most reported proteins linked to MALAT1 dysregulation in GC. EMT is a crucial stage in the 
metastatic process, characterized by losing epithelial properties and acquiring of mesenchymal characteristics[42].

MALAT1 upregulation led to a reduction in E-cadherin expression and an increase in vimentin. In GC, E-cadherin acts 
as a tumor suppressor by preserving cell adhesion and inhibiting cell migration and invasion, while vimentin enhances 
GC cell migration and invasion[43,44].

Moreover, chemokine ligand 21 may upregulate MALAT1, promoting the expression of serine and arginine-rich 
splicing factor 1 (SRSF1) and the activation of the mammalian target of rapamycin (mTOR) pathway, consequently 
facilitating EMT[45]. Transfection assays using overexpression vectors and siMALAT1 demonstrated that the upregu-
lation of MALAT1 increased the expression of SRSF1 protein and the phosphorylation of the mTOR pathway, leading to 
the downregulation of E-cadherin and overexpression of vimentin, slug, snail, and twist. Furthermore, the role of 
MALAT1 as a ceRNA for miR-202-3p contributes to the positive regulation of SRSF1, enhancing EMT processes 
(Figure 2).
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Table 2 MALAT1 molecular mechanism in GC

Cell line Molecular interactions Main discoveries Ref.

MKN28, SGC7901, BCG823, GES1 EGFL7 MALAT1/EGFL7 axis promotes 
metastasis and cell invasion

Deng et al[46]

MKN45, AGS, GES1 EZH2/PCDH10 MALAT1 recruits EZH2 to inhibit the 
synthesis of cadherin PCDH10, promoting 
metastasis

Qi et al[55]

SGC7901, MKN 45, BGC823, CTC141, 
CTC105, GES1

miR-122/IGF1R miR-122/IGF1R axis causes dysregulation 
of MALAT1, increasing cell invasion and 
migration of cells

Xia et al[38]

SGC7901, MKN45, BGC823, AGS, 
SGC7901NM, SGC7901M, GES1

E-cadherin, vimentin, SLUG, SNAIL, 
TWIST

MALAT1 contributes to cell migration, 
invasion, and proliferation by upregu-
lating EMT markers and downregulating 
E-cadherin

Chen et al[54]

MKN28, MKN74, AGS RASSF6, β-catenin Dysregulation of MALAT1 improves the 
expression of β-catenin and other EMT 
markers, promoting metastasis

Lee et al[56]

BGC823, SGC7901, HEK293T, GES1 UPF1 Overexpression of MALAT1 causes 
hypermethylation of the UPF1 promoter, 
increasing cell migration, invasion, and 
proliferation

Li et al[57]

BGC823, SGC7901, MKN45, AGS, 
BGC803, MGC803, GES1

VE-cadherin/β-catenin, ERK/MMP, 
FAK/paxillin

MALAT1 promotes angiogenesis by 
through vasculogenic mimicry

Li et al[49]

BGC823, SGC7901, MKN45, MKN28, 
GES1

miR-1297/HMGB2 MALAT1/miR-1297 increases HMGB2 
protein, promoting cell invasion and 
proliferation of cells

Li et al[52]

SGC7901, SGC7901/VCR, BGC823 miR-23b-3p/ATG12 MALAT1/miR-23b-3p, promotes drug 
resistance via the ATG12 protein

YiRen et al[37]

SGC7901, MKN45, MKN28, GES1 miR-202/GLI2 MALAT1/miR-202, increases GLI2 
expression, inducing tumor progression 
and cell proliferation

Zhang et al[53]

BGC823, SGC7901, GES1 Vimentin, E-cadherin MALAT1 decreases E-cadherin and 
increases vimentin expression, promoting 
EMT

Yang et al[58]

BGC823, HGC27, SGC7901, GES1 miR-183/SIRT1, PI3KCA/AKT/mTOR MALAT1/miR-183 increases SIRT1 
protein expression, increasing cell 
viability, and inhibiting cell apoptosis

Li et al[59]

MGC803, GES1 miR-181a-5p/AKT3 MALAT1/miR-181a-5p increases AKT3 
protein expression, promoting cell prolif-
eration and inhibiting cell apoptosis

Lu et al[39]

MKN45, SGC7901, GES1 Vimentin, E-cadherin, SOX2 MALAT1 increases cell stemness via the 
SOX2 protein, and promotes metastasis

Xiao et al[60]

BGC823, HGC27, MKN45, AGS, GES1 IL-21R/miR-125a MALAT1/miR-125a increases IL-21R 
expression, increasing cell invasion

Yan et al[32]

AGS, SNU1 PI3KCA/AKT MALAT1 contributes to cell proliferation, 
invasion, and migration through the 
PI3KCA/AKT pathway

Zhu et al[33]

MKN45, MKN28, MGC803, 
MGC803/CDDP, HGC27, NCIN87, 
AGS, GES1

PI3KCA/AKT MALAT1 increases PI3KCA, AKT and 
STAT3 activity, promoting resistance to 
cisplatin

Dai et al[35]

SGC7901, BGC823, GES1 miR-22-3p/ErbB3 MALAT1/miR22-3p inhibits cell 
apoptosis

Li et al[34]

CTC141, CTC105, MKN45, GES1 miR-204/MAP1LC3B/TRPM3 MALAT1/miR-204 increases the 
expression of LC3B and TRPM3, 
promoting autophagy

Shao et al[18]

SGC7901, BGC823, SGC7901/OXA, 
BGC823/OXA

miR22-3p/ZFP91 MALAT1 increases resistance to OXA Zhang et al[36]

SGC7901, SGC7901/CDDP miR-30e/ATG5 MALAT1 acts as a ceRNA to miR-30e, 
raising cisplatin resistance and autophagy 
via the miR-30e/AGT5 axis

Zhang et al[61]
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SGC7901, MGC803, HEK293T CCL21, miR-202-3p/SRSF1, SRSF1/mTOR MALAT1 promotes EMT through miR-
202-3p/SRSF1/ mTOR

Fu et al[45]

AKT: erine/threonine-protein kinase; ATG5: Autophagy related 5; ATG12: autophagy related 12; CCL21: C-C Motif Chemokine Ligand 21; ceRNA: 
Competitive endogenous RNA; EGFL7: Epidermal growth factor-like domain-containing protein 7; ERBB3: Erb-b2 receptor tyrosine kinase 3; ERK: 
Extracellular signal-regulated kinase; EMT: Epithelial-mesenchymal transition; EZH2: Enhancer of zeste 2 polycomb repressive complex 2 subunit; FAK: 
Focal adhesion kinase; GLI2: GLI family zinc finger 2; HMGB2: High mobility group box 2; IGF1R: insulin like growth factor 1 receptor; IL-21R: Interleukin 
21 receptor; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; MAP1LC3B: Microtubule Associated Protein 1 Light Chain 3 Beta; mTOR: 
Mammalian target of rapamycin; MMP: Matrix metalloproteinases; OXA: Oxaliplatin; PCDH10: Protocadherin 10; PI3KCA: Phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit alpha; RASSF6: Ras association domain family member 6; SIRT1: Sirtuin 1; SOX2: SRY-box transcription factor 2; 
SRSF1: Serine and arginine-rich splicing factor 1; STAT3: Signal transducer and activator of transcription 3; TRPM3: Transient receptor potential cation 
channel subfamily M member 3; UPF1: UPF1 RNA helicase and ATPase; ZFP91: Zinc finger protein 91.

Figure 1 Metastasis-associated lung adenocarcinoma transcript 1 subcellular location. A: Metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) is the red strand around the nuclear spots (white spheres), MALAT1 can interact with proteins present in nuclear speckles; B: MALAT1 can interact with 
serine/arginine proteins to modulate alternative splicing of pre-mRNAs; C: MALAT1 binds with transcriptional enhancer factor transcriptional enhanced factors with 
TEA/ATTS domain, blocking Yes-associated protein, inhibiting gene transcription. MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; SR: 
Serine/arginine-rich; TEAD: Transcriptional enhanced factors with TEA/ATTS domain; YAP: Yes-associated protein.

Additionally, MALAT1 overexpression significantly impacts themetastasis, invasion, and migration of GC cells 
through epidermal growth factor-like domain-containing protein 7 (EGFL7). Transfection assays with siMALAT1 in 
BGC823 cells demonstrated a reduction in acetylation of the promoter region EGFL7 located in histone H3, decreasing the 
EGFL7 protein level. Conversely, the injection of pcDNA-MALAT1 into MKN28 cells increased EGFL7 acetylation and 
EGFL7 protein concentration[46] (Figure 3).

Therefore, MALAT1 plays a pivotal role in promoting EMT, invasion, and migration of GC cells, suggesting its 
potential as a therapeutic target for metastasis and EMT. These compelling findings underscore the need for further 
research in this area, warranting exploration to understand its potential as a therapeutic target and assess its clinical 
significance.
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Figure 2 Metastasis-associated lung adenocarcinoma transcript 1 expression is influenced by protein CCL21. Metastasis-associated lung 
adenocarcinoma transcript 1 sponges miR-202-3p, then SRSF1 mRNA (serine and arginine-rich splicing factor 1) is translated in protein and activates mammalian 
target of rapamycin pathway improving epithelial-mesenchymal transition (EMT) factors and decreasing E-cadherin expression. EMT: epithelial-mesenchymal 
transition; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; SRSF1: serine and arginine-rich splicing factor 1; mTOR: Mammalian target of 
rapamycin.

ANGIOGENESIS
Angiogenesis comprises the growth of new blood vessels from preexisting vasculature, providing tissues with oxygen 
and nutrients essential to tumor progression[47,48]. Vasculogenic mimicry (VM) is a phenomenon observed in highly 
aggressive tumors, where malignant cells imitate endothelial cells, contributing to the formation of microvascular 
channels that supply blood to cancer cells[49]. A key player in this process is CDH5 or vascular endothelial-cadherin, a 
transmembrane protein commonly expressed in the endothelium that acts to form and maintain adherent junctions 
between endothelial cells [50,51].

Furthermore, Li et al[49] revealed that MALAT1 overexpression regulates the expression of CDH5 and β-catenin. 
Interestingly, the knockdown of MALAT1 in vitro showed a significant decrease in the expression of the CDH5/β-catenin 
complex. When upregulated, MALAT1 influenced the CDH5/β-catenin complex to initiate VM and increase vascular 
permeability.

MALAT1 expression was also associated with the extracellular signal-regulated kinase (ERK)/matrix metallopro-
teinase (MMP) and focal adhesion kinase (FAK)/paxillin complexes. Upregulation of MALAT1 increased the activity of 
ERK, FAK, and paxillin; and increased the expression of MMPs, enhancing VM.

These insights provide valuable evidence for the involvement of MALAT1 in the modulation of these processes. 
However, further studies are warranted to clarify the intricate mechanism on how MALAT1 exerts influence over CDH5, 
which may offer potential avenues for targeted therapeutic interventions against VM and angiogenesis in GC.

CONCLUSION
In summary, MALAT1 is an antisense lncRNA that acts as a fundamental regulator of gene expression through 
interactions with proteins or miRNAs. In GC, MALAT1 has the potential to be a pivotal contributor to various molecular 
mechanisms, including EMT, apoptosis, proliferation, cell migration, and invasion.

Accumulating evidence has demonstrated a significant tumor suppressor role of miR-22-3p and its interaction with 
MALAT1 in GC, inhibiting cell apoptosis and increasing GC cell resistance to OXA.

Moreover, studies have correlated MALAT1 overexpression in the tissues and liquid biopsy samples of GC patients 
with metastasis, staging, worse OS, tumor size, and chemoresistance. The presence of MALAT1 in plasma and serum 
samples allows the use of minimally invasive collection methods. Although additional validations are needed, these 
findings show the potential of MALAT1 as a prognostic biomarker and therapeutic target. Further research to elucidate 
MALAT1 mechanisms of action may identify a new target of interest for translation into clinical applications, thereby 
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Figure 3 MALAT1 modulates acetylation in promoter region epidermal growth factor-like domain-containing protein 7 located in histone 
H3. A: Transfection of small interfering MALAT1 reduces acetylation on promoter region of EGFL7 gene (Epidermal growth factor-like domain-containing protein 7), 
decreasing metastasis, cell invasion and migration; B: Plasmid cloning DNA-MALAT1 transfection increases EGFL7 acetylation and protein expression, promoting 
migration, invasion, and metastasis of GC cells. EGFL7: Epidermal growth factor-like domain-containing protein 7; MALAT1: Metastasis-associated lung 
adenocarcinoma transcript 1; siMALAT1: Small interfering RNA MALAT1; pcDNA-MALAT1: Plasmid cloning DNA-MALAT1; siEGFL7: Small interfering RNA EGFL7.

improving the personalized clinical management of GC.
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Abstract
BACKGROUND 
Extensive evidence has illustrated the promotive role of integrin binding 
sialoprotein (IBSP) in the progression of multiple cancers. However, little is 
known about the functions of IBSP in gastric cancer (GC) progression.

AIM 
To investigate the mechanism underlying the regulatory effects of IBSP in GC 
progression, and the relationship between IBSP and cleavage and polyadenylation 
factor 6 (CPSF6) in this process.

METHODS 
The mRNA and protein expression of relevant genes were assessed through real-
time quantitative polymerase chain reaction and Western blot, respectively. Cell 
viability was evaluated by Cell Counting Kit-8 assay. Cell invasion and migration 
were evaluated by Transwell assay. Pyroptosis was measured by flow cytometry. 
The binding between CPSF6 and IBSP was confirmed by luciferase reporter and 
RNA immunoprecipitation (RIP) assays.

RESULTS 
IBSP exhibited higher expression in GC tissues and cell lines than in normal 
tissues and cell lines. IBSP knockdown suppressed cell proliferation, migration, 
and invasion but facilitated pyroptosis. In the exploration of the regulatory 
mechanism of IBSP, potential RNA binding proteins for IBSP were screened with 
catRAPID omics v2.0. The RNA-binding protein CPSF6 was selected due to its 
higher expression in stomach adenocarcinoma. Luciferase reporter and RIP assays 
revealed that CPSF6 binds to the 3’-untranslated region of IBSP and regulates its 
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expression. Knockdown of CPSF6 inhibited cell proliferation, migration, and invasion but boosted pyroptosis. 
Through rescue assays, it was uncovered that the retarded GC progression mediated by CPSF6 knockdown was 
reversed by IBSP overexpression.

CONCLUSION 
Our study highlighted the vital role of the CPSF6/IBSP axis in GC, suggesting that IBSP might be an effective bio-
target for GC treatment.

Key Words: Integrin binding sialoprotein; Cleavage and polyadenylation factor 6; Pyroptosis; Gastric cancer

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

Core Tip: This study, for the first time, revealed the crucial role of the cleavage and polyadenylation factor 6 
(CPSF6)/integrin binding sialoprotein (IBSP) axis in gastric cancer (GC). This discovery might shed light on GC treatment. 
However, although this study explored this regulatory axis on cell proliferation, metastasis, and pyroptosis in GC, its data 
regarding the regulatory effects of CPSF6/IBSP on GC progression are limited. In the future, the regulatory effects of the 
CPSF6/IBSP axis on stemness, autophagy, and inflammation should be investigated through more experiments.

Citation: Wang XJ, Liu Y, Ke B, Zhang L, Liang H. RNA-binding protein CPSF6 regulates IBSP to affect pyroptosis in gastric cancer. 
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URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1531.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1531

INTRODUCTION
Similar to other malignant tumors, gastric cancer (GC) is featured by immoderate cell proliferation and delayed cell 
apoptosis[1,2]. The activation of oncogenes and the inactivation of tumor suppressor genes are the main inducements for 
tumors[3]. At present, treatments for GC are mainly surgery, chemotherapy, and radiotherapy[4,5]. However, there are 
no ideal treatment strategies. GC cells are often resistant to chemotherapy or radiotherapy, which is the main reason for 
tumor recurrence after treatment[6,7]. In view of the serious threat of GC to patient lives, there is an urgent need to look 
for effective bio-targets for GC treatment.

Different factors [proteins, long non-coding/circular RNAs (lnc/circRNAs), microRNAs (miRNAs), etc.] play critical 
roles in the progression of cancers, including GC[8-11]. For example, SRY-box transcription factor 4 accelerates 
transforming growth factor β-stimulated epithelial-mesenchymal transition and stemness in GC[12]. Tripartite motif 
containing 58 inactivates β-catenin signaling through ubiquitination to suppress tumor growth in GC[13]. Besides, the 
lncRNA bladder cancer associated transcript 1/microRNA 361 (miR-361)/ATP binding cassette subfamily B member 1 
(ABCB1) competitive exogenous RNA axis contributes to oxaliplatin resistance in GC[14]. Centromere protein U 
promotes GC cell proliferation and glycolysis by modulating high mobility group box 2[15]. Integrin binding sialoprotein 
(IBSP) serves as a member of the small integrin-binding ligand, N-linked glycoprotein family, and the gene encoding this 
protein is located on 4q21.1[16,17]. IBSP has higher expression and important function in various types of cancers. For 
instance, IBSP modulates the Fyn/β-catenin signaling pathway to aggravate colorectal cancer progression[18]. Exosomal 
miR-19a interacts with IBSP in estrogen receptor-positive breast cancer to stimulate osteolytic bone metastasis[19]. 
Besides, overexpression of IBSP results in a poor prognosis in esophageal squamous cell carcinoma patients[20]. 
However, the functions and related regulatory mechanism of IBSP are still unclear in GC. Some studies have confirmed 
the oncological function of cleavage and polyadenylation factor 6 (CPSF6) in various kinds of cancers[21-24]. However, 
the relationship between IBSP and CPSF6 in GC progression remains to be investigated.

This study aimed to investigate the mechanism underlying the regulatory effects of IBSP in GC progression, and the 
relationship between IBSP and CPSF6 in this process. Our study revealed that CPSF6-mediated IBSP facilitated cell prolif-
eration, invasion, and migration and reduced cell pyroptosis in GC. This discovery is of great clinical significance for 
identifying promising bio-targets for GC treatment.

MATERIALS AND METHODS
Tissue samples
Thirty paired GC tissues and adjacent non-cancer tissues were obtained from January 2020 to March 2023 from patients 
who had undergone surgery at Tianjin Medical University Cancer Institute and Hospital, Tianjin, China. All patients 
were histologically or pathologically verified as having GC by two independent pathologists and did no receive prior 
anti-cancer treatments. The study was approved by the Ethics Committee of Tianjin Medical University Cancer Institute 
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and Hospital (E2020216) and written informed consent was obtained from all patients. Resected tissues were immediately 
frozen in liquid nitrogen and then stored at -80 °C.

Cell lines and cell culture
GC cell lines (HGC-27, MKN45, SGC7901, and BGC823) and the human normal gastric mucosal cell line (GES-1) were 
obtained from American Type Culture Collection (ATCC, Manassas, VA, United States). The cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM, Sigma, St. Louis, MO, United States) with 10% fetal bovine serum (FBS; 
Gibco, Waltham, MA, United States) and 1% penicillin-streptomycin at 37 °C in a humidified incubator with 5% CO2.

Transfection
Small interfering RNAs (siRNAs) against IBSP (si-IBSP#1 and si-IBSP#2) and siRNAs against CPSF6 (si-CPSF6#1 and si-
CPSF6#2) were designed for silencing IBSP and CPSF6, respectively. A negative control siRNA (si-NC) was also used. To 
overexpress IBSP, pcDNA3.1/IBSP (OV-IBSP) plasmid was constructed, and the empty vector pcDNA3.1 was used as the 
negative control. These vectors were obtained from Genepharma (Shanghai, China) and transfected into GC cells using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, United States).

Real-time quantitative polymerase chain reaction
TRIzol reagent (Invitrogen, Carlsbad, CA, United States) was utilized to isolate total RNA from GC tissues or cells. The 
ReverTra Ace quantitative polymerase chain reaction (RT-qPCR) RT Kit (Takara, Beijing, China) was employed to 
synthesize cDNA from RNA. The SYBR Green Real-time PCR Master Mix (Takara, Beijing, China) was used for qPCR 
amplification on the ABI 7500 real-time PCR system (Applied Biosystems, Bedford, MA, United States). β-actin was used 
as the internal reference. The 2-ΔΔCt method was used for calculating gene expression.

Cell Counting Kit-8 assay
Cell Counting Kit-8 (CCK-8) assay was performed to examine the viability of GC cells as described previously[25,26]. In 
brief, GC cells (1 × 104 cells/well) were plated into 96-well plates and then incubated for 0 h, 24 h, 48 h, and 72 h. The 
CCK8 solution (10 μL, Dojindo, Japan) was added into each well and incubated for 2 h, and the absorbance (450 nm) was 
then measured with a microplate reader.

Transwell assay
GC cells (1 × 104 cells/well) were seeded into the upper chamber (8 µm pore size; Millipore, Billerica, MA, United States) 
coated with (for invasion assay) or without Matrigel (for migration assay). The culture medium with 10% FBS was added 
into the lower chamber. The invading and migrating cells were fixed with methanol and dyed with crystal violet. 
Subsequently, a microscope (Olympus, Tokyo, Japan) was employed to count these cells.

Flow cytometry analysis
Cell apoptosis was assessed by flow cytometry with the propidium iodide (PI) and FITC Annexin V Apoptosis Detection 
Kit (BD Biosciences, San Jose, CA, United States) as described previously[27]. GC cells were cultured for 72 h, followed by 
washing with cold phosphate-buffered saline and resuspending in 1 × binding buffer. Annexin V-FITC (5 µL) was 
utilized for dyeing the cells, followed by mixing with PI (5 µL) in the darkness. FACSCanto II flow cytometer (BD 
Biosciences, San Jose, CA, United States) was employed for evaluating cell apoptosis.

Luciferase reporter assay
Luciferase reporter assay was performed as described in previous studies[28,29]. The wild-type (wt) and mutant-type 
(mut) 3’-untranslated region (3’-UTR) sequences of IBSP (IBSP 3’-UTR-wt/mut) were inserted into psiCHECK2 dual-
luciferase vector (Promega, Madison, United States) to generate reporter vectors. Then, IBSP 3’-UTR-wt or mut reporters 
were separately transfected with pcDNA3.1 or pcDNA3.1-CPSF6 into GC cells. After 48 h, the luciferase reporter assay 
system (Promega, Madison, Wisconsin, United States) was applied to measure the luciferase activity.

RNA immunoprecipitation assay
RNA immunoprecipitation (RIP) assay was performed following previous studies[30,31]. GC cells were lysed with the 
lysis buffer. Cell lysate was mixed with anti-CPSF6 or anti-immunoglobulin G (IgG) antibodies, and then magnetic beads 
were added to immunoprecipitate the RNA-protein immunocomplexes. After washing, IBSP expression was assessed by 
RT-qPCR.

Western blot analysis
GC cells were lysed with RIPA lysis buffer. Then, proteins were separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to polyvinylidene fluoride or polyvinylidene difluoride membranes 
(Amersham, United States). After blocking with non-fat milk, the membranes were incubated with primary antibodies, 
including those against IBSP, CPSF6, NLR family pyrin domain containing 3 (NLRP3), cleaved caspase-1, interleukin (IL)-
18, IL-1β, and β-actin, at 4 °C overnight. Subsequently, the secondary antibody was added and incubated for 2 h. All 
antibodies were bought from Abcam (Shanghai, China). After washing, the ECL detection (ThermoScientific, Waltham, 
MA, United States) was utilized to visualize protein bands.
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Figure 1 Integrin binding sialoprotein shows higher expression in gastric cancer tissues and cell lines. A: The mRNA expression of integrin 
binding sialoprotein (IBSP) in gastric cancer (GC) tissues and normal adjacent tissues was examined by real-time quantitative polymerase chain reaction (RT-qPCR); 
B: The protein expression of IBSP in four pairs of GC tissues and normal adjacent tissues was detected by Western blot; C and D: The mRNA and protein expression 
levels of IBSP in gastric epithelial cell line (GES-1) and GC cell lines (HGC-27, MKN45, SGC-7901, and BGC823) were detected by RT-qPCR and Western blot, 
respectively. aP < 0.05, bP < 0.01. IBSP: Integrin binding sialoprotein.

In vivo assay
Male BALB/c nude mice (4-wk-old, n = 15) were purchased from Vital River (Beijing, China). Mice were randomly 
divided into three groups (n = 5 for each group; si-NC, si-CPSF6, and si-CPSF6 + OV-IBSP groups). The transfected GC 
cells were injected into the right flanks of mice. After 4 wk, tumor size, volume, and weight were assessed. This work was 
approved by the Animal Care and Use Committee of Beijing Viewsolid Biotechnology Co. LTD (VS212601449).

Statistical analysis
Data are shown as the mean ± SD. Statistical analyses were performed using SPSS 20.0 (SPSS, Chicago, IL, United States). 
The correlation between IBSP and CPSF6 expression was assessed by Pearson correlation analysis. The comparison 
between two groups or among multiple groups was done by Student’s t test and one-way analysis of variance, 
respectively. P < 0.05 was considered statistically significant.

RESULTS
IBSP shows higher expression in GC tissues and cell lines
As shown in Figure 1A and B, the mRNA and protein expression levels of IBSP were higher in the GC tissues than in the 
normal tissues. The correlation between GC patients’ clinicopathological features and IBSP expression is shown in 
Table 1. IBSP expression was not significantly correlated with age, gender, or distant metastasis but was significantly 
related with tumor diameter and TNM stage (P < 0.05). The mRNA and protein expression levels of IBSP were up-
regulated in GC cell lines (HGC-27, MKN45, SGC-7901, and BGC823) compared with the human normal gastric mucosal 
cell line GES-1 (Figure 1C and D). Additionally, the prognosis of GC patients with high IBSP expression was poor 
(Supplementary Figure 1A). Taken together, IBSP shows higher expression in GC tissues and cell lines.

IBSP downregulation suppresses cell proliferation, migration, and invasion and facilitates pyroptosis
The efficiency of IBSP knockdown was verified by the decreased mRNA and protein expression levels of IBSP after IBSP 
silencing (Figure 2A and B). Cell viability was attenuated after suppressing IBSP in MKN45 and HGC-27 cells (Figure 2C). 
Furthermore, the invasion and migration of MKN45 and HGC-27 cells were weakened after IBSP inhibition (Figure 2D 
and E). The cell apoptosis rate was increased after IBSP knockdown in MKN45 and HGC-27 cells (Figure 2F). In addition, 
the protein levels of NLRP3, cleaved caspase-1, IL-18, and IL-1β were all upregulated after inhibiting IBSP in MKN45 and 
HGC-27 cells (Figure 2G). Thus, MKN45 cells were used for further experiments. These findings demonstrate that IBSP 

https://f6publishing.blob.core.windows.net/02fd65f5-d70d-402c-8844-569c733a6b6a/WJGO-15-1531-supplementary-material.pdf
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Figure 2 Integrin binding sialoprotein downregulation suppresses cell proliferation, migration, and invasion and facilitates pyroptosis. A 
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and B: The mRNA and protein expression levels of integrin binding sialoprotein (IBSP) were assessed in the si-NC, si-IBSP#1, and si-IBSP#2 groups by real-time 
quantitative polymerase chain reaction and Western blot in MKN45 and HGC-27 cells, respectively; C: Cell viability was detected after silencing IBSP by Cell-
Counting Kit-8 assay in MKN45 and HGC-27 cells; D and E: Cell invasion and migration were evaluated by Transwell assay in MKN45 and HGC-27 cells; F: 
Pyroptosis was measured after IBSP knockdown by flow cytometry in MKN45 and HGC-27 cells; G: The protein expression levels of NLR family pyrin domain 
containing 3, cleaved caspase-1, interleukin-18 (IL-18), and IL-1β were examined by Western blot after suppressing IBSP in MKN45 and HGC-27 cells. bP < 0.01. 
IBSP: Integrin binding sialoprotein; IL: Interleukin; NLRP3: NLR family pyrin domain containing 3.

Figure 3 The RNA-binding protein cleavage and polyadenylation factor 6 binds to the 3’-untranslated region of integrin binding 
sialoprotein and regulates its expression. A: Potential RNA-binding proteins that can bind to integrin binding sialoprotein (IBSP) were analyzed through 
bioinformatic analysis; B: The levels of cleavage and polyadenylation factor 6 (CPSF6) in stomach adenocarcinoma; C: The mRNA expression of CPSF6 was 
detected in GC tissues and normal adjacent tissues by real-time quantitative polymerase chain reaction (RT-qPCR); D: The correlation between CPSF6 and IBSP 
was verified; E and F: The binding ability between CPSF6 and IBSP was confirmed by luciferase reporter and RNA immunoprecipitation chip assays; G and H: The 
mRNA and protein expression of CPSF6 and IBSP was measured in the si-NC, si-CPSF6#1, and si-CPSF6#2 groups by RT-qPCR and Western blot, respectively. aP 
< 0.05, bP < 0.01.

downregulation suppresses cell proliferation, migration, and invasion and facilitates pyroptosis.

CPSF6 binds to 3’-UTR of IBSP to regulate its expression
catRAPID omics v2.0 was used to predict and screen potential RNA binding proteins for IBSP (Figure 3A). CPSF6 ranked 
second in the binding ability to IBSP and was differentially expressed in GC. The transformer 2 alpha homolog, which 
ranked first in binding ability, was not differentially expressed in GC. Thus, CPSF6 was selected for the subsequent study. 
The expression of CPSF6 was upregulated in stomach adenocarcinoma tissues (Figure 3B). Similarly, CPSF6 expression 
was higher in GC tissues and was positively correlated with IBSP expression (Figure 3C and D). Moreover, the prognosis 
of GC patients with high CPSF6 expression was poor (Supplementary Figure 1B). The luciferase activity of IBSP-wt 
reporters was increased after overexpressing CPSF6, but that of IBSP-mut reporters had no noticeable change (Figure 3E). 
RIP assay revealed that CPSF6 binds to IBSP (Figure 3F). The mRNA and protein levels of CPSF6 and IBSP were reduced 
after silencing CPSF6 (Figure 3G and H). Thus, CPSF6 binds to the 3’-UTR of IBSP and regulates its expression.

https://f6publishing.blob.core.windows.net/02fd65f5-d70d-402c-8844-569c733a6b6a/WJGO-15-1531-supplementary-material.pdf
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Figure 4 Knockdown of cleavage and polyadenylation factor 6 inhibits cell proliferation, migration, and invasion but boosts pyroptosis. A: 
Cell viability was verified after suppressing cleavage and polyadenylation factor 6 (CPSF6) by Cell Counting Kit-8 assay; B and C: Cell migration and invasion were 
detected after inhibiting CPSF6 by Transwell assay; D: Cell apoptosis was examined after silencing CPSF6 by flow cytometry; E: The protein expression levels of 
NLR family pyrin domain containing 3, cleaved caspase-1, interleukin-18 (IL-18), and IL-1β were examined after suppressing CPSF6 by Western blot. aP < 0.05, bP < 
0.01. CPSF6: Cleavage and polyadenylation factor 6; NLRP3: NLR family pyrin domain containing 3; IL: Interleukin.

Knockdown of CPSF6 inhibits cell proliferation, migration, and invasion but boosts pyroptosis
The proliferation of GC cells was weakened after repressing CPSF6 (Figure 4A). In addition, cell invasion and migration 
were reduced after silencing CPSF6 (Figure 4B and C). In contrast, cell apoptosis was strengthened after CPSF6 
suppression (Figure 4D). The protein levels of NLRP3, cleaved caspase-1, IL-18, and IL-1β were increased after CPSF6 
knockdown (Figure 4E). Collectively, knockdown of CPSF6 represses cell proliferation, migration, and invasion but 
boosts pyroptosis.

CPSF6 regulates IBSP to affect GC progression
Rescue assays were conducted to verify the interaction between CPSF6 and IBSP. IBSP expression was decreased after 
CPSF6 knockdown, but this effect could be reversed by IBSP overexpression (Figure 5A and B). The reduced cell viability 
mediated by CPSF6 inhibition was rescued by IBSP overexpression (Figure 5C). Additionally, the weakened cell invasion 
and migration induced by CPSF6 suppression were counteracted by IBSP upregulation (Figure 5D and E). Cell apoptosis 
was reduced after repressing CPSF6, but this effect was offset by overexpressing IBSP (Figure 5F). Besides, the protein 
levels of NLRP3, cleaved caspase-1, IL-18, and IL-1β were upregulated after CPSF6 knockdown, but these changes were 
neutralized by IBSP overexpression (Figure 5G). Tumor size, volume, and weight were decreased after CPSF6 inhibition, 
but these effects were rescued by IBSP upregulation (Figure 5H-J).
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Table 1 Correlation between integrin binding sialoprotein expression and clinicopathologic characteristics in gastric cancer patients

Parameter n Low IBSP expression (n = 8) High IBSP expression (n = 22) P value

Age (yr)

≥ 60 11 4 7 0.361

< 60 19 4 15

Tumor diameter (cm)

≥ 3 10 6 4 0.004a

< 3 20 2 18

Gender

Male 14 3 11 0.544

Female 16 5 11

TNM stage

I + II 7 5 2 0.002a

III + IV 23 3 20

Distant metastasis

M0 15 5 10 0.409

M1 15 3 12

aP < 0.05 was considered to have a significant difference.
Categorical variables were compared by the chi-square test. IBSP: Integrin binding sialoprotein.

DISCUSSION
GC is one of the most common cancers[32]. Most GC patients are diagnosed at the advanced stage, and the 5-year 
survival rate of advanced GC patients is less than 15%[33,34]. The emergence of novel bio-targets can improve the early 
diagnosis and treatment of GC. IBSP has been discovered to exhibit higher expression and important regulatory function 
in various types of cancers[18-20]. However, the regulatory functions of IBSP in GC progression remain unclear. Similar 
to the above studies, our study demonstrated that IBSP showed higher expression in GC tissues and cell lines. In 
addition, IBSP knockdown suppressed cell proliferation, migration, and invasion and facilitated cell apoptosis.  In 
addition, IBSP knockdown strengthened pyroptosis.

RNA-binding protein could bind to the 3′-UTR of mRNAs to regulate their expression levels in various cancers. For 
instance, the RNA-binding protein NONO post-transcriptionally regulates S-phase kinase associated protein 2 and E2F 
transcription factor 8 to boost breast cancer tumorigenesis[35]. Additionally, the RNA-binding protein sorbin and SH3 
domain containing 2 (SORBS2) stabilizes RAR related orphan receptor A (RORA) mRNA to repress tumor growth and 
metastasis in hepatocellular carcinoma[36]. The RNA-binding protein DAZ-associated protein 1 interacts with solute 
carrier family 7 member 11 (SLC7A11) mRNA to aggravate hepatocellular carcinoma progression and modulate 
ferroptosis[37]. The RNA-binding protein SORBS2 strengthens microtubule associated scaffold protein 1 (MTUS1) mRNA 
stability to inhibit metastasis in clear cell renal cell carcinoma[38]. Previous studies also verified the oncological function 
of CPSF6 in acute myeloid leukemia and breast cancer[21,24]. Inhibition of CPSF6 enhances apoptosis by shortening 
human von Hippel-Lindau (VHL) 3’-UTR in GC[22]. Also, nudix hydrolase 21 (NUDT21) regulates CPSF6 to inhibit 
tumorigenesis in breast cancer[23]. Similar to these previous reports, this study also revealed that CPSF6 expression was 
upregulated in GC tissues.

Similar regulatory mechanism (RNA-binding protein-mRNA) also exists in GC. For example, the RNA-binding protein 
RNPC1 stabilizes aurora kinase B (AURKB) mRNA to enhance GC progression[39]. The RNA binding protein Lin28B 
interacts with neuropilin-1 to affect stemness in GC[40]. LINC00668 interacts with human antigen R (HuR) to upregulate 
protein kinase N2 (PKN2) and facilitate GC metastasis[41]. The lncRNA small nucleolar RNA host gene 12 (SNHG12) 
aggravates cisplatin resistance by regulating the HuR/X-linked inhibitor of apoptosis protein axis in non-small cell lung 
cancer[42]. In this work, potential RNA binding proteins that can bind to IBSP were predicted and screened using 
catRAPID omics v2.0. The RNA-binding protein CPSF6 was selected due to its higher expression in GC. However, the 
relationship between IBSP and CPSF6 has not been studied in GC progression. CPSF6 expression was positively 
correlated with IBSP expression. Furthermore, through luciferase reporter and RIP assays, it was showed that CPSF6 
binds to the 3’-UTR of IBSP and positively regulates IBSP expression. Knockdown of CPSF6 inhibited cell proliferation, 
migration, and invasion but boosted pyroptosis. Rescue assays revealed that the retarded GC progression mediated by 
CPSF6 knockdown was reversed by IBSP overexpression.
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Figure 5 Cleavage and polyadenylation factor 6 regulates integrin binding sialoprotein to affect gastric cancer progression. Cells were 
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divided into the si-NC, si-cleavage and polyadenylation factor 6 (si-CPSF6), and si-CPSF6 + OV-integrin binding sialoprotein (IBSP) groups. A and B: The mRNA and 
protein expression of CPSF6 and IBSP was detected by real-time quantitative polymerase chain reaction (RT-qPCR) and Western blot, respectively; C: Cell viability 
was examined by Cell Counting Kit-8 assay; D and E: Cell invasion and migration were tested by transwell assay; F: Cell apoptosis was measured by flow cytometry; 
G: The protein expression levels of NLR family pyrin domain containing 3, cleaved caspase-1, interleukin-18 (IL-18), and IL-1β were detected by Western blot; H-J: 
Tumor size, volume, and weight were measured. bP < 0.01. IBSP: Integrin binding sialoprotein; CPSF6: Cleavage and polyadenylation factor 6; NLRP3: NLR family 
pyrin domain containing 3; IL: Interleukin.

CONCLUSION
This study, for the first time, revealed the crucial role of the CPSF6/IBSP axis in GC progression, shedding light on GC 
treatment. The main findings in previous studies and our findings in this study are shown in Table 2. However, some 
limitations exist in this study: The luciferase reporter assay is unable to determine whether the protein directly interacts 
with DNA itself; the RIP assay used native immunoprecipitation without any form of cross-linking; the number of human 
samples and animal samples was not large; and other phenotypes (such as stemness, exosome, autophagy, and 
glycolysis) were not assessed. In the future, the regulatory effects of the CPSF6/IBSP axis on these phenotypes will be 
investigated through more experiments.

Table 2 Cleavage and polyadenylation factor 6 regulates integrin binding sialoprotein to aggravate gastric cancer progression

No. Findings in previous studies Findings in this work

1 IBSP has been discovered to exhibit higher expression and important regulatory function 
in colorectal cancer, breast cancer, and esophageal squamous cell carcinoma. However, 
the regulatory functions of IBSP in GC progression remain unclear

IBSP exhibits higher expression in GC tissues and cell 
lines. IBSP facilitates GC cell proliferation, migration, 
and invasion but suppresses pyroptosis

2 Previous studies have verified the oncological function of the RNA-binding protein 
CPSF6 in acute myeloid leukemia, breast cancer, and GC. However, no reports have 
focused on the regulatory effects of CPSF6 on metastasis and pyroptosis

CPSF6 promotes cell proliferation, migration, and 
invasion but boosts pyroptosis

3 The RNA-binding protein CPSF6 binds to the 3’-UTR of genes to participate in the 
progression of hepatocellular carcinoma, lung adenocarcinoma, and GC. But, the 
relationship between IBSP and CPSF6 has not been studied in GC progression

CPSF6 binds to the 3’-UTR of IBSP and positively 
regulates IBSP expression

4 The regulatory mechanism (RNA binding protein-mRNA 3’-UTR) exists in GC 
progression. However, the regulatory effects of CPSF6/IBSP remain unclear

The retarded GC progression mediated by CPSF6 
knockdown is reversed by IBSP overexpression

IBSP: Integrin binding sialoprotein; CPSF6: Cleavage and polyadenylation factor 6; 3’-UTR: 3’-untranslated region; GC: Gastric cancer.

ARTICLE HIGHLIGHTS
Research background
Previous studies have illustrated that integrin binding sialoprotein (IBSP) exhibits a promotive role in the progression of 
cancers. However, the regulatory functions of IBSP in gastric cancer (GC) progression remain unclear.

Research motivation
To find effective bio-targets for GC prognosis and treatment.

Research objectives
To probe the regulatory effects and underlying molecular mechanism of IBSP in GC progression.

Research methods
Real-time quantitative polymerase chain reaction and Western blot were used to detect the mRNA and protein expression 
of IBSP, respectively. The prognosis of GC patients with high or low IBSP expression was evaluated. The regulatory 
effects of IBSP in GC progression was assessed via in vitro and in vivo experiments. The molecular mechanism of the 
IBSP/cleavage and polyadenylation factor 6 (CPSF6) axis was validated.

Research results
IBSP exhibited higher expression in GC, and IBSP knockdown suppressed cell proliferation, migration, and invasion but 
facilitated pyroptosis. Moreover, the results revealed that CPSF6 binds to the 3’-untranslated region of IBSP and 
positively regulates IBSP expression in GC.

Research conclusions
Other regulatory functions and related mechanisms of ISBP in GC may be investigated in the future, and its application in 
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GC treatment will be explored.

Research perspectives
IBSP expression is upregulated in GC tissues and cells, which results in a poor prognosis in GC. CPSF6 positively 
regulates IBSP to affect pyroptosis and aggravate tumor growth in GC.
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Abstract
BACKGROUND 
Gastric cancer (GC) is one of the most common malignant tumors. Osteopontin 
(OPN) is thought to be closely related to the occurrence, metastasis and prognosis 
of many types of tumors.

AIM 
To investigate the effects of OPN on the proliferation, invasion and migration of 
GC cells and its possible mechanism.

METHODS 
The mRNA and protein expression of OPN in the GC cells were analyzed by real-
time quantitative-reverse transcription polymerase chain reaction and western 
blotting, and observe the effect of varying degree expression OPN on the prolif-
eration and other behaviors of GC. Next, the effects of OPN knockdown on GC 
cells migration and invasion were examined. The short hairpin RNA (shRNA) and 
negative control shRNA targeting OPN-shRNA were transfected into the cells 
according to the manufacturer’s instructions. Non transfected cells were classified 
as control in the identical transfecting process. 24 h after RNA transfection cell 
proliferation activity was detected by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide assay, and cell invasiveness and migration were 
detected by Trans well assay. Meanwhile, the expression of protein kinase B 
(AKT), matrix metalloproteinase 2 (MMP-2) and vascular endothelial growth 
factor (VEGF) in the human GC cell lines was detected by reverse transcription 
polymerase chain reaction and western blotting.

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v15.i9.1544
mailto:wyb960419@163.com
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RESULTS 
The results of this study revealed that OPN mRNA and protein expression levels were highly expressed in SGC-
7901 cells. OPN knockdown by specific shRNA noticeably reduced the capabilities of proliferation, invasion and 
migration of SGC-7901 cells. Moreover, in the experiments of investigating the underlying mechanism, results 
showed that OPN knockdown could down-regulated the expression of MMP-2 and VEGF, it also decreased the 
phosphorylation of AKT. Meanwhile, the protein expression levels of MMP-2, VEGF and phosphorylated AKT was 
noticeable lower than that in control group in the GC cells after they were added to phosphatidylinositol-3-kinase 
(PI3K) inhibitor (LY294002).

CONCLUSION 
These results suggested that OPN though PI3K/AKT/mammalian target of rapamycin signal pathway to up-
regulate MMP-2 and VEGF expression, which contribute SGC-7901 cells to proliferation, invasion and migration. 
Thus, our results demonstrate that OPN may serve as a novel prognostic biomarkers as well as a potential 
therapeutic targets for GC.

Key Words: Osteopontin; Proliferation; Invasion; Migration; Gastric cancer; Phosphatidylinositol-3-kinase/protein kinase 
B/mammalian target of rapamycin signaling pathway

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

Core Tip: We investigated the effects of osteopontin (OPN) on the proliferation, invasion and migration of gastric cancer 
(GC) cells and its possible mechanism. The results of this study revealed that OPN mRNA and protein expression levels 
were highly expressed in SGC-7901 cells. OPN knockdown by specific short hairpin RNA noticeably reduced the 
capabilities of proliferation, invasion and migration of SGC-7901 cells. Moreover, our results showed that OPN though 
phosphatidylinositol-3-kinase/protein kinase B/mammalian target of rapamycin signaling pathway signal pathway to up-
regulate matrix metalloproteinase 2 and vascular endothelial growth factor expression, which contribute SGC-7901 cells to 
proliferation, invasion and migration. These results demonstrate that OPN may serve as a novel prognostic biomarkers as 
well as a potential therapeutic targets for GC.

Citation: Qin YC, Yan X, Yuan XL, Yu WW, Qu FJ. Osteopontin promotes gastric cancer progression via phosphatidylinositol-3-
kinase/protein kinase B/mammalian target of rapamycin signaling pathway. World J Gastrointest Oncol 2023; 15(9): 1544-1555
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INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer and the third leading cause of cancer-related death worldwide[1]. At 
present, the development of comprehensive treatment strategies has greatly improved the therapeutic effect of GC 
patients. Because the accurate diagnosis of early GC is difficult[2], the prognosis of most GC patients is still poor, and the 
5-year survival rate of patients with advanced GC is approximately 25%[3]. Therefore, more accurate identification of 
prognostic biomarkers and molecular basis of GC invasion and metastasis has important clinical value for understanding 
GC and developing new effective treatment strategies.

Osteopontin (OPN), an extracellular matrix (ECM) phosphoglycoprotein, is expressed at elevated levels in a variety of 
malignant tumors (such as breast cancer, lung cancer, urogenital tumors, head and neck cancer, osteosarcoma, etc.) and is 
involved in many pathophysiological processes including tumorigenesis, leading to poor prognosis. Since it is involved in 
promoting aggressive and metastatic progression of many cancers, it is considered as a potential important biomarker for 
monitoring cancer progression[4-13]. In addition, the up-regulation of OPN expression is also closely related to the 
occurrence, metastasis and prognosis of tumors in the digestive system, and even the size and grade of tumors[14-18].

With the ongoing study of OPN, OPN is also being explored as a potential therapeutic target. For example, reducing 
OPN expression could provide novel strategies for the treatment of patients with various types of metastatic cancer[15,19-
22].

A number of studies have reported that the expression of OPN in GC tissues is significantly higher than that in non-
tumor tissues, and is closely related to the invasion, metastasis and prognosis of GC[15,23-28]. But there are conflicting 
stories. Tang et al[29] concluded that the expression of OPN in GC tissues was not related to prognosis.

Previous studies of our research group have found[30] that OPN is significantly up-regulated in GC tissues, and its 
expression level is closely related to clinicopathological parameters, overall survival (OS) and disease-free survival of 
patients, suggesting that OPN is closely related to poor prognosis of GC. The results are consistent with those of Sun et al
[31]. Final results in a meta-analysis showed that high OPN expression was associated with poor OS, suggesting that 
OPN is a promising prognostic biomarker for GC[32].

https://www.wjgnet.com/1948-5204/full/v15/i9/1544.htm
https://dx.doi.org/10.4251/wjgo.v15.i9.1544
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These data indicated that OPN may play a crucial role in the carcinogenesis of GC. Despite increasing insights into the 
function of OPN-promoted progression of GC, the exact mechanism of OPN-promoted invasion and progression in GC 
remains unclear.

Phosphatidylinositol-3-kinase/protein kinase B (PI3K/AKT) signaling pathway is one of the most widely studied 
signaling pathways. PI3K/AKT/mammalian target of rapamycin (PI3K/AKT/mTOR) signaling pathway is involved in 
cell proliferation, invasion and metastasis after abnormal activation of malignant tumors[33]. PI3K/AKT/mTOR 
signaling pathway is considered to be one of the most common regulatory pathways in GC molecular mechanism studies
[33-35].

However, whether OPN can regulate the PI3K-AKT-mTOR signaling pathway in GC cells has not been reported in the 
literature. Therefore, our study comprehensively analyzed whether OPN in GC cells regulates the expression of PI3K and 
phosphorylation of its downstream signal transduction pathway protein by exerting its kinase activity, thus promoting 
the proliferation, migration and invasion of GC cells. This study aims to explore the mechanism of the regulation of PI3K-
AKT-mTOR signal transduction pathway by OPN in GC cells, so as to provide a new theoretical basis for elucidate the 
metastasis and invasion mechanism of GC and further develop the targeted treatment of GC with protein kinase 
inhibitors.

MATERIALS AND METHODS
Reagents
The GC cell lines (SGC-7901, HGC-27, and AGS) and normal gastric mucosa epithelial cell line (GES-1) were provided by 
China Center for Type Culture Collection (China); roswell park memorial institute (RPMI) 1640 cell culture medium, 
Ham’s F 12 nutrient medium (F12), and 0.25% trypsin-ethylenediaminetetraacetic acid were provided by HYclone 
(United States); fetal bovine serum (FBS) was offered by Haoyang (China); OPN-short hairpin RNA (shRNA) interference 
vector and negative control shRNA (NC-shRNA) interference vector were designed and developed by Sangon (China); 
RNAiso Plus TB Green™ Premix Ex Taq™ II PrimeScript™ RT reagent kit with gDNA Eraser were provided by Takara 
(Japan); The primer sequence of OPN, matrix metalloproteinase 2 (MMP-2), vascular endothelial growth factor (VEGF) 
and β-actin were designed and fabricated by Sangon (China); primary monoclonal antibodies for mTOR (Abp54398), 
OPN (Abp52084), AKT (Abp50636), phosphorylated AKT (p-AKT) (phosphorySer473), β-actin (A01010) and horseradish 
peroxidase (HRP) conjugated secondary antibodies (A21010, A21020) were offered by Abbkine (United States); primary 
monoclonal antibodies for MMP-2 (BS-0412R) and VEGF (BS-0279R) were provided by Bioss (China); LY294002 inhibitor 
was purchased from Meilun (China).

Cells Preparation
Human GC cell lines were cultured in RPMI-1640 medium supplemented with 10% FBS and antibiotics (100 U/mL 
streptomycin and 100 μg/mL penicillin); the AGS cells underwent culture process in F-12 medium supplemented with 
10% FBS and antibiotics (100 U/mL streptomycin and 100 μg/mL penicillin). All of the cells were grown in a humid 
incubator with 5% CO2 at 37 ℃, besides, the adherent cells were cleaned twice consecutively with phosphate-buffered 
saline. Cells were harvested with 0.25% trypsin and passaged at a ratio of 1: 3 every three days.

Gene silencing of OPN with shRNA interference vectors construction
The shRNA targeting OPN-shRNA and the NC-shRNA were transiently transfected cells with Ultra Fectin according to 
the instruction of the manufacturer. Non transfected cells were classified as control in the identical transfecting process. 
TTCAAGAA was taken as the loop structure of shRNA template to avoid the formation of termination signal, and T6 
structure acted as the transcription termination sequence of shRNA. ShRNA expression vector covered the expression 
framework of green fluorescent protein, which can be expressed after being transferred into cells. The transfection 
efficiency can be easily determined under a fluorescence microscopy or by flow cytometry. Cells were cultured for 24 h or 
48 h and subsequently harvested for further experiments.

The sequences of the shRNAs include: OPN-shRNA1: Sense: 5'-CACCGAGGAGTTGAATGGTGCATACTTCAAGA-
GAGTATGCACCATTCAACTCCTCTTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAAGAGGAGTTGAATGGTGCATACTCTCT-
TGAAGTATGCACCATTCAACTCCTC-3'; OPN-shRNA2: Sense: 5'-CACCGTAAGGAAGAAGATAAACACCTTCAAGA-
GAGGTGTTTATCTTCTTCCTTACTTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAAGTAAGGAAGAAGATAAACACCTCTCT-
TGAAGGTGTTTATCTTCTTCCTTAC-3'; OPN-shRNA3: Sense: 5'-CACCGTGCATCTTCTGAGGTCAATTTTCAA-
GAGAAGACCTCAGAAGATGCACTTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAAGTGCATCTTCTGAGGTCAATTTCTCT-
TGAAAATTGACCTCAGAAGATGCAC-3'; NC-shRNA: Sense: 5'-CACCGTTCTCCGAACGTGTCACGTCAAGAGAT-
TACGTGACACGTTCGGAGAATTTTTTG-3', Anti-sense: 5'-AGCTCAAAAAATTCTCCGAACGTGTCACGTAATCTCT-
TGACGTGACACGTTCGGAGAAC-3’.

Cell proliferation detection by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide (MTT) assay
24 h after RNA transfection, human GC cell line (SGC-7901) was seeded in 96-plates (4 × 103 cells/well). For this 
experiment, 1 h post-cell seeding was defined as the 0 h time point. After 0, 24, 48, 72, 96 h, the cells were incubated with 
MTT solution (5 mg/mL) in an incubator for 4 h, respectively. The formed formazan crystals were dissolved with 200 µL 
of dimethyl sulfoxide and then mixed well. The optical density of each sample was determined at 490 nm with Epoch™ 
Microplate Spectrophotometer (United States).
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Cell invasion and migration determination by Transwell assays
The transwell chamber was placed into a 24-well plates. In the upper chamber coated with matrigel (for invasion assay), 
SGC-7901 (4 × 104) cells in 200 μL serum-free XGI-1640 medium were added. In the upper chamber without being coated 
with matrigel (for migration assay), SGC-7901 (2 × 104) cells in 200 μL serum-free XGI-1640 were added. The lower 
chamber was filled with 600 μL conditioned media. After incubated for 48 h (for invasion) or 24 h (for migration), the cells 
were incubated with formaldehyde 4% for 20 min at ambient temperature. Subsequently, cells were stained with 1% 
crystal violet for 30 min at ambient temperature. Next, the images of various fields (n = 3) at 100 × magnification for each 
insert were counted.

RNA extraction and Real-time polymerase chain reaction (PCR)
Total RNA was extracted from human gastric cell lines using RNAiso Plus and then quantified spectrophotometrically by 
its absorbance at 260 nm. Forward primer 5'-AGCGAGGAGTTGAATGGTGCATAC-3' reverse primer 5'-AATCTGGACT-
GCTTGTGGCTGTG-3'; MMP-2, forward primer 5'-GGCGGTCACAGCTACTTCTTCAAG-3', reverseprimer 5'-ATCGAAG-
GCAGTGGAGAGGAAGG-3'; VEGF, forwardprimer 5'-CCTTCGCTTACTCTCACCTGCTTC-3', reverse primer 5'-
GGCTGCTTCTTCCAACAATGTGTC-3'; β-actin, human beta-actin Endogenous Reference Genes Primers, 10μM (B661102-
0001, Sangon Biotech). Reverse transcription was performed with PrimeScript™ RT reagent Kit with gDNA Eraser 
(perfect real time) following the directives of the manufacturer. RT-PCR was performed with the following protocol: An 
initial pre-denaturation step at 95 ℃ for 30 s, 40 cycles of denaturation at 95 ℃ for 5 s, and then annealing process at 60 ℃ 
for 30 s. Meantime, the β-actin RNA was amplified and acted as an internal control. The cycle threshold values for β-actin 
RNA the samples were calculated by computer software.

Detection of protein by Western blot assay
Human GC cell lines and treated SGC-7901 cells were harvested and lysed with ice-cold radio immunoprecipitation assay 
solution, and then added to phenylmethanesulfonyl fluoride (99: 1) as well as phosphatase inhibitors (99: 1), Then, the 
resulting homogenate was centrifuged for 5 min at 12000 rmp and 4 ℃. Subsequently, the total protein in the supernatant 
was quantified with a protein quantification kit protein assay kit, resolved by 10% SDS-PAGE and then transferred to a 
polyvinylidene difluoride membrane. Next, the protein was blocked by 5% BSA blocking buffer or evaporated milk at 
ambient temperature for 1-2 h, incubated overnight with polyclonal antibody at 4 ℃ under gentle agitation, sub-
sequently, it was incubated with HRP-conjugated goat anti-rabbit immunoglobin (H + L) at ambient temperature for 1 h. 
After being cleaned with tris buffered saline-0.1% 3 times, the membrane was developed by enhanced chemiluminescence 
(Sigma) and then exposed to Xray films scanned and determined with imagej software to quantify protein expression.

Statistical analysis
Each experiment was performed at least three times. Data (mean ± SE) were studied by one-way ANOVA or independent 
t-test. All of the calculations were performed using SPSS 20.0 software (SPSS Inc., Chicago, IL, United States). The level of 
significance was set at aP < 0.05; bP < 0.01; cP < 0.001.

RESULTS
Expression levels of OPN and capacity of proliferation in human GC cell lines
The mRNA and protein expression of OPN in the GC cells and GES-1 cells were analyzed by real-time quantitative-
reverse transcription and western blotting, respectively. Results revealed that GC cell lines (AGS, SGC-7901 and HGC-27) 
and normal cell line GES-1 expressed OPN mRNA and protein to varying degree. The mRNA and protein expression 
levels of OPN in the GC cell lines (SGC-7901, HGC-27) were markedly higher than those in GES-1 cells (Figure 1A-C). 
Moreover, we examined the effects of OPN expression on GC cell proliferation by MTT assay; results revealed the 
capacity of proliferation related with the OPN expression levels; SGC-7901 cells with high level expressed OPN possess 
strong capacity of proliferation (Figure 1D).

OPN knockdown inhibits proliferation, invasion and metastasis of GC cells
To explore the effects of OPN on GC cells, the proliferation, invasion and metastasis capacities of high level OPN 
expression SGC-7901 cells and low level OPN expression SGC-7901 cells were examined. In order to create low level OPN 
expression SGC-7901 cells, three OPN-shRNA transfect vector were built. The transfection efficiency can be easily 
determined under a fluorescence microscopy (Figure 2A). Results reveal that the expression of OPN of all three sequences 
of OPN-shRNA-transfected SGC-7901 cells were significantly lower than that of control (blank control) cells( Figure 2B-
D). And the OPN-shRNA3 exhibited the optimal interference efficiency of OPN, revealing that it acts as a right model for 
ascertaining the effects of OPN knockdown (Figure 2B-D). Meanwhile, there were no noticeable differences in the 
expression between control and NC-shRNA-transfected SGC-7901 cells ( Figure 2B-D).

The MTT assay and transwell assay revealed that capacities of proliferation, invasion and metastasis of OPN-shRNA3-
transfected group were significantly lower than that of control group.

Meanwhile, there were no differences between in the control group and NC-shRNA-transfected group (Figure 2E-I). 
These results demonstrated that OPN play a key role in promoting SGC-7901 cells proliferation, invasion and migration.
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Figure 1 Expression levels of osteopontin and capacity of proliferation in human gastric cancer cell lines. A: real-time quantitative-reverse 
transcription analysis of osteopontin (OPN) mRNA levels in the gastric cancer (GC) cell lines (AGS, SGC-7901, HGC-27) and normal human gastric mucosal 
epithelial cell line (GES-1); B: Western blot assay of OPN protein expression levels in various human GC cell lines; C: Densitometry analysis of the protein bands of 
OPN proteins; D: The relative proliferation rate at 0, 24, 48 and 96 h in various GC cells by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide assay. 
Data are shown as the means ± SE (n = 3). aP < 0.05; bP < 0.01; cP < 0.001. OPN: Osteopontin.

OPN upregulates MMP-2 and VEGF expression
In order to observe the relevance between OPN and the expression MMP-2 and VEGF, the effect of OPN on regulating 
MMP-2 and VEGF expression was studied. Results show that the MMP-2 and VEGF mRNA in OPN-shRNA3 group were 
significantly down-regulated by 52.6% and 49.0% compared with control group, respectively (Figure 3), the result 
revealed that OPN knockdown could down-regulate the expressions of MMP-2 and VEGF.

OPN regulates the MMP-2 and VEGF expression via PI3K/AKT/mTOR pathway
To further investigate the underlying mechanism of OPN in proliferation, invasion and migration of GC cells. We 
analyzed the protein expression levels of mTOR, AKT, p-AKT, MMP-2, VEGF in the SGC-7901 after they were OPN 
knockdown or added to PI3K inhibitor (LY294002).

The western blotting analysis revealed that protein expression levels of total mTOR and AKT among control, NC-
shRNA and OPN-shRNA3 group remained constant, while that of p-AKT in OPN-shRNA3 group was noticeably lower 
than that in control group (Figure 4A and B). Meanwhile, MMP-2 and VEGF expression in OPN-shRNA3 were lower than 
the groups of control (Figure 4A and B).

In order to further study the relationship between OPN and PI3K/AKT/mTOR pathway, we administrated SGC-7901 
cells with PI3K inhibitor (LY294002). As shown in Figure 4C and D, the protein expression levels of total mTOR and AKT 
in control and LY294002 group remained constant, while the protein expression levels of p-AKT, MMP-2 and VEGF in 
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Figure 2 Osteopontin knockdown inhibits proliferation, invasion and metastasis of gastric cancer cells. A: Fluorescence microscope 
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observation transfection efficiency of SGC-7901 cells after being transfected with osteopontin-short hairpin RNA (shRNA) (× 100); B: 3distinct, sequence-specific 
OPN shRNAs (OPN-shRNA1; OPN-shRNA2; OPN-shRNA3) and negative control shRNA were designed, and the OPN-shRNA3 has the best interference efficiency 
of OPN; C: Western blot assay of OPN protein levels in SGC-7901 cells 48  h after transfection; D: Densitometry analysis of the protein bands of OPN proteins in 
SGC-7901 cells 48  h after they were transfected; E: 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide assay observation the relative proliferation rate 
at 0, 24, 48 and 96 h in SGC-7901 cells following transfection, compared with control group; F: Microscope observation effect of the invasive ability of OPN 
knockdown in SGC-7901 cells was assessed by the Transwell matrigel-coated assay (× 100); G: Microscope observation of the migrative ability of OPN knockdown 
on SGC-7901 cells was assessed by the Transwell assay (× 100); H and I: Cells invading and migrating through the membrane were counted in 3 random fields for 
respective group. Data are shown as the means ± SE (n = 3). aP < 0.05; bP < 0.01; cP < 0.001. OPN: Osteopontin; shRNA: Short hairpin RNA; NC-shRNA: Negative 
control shRNA.

Figure 3 Osteopontin upregulates matrix metalloproteinase 2 and vascular endothelial growth factor expression. A: Matrix metalloproteinase 2 
mRNA level was tested by real-time quantitative-reverse transcription polymerase chain reaction (PCR) and normalized to β-Actin expression; B: Vascular endothelial 
growth factor mRNA level was detected by quantitative PCR and normalized to β-Actin expression. Data are shown as the means ± SE (n = 3). bP < 0.01. MMP-2: 
Matrix metalloproteinase 2; VEGF: Vascular endothelial growth factor; NC-shRNA: Negative control shRNA.

LY294002 group significantly decreased as compared with control group. These results suggested that OPN up-regulate 
the expressions of MMP-2 and VEGF via PI3K/AKT/mTOR signaling pathway, thus promote the proliferation, invasion 
and migration of GC SGC-7901 cells.

DISCUSSION
It is well known that patients with metastatic GC have a poor prognosis[3], so it is of great clinical value to search for 
more accurate prognostic markers to better understand the molecular mechanism of the occurrence and development of 
GC and develop new therapeutic strategies. In this study, the effects of OPN on proliferation, invasion and migration of 
GC SGC-7901 cells were investigated through a number of in vitro experiments, and the mechanism of the regulation of 
PI3K/AKT/mTOR signaling pathway by OPN in GC cells was also explored, providing a new theoretical basis for 
clarifying the metastasis and invasion mechanism of GC and further developing the targeted treatment of GC with 
protein kinase inhibitors.

In recent years, numerous studies demonstrated that OPN overexpressed and promoted the cancer progression in 
various cancers via various signaling pathways[4-18]. With the ongoing study of OPN, OPN is also being explored as a 
potential therapeutic target. For example, reducing OPN expression could provide novel strategies for the treatment of 
patients with various types of metastatic cancer[19-22]. Wang et al[36] reported that silencing the expression of OPN in 
GC cell line SGC7901 inhibited the growth and metastasis of GC. Park et al[37] also reported that the migration ability of 
GC cells with OPN knockdown was reduced.

We found in our study that the mRNA and protein expression levels of OPN were highly expressed in GC SGC-7901 
cells (Figure 1), and OPN knockdown inhibits cell proliferation, invasion and migration in SGC-7901 cells (Figure 2). Our 
results indicated that OPN as an inducer of cell proliferation, invasion and migration.

Another important finding of our study was that overactivation of the PI3K/AKT signaling pathway was associated 
with OPN-induced progression of GC cells. Several studies have demonstrated that OPN promotes tumor invasion and 
metastasis by inducing activation of signaling pathways that regulate cell migration and tumor progression, such as 
mitogen-activated protein kinase and PI3K/AKT[38].
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Figure 4 Osteopontin regulates the matrix metalloproteinase 2 and vascular endothelial growth factor expression via phos-
phatidylinositol-3-kinase/protein kinase B/mammalian target of rapamycin pathway. A: Western blotting analysis of mammalian target of rapamycin 
(mTOR), protein kinase B (AKT), phosphorylated AKT (p-AKT) (Ser473), matrix metalloproteinase 2 (MMP-2) and vascular endothelial growth factor (VEGF) protein 
expression levels in SGC-7901 cells after transfected into negative control short hairpin RNA (shRNA) (negative control-shRNA) or osteopontin-shRNA3. β-actin 
expression was used as a loading control and for normalization; B: Densitometry analysis of the protein bands of mTOR, AKT, MMP-2, p-AKT, p-AKT and AKT, 
VEGF; C: Western blotting assay of SGC-7901 cells administrated LY294002 inhibitor on mTOR, AKT, p-AKT (Ser473), MMP-2 and VEGF protein expression levels; 
D: Relative protein expression of mTOR, AKT, MMP-2, p-AKT, p-AKT/AKT and VEGF. Data are shown as the means ± SE (n = 3). aP < 0.05; bP < 0.01. AKT: Protein 
kinase B; mTOR: Mammalian target of rapamycin; MMP-2: Matrix metalloproteinase 2; VEGF: Vascular endothelial growth factor; NC-shRNA: Negative control short 
hairpin RNA; OPN: Osteopontin.

PI3K/AKT signaling pathway is one of the most widely studied signaling pathways. Some studies have shown that the 
PI3K/AKT/mTOR signaling pathway is involved in the proliferation, invasion and metastasis of GC cells[34,35]. In an in 
vitro study of breast cancer, OPN expression was found to increase with the aggressiveness of the breast cancer 
phenotype. Knockdown of OPN may reduce breast cancer metastasis by regulating αv and β3 integrin expression and 
inhibiting PI3K/AKT/mTOR signaling pathway[39].

PKB/AKT, a serine/threonine (Ser/Thr) protein kinase, is the main effector downstream of PI3K and its activity is 
regulated by phosphorylation. P-AKT, the active form of AKT, affects a variety of cellular functions. Abnormal activation 
of AKT has been detected in a variety of malignant tumor cells[40].

In our study, western blot results showed that phosphorylation of AKT in SGC-7901 cells decreased after OPN 
silencing (Figure 4). This further supports the idea. Similarly, GC cell lines with stable overexpression of OPN were 
incubated with the PI3K inhibitor LY294002, and phosphorylation of AKT was significantly reduced (Figure 4). In 
conclusion, OPN may promote GC invasion and migration by activating PI3K/AKT/mTOR signaling pathway. To our 
knowledge, this study is the first to demonstrate a relevance between OPN and the PI3K/AKT signaling pathway in 
human GC cell lines.
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ECM degradation is a key step in tumor invasion and migration and ECM degradation mainly depends on MMPs 
(such as MMP-2 and MMP-9), which bind to adhesion molecules and digest ECM-related components during cell 
migration, thus facilitating the movement of cancer cells[41]. MMP-2 is a proteolytic enzyme that mainly degrades type 
IV collagen, leading to destruction of basement membrane, infiltration of tumor cells into connective tissue matrix, infilt-
ration of small blood vessels and lymphatic vessels, and thus metastasis[42]. MMPs are highly regulated by growth 
factors, cytokines and ECM proteins. OPN, as an ECM protein, can induce the production and activation of MMP-2 in 
cells, and the increased expression of MMP-2 further enhances the ability of tumor cells to digest ECM-related 
components, and ultimately leads to the promotion of tumor cell invasion and metastasis[43,25].

Tumor growth and metastasis depend on angiogenesis, and VEGF can induce angiogenesis[44,45]. It has been reported 
that increased VEGF expression can promote angiogenesis, thereby enhancing the ability of tumor cells to enter 
circulation and ultimately promote tumor metastasis to other organs[45]. Tang et al[29] found that OPN and VEGF were 
co-expressed in GC tissues, and their expression levels were significantly correlated with tumor node metastasis staging, 
lymph node metastasis and distant metastasis (P < 0.05). Xu et al[46] also studied the effect of OPN on VEGF expression 
in articular cartilage and found that OPN may directly up-regulate VEGF expression through PI3K/AKT and mitogen-
activated protein kinase 1 pathways.

In this study, we found that mRNA and protein expression levels of MMP-2 and VEGF were inhibited in SGC-7901 
cells treated with OPN knockdown and LY294002 inhibitor (Figures 3 and 4). Consequently, we speculate that OPN 
promoting the invasion and migration of GC SGC-7901 cells, which might be related to the increasing expression of 
MMP-2 and VEGF. The results of our study are similar to those of previous studies[47].

In our study, we detected a strange phenomenon that OPN was also expressed in normal gastric epithelial GES-1 cells 
(Figure 1A-C). This phenomenon may be related to the existence of OPN splicing variants (a, b, c). Studies have found 
that normal gastric GES-1 cells mainly express OPN-a subtype, and GC cell lines mainly express OPN-c subtype[48]. 
Another study also showed that OPN-c subtypes were overexpressed in GC and correlated with the prognosis of GC, 
while the other two subtypes were not associated with the progression of GC[31]. These studies may explain why OPN is 
expressed in GES-1 cells.

In this study, we preliminarily analyzed the effects of OPN on the proliferation, invasion and migration of GC cells, 
which is similar to previous literature. Our study further found that OPN knockdown and LY294002 inhibitor inhibited 
the activation of PI3K/AKT/mTOR pathway and down-regulated the mRNA and protein expression of MMP-2 and 
VEGF in GC-7901 cells, ultimately inhibiting the proliferation, invasion and migration of GC cells.

CONCLUSION
In conclusion, OPN may promote the progression of GC by activating PI3K/AKT/mTOR signaling pathway and up-
regulating the expression of MMP-2 and VEGF. Our findings suggest that OPN is a new prognostic marker and potential 
therapeutic target for GC.

There are some limitations to our study. Due to the limitation of time and funds, the experimental design was 
somewhat simple, and only in vitro experiments were designed. In the future, with the support of further research 
funding, we hope to conduct some in vivo studies to verify this, such as animal trials. Although more remains to be 
learned about the mechanism, it is clear that OPN is a promising biomarker. OPN targeting therapy may be an effective 
way to overcome treatment failure and significantly enhance anti-tumor activity. Currently, several OPN inhibitors are 
under preclinical study for the treatment of solid tumors such as bowel cancer and lung cancer[49,50]. Although initial 
results from different OPN inhibitors are encouraging, clinical benefits remain to be demonstrated.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is one of the most common malignant tumors. Osteopontin (OPN) is thought to be closely related to 
the occurrence, metastasis and prognosis of many types of tumors.

Research motivation
To search for a potential prognostic biomarker for GC as well as a potential therapeutic target.

Research objectives
The purpose of this study was to investigate the effects of OPN on the proliferation, invasion and migration of GC cells 
and its possible mechanism.

Research methods
The mRNA and protein expression of OPN in the GC cells were analyzed by real-time quantitative-reverse transcription 
and western blotting, and observe the effect of varying degree expression OPN on the proliferation and other behaviors 
of GC. Next, the effects of OPN knockdown on GC cells migration and invasion were examined. The short hairpin RNA 
(shRNA) and negative control shRNA targeting OPN-shRNA were transfected into the cells according to the manu-
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facturer’s instructions. Non transfected cells were classified as control in the identical transfecting process. 24 h after RNA 
transfection cell proliferation activity was detected by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide 
assay, and cell invasiveness and migration were detected by Trans well assay. Meanwhile, the expression of protein 
kinase B (AKT), matrix metalloproteinase 2 (MMP-2) and vascular endothelial growth factor (VEGF) in the human GC 
cell lines was detected by reverse transcription polymerase chain reaction and western blotting.

Research results
The results of this study revealed that OPN mRNA and protein expression levels were highly expressed in SGC-7901 
cells. OPN knockdown by specific shRNA noticeably reduced the capabilities of proliferation, invasion and migration of 
SGC-7901 cells. Moreover, in the experiments of investigating the underlying mechanism, results showed that OPN 
knockdown could down- regulated the expression of MMP-2 and VEGF, it also decreased the phosphorylation of AKT. 
Meanwhile, the protein expression levels of MMP-2, VEGF and phosphorylated AKT was noticeable lower than that in 
control group in the GC cells after they were added to phosphatidylinositol-3-kinase (PI3K) inhibitor (LY294002).

Research conclusions
These results suggested that OPN though PI3K/AKT/mammalian target of rapamycin signal pathway to up-regulate 
MMP-2 and VEGF expression, which contribute SGC-7901 cells to proliferation, invasion and migration. Thus, our results 
demonstrate that OPN may serve as a novel prognostic biomarkers as well as a potential therapeutic targets for GC.

Research perspectives
The effects of OPN on proliferation, invasion and migration of GC cells were confirmed by preliminary evidence, which 
may be used as a prognostic biomarker and potential therapeutic target in the future.
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Abstract
BACKGROUND 
The molecular mechanisms of colorectal cancer development and progression are 
far from being elucidated.

AIM 
To investigate the role of microRNA-363-3p (miR-363-3p) in the progression of 
colorectal cancer.

METHODS 
Real-time polymerase chain reaction was performed to detect miRNA expression 
in human colorectal cancer tissues and paired normal colorectal tissues. PITA 6 
was utilized to predict the targets of miR-363-3p. Dual-luciferase reporter system 
was used to validate the target of miR-363-3p. Plate colony formation assay and 
wound-healing assay were performed to evaluate cancer cells’ clonogenic survival 
ability and migration ability, respectively. Cell proliferation was examined by cell 
counting kit-8 assay. Immunohistochemical staining was used to determine the 
expression level of interferon-induced transmembrane protein 1 (IFITM1) in 
colorectal cancer tissues and adjacent tissues. The TCGA and GTEx databases 
were used to compare the expression levels of IFITM1 mRNA in colorectal cancer 
tissues and normal colorectal tissues and analyze the correlation between the 
expression levels of IFITM1 mRNA and overall survival and disease-free survival 
of patients. A colorectal cancer cell line with a deficiency of IFITM1 was 
constructed, and the regulation effect of IFITM1 on the clonogenic growth of 
colorectal cancer cells was clarified.

RESULTS 
MiR-363-3p was decreased in colorectal cancer tissues compared to normal 
colorectal tissues. IFITM1 was characterized as a direct target of miR-363-3p. 
Overexpression of miR-363-3p led to decreased clonogenic survival, proliferation, 
and migration of colorectal cancer cells, which could be reversed by forced 
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IFITM1 expression.

CONCLUSION 
MiR-363-3p can constrain clonogenic survival, proliferation, and migration of colorectal cancer cells via targeting 
IFITM1.

Key Words: MicroRNA-363-3p; Proliferation; Clonogenic survival; Colorectal cancer; Interferon-induced transmembrane 
protein 1

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

Core Tip: MicroRNAs (miRNAs) have been implicated in almost all known cancer processes. Although many algorithms can 
predict target genes for miRNA, the exact regulatory relationships still need to be experimentally verified. In this study, we 
investigated the role of miR-363-3p in clonogenic survival, proliferation, and migration of colorectal cancer cells and 
interferon-induced transmembrane protein 1 (IFITM1) was identified as a direct target of miR-363-3p. These findings widen 
and deepen the understanding of the molecular function of miR-363-3p and IFITM1.

Citation: Wang Y, Bai SK, Zhang T, Liao CG. MicroRNA-363-3p inhibits colorectal cancer progression by targeting interferon-
induced transmembrane protein 1. World J Gastrointest Oncol 2023; 15(9): 1556-1566
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1556.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1556

INTRODUCTION
Colorectal cancer is the third most common cancer type worldwide; in 2020, almost 2 million cases were diagnosed. 
Colorectal cancer is the second most common cause of cancer death, leading to almost 1 million deaths per year, 
accounting for approximately 10% of new tumor cases and deaths[1]. In 2019, China (607900), the United States (227242), 
and Japan (160211) had the highest number of new cases of colorectal cancer, and China (261777), India (79098), and the 
United States (84026) had the highest number of colorectal cancer deaths[2]. Low-dairy diets (15.6%), smoking (13.3%), 
low-calcium diets (12.9%), and alcohol consumption (9.9%) are important risk factors for colorectal cancer[2], but the 
molecular mechanisms of colorectal cancer development and progression are far from being elucidated.

MicroRNAs (miRNAs) are small endogenous non-coding RNAs (ncRNAs) of about 22 nucleotides in size. miRNAs 
play important roles in gene regulation via a posttranscriptional manner, and their dysregulation is implicated in various 
human diseases including cancer. It is estimated that miRNAs can target more than 60% of human protein-coding genes
[3]. Mechanically, miRNAs prevent the translation of target mRNAs that are then sequestered into mRNA-processing 
bodies (P-bodies) and degraded. MiRNAs also contribute to the degradation of the target mRNAs without sequestration 
to P-bodies[4]. The specificity of miRNA - mRNA interaction is bestowed mainly by a miRNA’s first eight nucleotides 
(known as seed sequence)[5]. Over the past period, miRNAs have been implicated in almost all known cancer processes. 
Depending on the target gene and tumor type, some miRNAs typically negatively affect oncogenes encoding proteins, 
while some other miRNAs can inhibit known tumor suppressors, so miRNAs can act as onco-miRNAs or tumor 
suppressor miRNAs[6]. For example, miR-100 and miR-125b coordinately repressed five Wnt/β-catenin negative 
regulators, resulting in increased Wnt signaling in colorectal cancer[7]. MiR-146a targets PTGES2 and suppresses 
colorectal cancer[8]. Recently, miR-363-3p was reported to participate in the regulation of a variety of diseases. In 
addition, the downregulation of miR-363-3p is closely correlated with the degree of differentiation, tumor-node-
metastasis stage, and lymph node metastasis in gastric cancer[9]. Overexpression of miR-363-3p is a strong predictor of 
favorable prognosis in adenocarcinoma of the uterine cervix[10]. MiR-363-3p suppresses tumor growth and metastasis of 
colorectal cancer via targeting sphingosine kinase 2[11] and SRY-related high-mobility-group box 4 (SOX4)[12]. In 
contrast, the expression of miR-363-3p was increased in glioma[13] and pediatric T-cell acute lymphoblastic leukemia
[14]. MiR-363-3p functions as onco-miRNA promotes cell proliferation, protects against apoptosis, and enhances invasion 
by directly targeting PDHB in glioma[13] and PTEN and BIM in leukemic cells[14]. Based on previous studies, we 
speculated that miR-363-3p might exert an essential effect on colorectal cancer progression.

Interferon-induced transmembrane protein 1 (IFITM1), also known as DSPA2a and CD225, is a member of the 
interferon-induced transmembrane protein family. Friedman et al[15] first identified the IFITM1 gene in neuroblastoma 
cells. The IFITM1-coding gene is located at 11p15.5, and the IFITM1 protein consists of 125 amino acid residues with a 
molecular weight of about 13.96 kDa, including the C-terminal extracellular domain, two transmembrane domains, and 
N-terminal intracellular domains. Li et al[16] found higher levels of IFITM1 expression in gallbladder adenocarcinoma 
and adenosquamous cell carcinoma tissues with high tumor-node-metastasis (TNM) stage and with lymph node 
metastasis and invasion. In estrogen receptor (ER)-positive breast cancer, IFITM1 expression levels are associated with 
TNM staging and poor prognosis[17]. Therefore, IFITM1 is closely related to the occurrence and development of tumors, 
but the regulation and clinical significance of IFITM1 in colorectal cancer tissues still need to be studied in depth. In this 
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study, we investigated the role and the underlying mechanisms of miR-363-3p in the clonogenic survival, proliferation, 
and migration of colorectal cancer cells. To our knowledge, this is the first study to identify IFITM1 as a direct target of 
miR-363-3p.

MATERIALS AND METHODS
Cell culture
Human colorectal cancer cell lines SW480, SW1116, Colo320, and Caco-2 were obtained from American Type Culture 
Collection and cultured in RPMI 1640 medium (Thermo Fisher Scientific, Waltham, MA, United States) containing 10% 
fetal bovine serum (Thermo Fisher Scientific) and Penicillin-Streptomycin (Thermo Fisher Scientific). IFITM1 knockout 
SW480 cell line (SW480KO) was generated using the CRISPR/Cas9 system. gRNA targeting sequence was 5’-CCGCTGT-
GGTGTCCGGATGC-3’. SW480 cells were transfected with PX459 V2.0 containing the gRNA sequence using 
Lipofectamine 2000 (Invitrogen, Waltham, MA). After 48 h of transfection, the positive cells were selected with 
puromycin at 2 μg/mL for 5 d. The puromycin-resistant cells were seeded into a 96-well plate at one cell per well using 
CytoFLEX SRT (Beckman, Brea, CA). The knockout cells were confirmed by western blotting. All cultures were 
maintained at 5% CO2 and 37 °C.

Tissue samples
Colorectal cancer tissues and adjacent normal tissues were obtained from patients at Tangdu Hospital, Air Force Medical 
University. All human individuals provided written informed consent. The study was approved by the Hospital Ethics 
Committee (202203-116). All participants (aged 42-76 years, 60% males, stages ranging from I to IVA) did not receive 
chemotherapy or radiation therapy before resection. The study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Agomir/antagomir transfection
Agomir-363-3p, agomir-NC, antagomir-363-3p and antagomir-NC were obtained from RiboBio (Guangzhou, China). 
Cells in the logarithmic growth phase were trypsinized, resuspended, and seeded into 6-well plates. After being cultured 
overnight, cells were transfected with 75 pmol agomir or antagomir using Lipofectamine 2000 (Invitrogen) according to 
the manufacturer’s instructions. After 48 h, the cells were collected for subsequent analysis.

RNA isolation, cDNA transcription, and quantitative polymerase chain reaction
Total RNA was extracted using a Trizol reagent (Life Technologies, Carlsbad, CA) based on the supplier’s instruction. 
MiRNA was reversely transcribed using the miRNA 1st Strand cDNA Synthesis Kit (Vazyme, Nanjing, China). mRNA 
was reversely transcribed using the SuperScript™ IV First-Strand Synthesis System with ezDNase™ Enzyme (Thermo 
Fisher Scientific). Quantitative polymerase chain reaction (qPCR) with specific primers was performed with the SYBR kit 
(TaKaRa, Shiga, Japan). Samples were normalized to housekeeping expression of glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) or snRNA U6 using the 2-ΔΔCt method. The sequences of primers were as follows: IFITM1 sense, 5’-
CCAAGGTCCACCGTGATTAAC-3’; antisense, 5’-ACCAGTTCAAGAAGAGGGTGTT-3’; GAPDH sense, 5’-GCACCGT-
CAAGGCTGAGAAC-3’; antisense, 5’-TGGTGAAGACGCCAGTGGA-3’; miRNA363-3p sense, 5’-AATTGCACG-
GTATCCA-3’; antisense, 5’-AGTGCAGGGTCCGAGGTATT-3’; snRNA U6 sense, 5’-CTCGCTTCGGCAGCACA-3’; 
antisense, 5’-AACGCTTCACGAATTTGCGT-3’.

Western blotting
Cells were lysed with RIPA lysis buffer containing protease inhibitors. Protein concentration was determined using a 
BCA kit (Thermo Fisher Scientific). The proteins were separated using standard gel electrophoresis and blotted onto 
polyvinylidene fluoride membranes. Membranes were blocked with 5% nonfat milk in poly(butylene succinate-butylene 
terephthalate) (PBST) and incubated in primary antibody solution at 4 °C overnight. After being washed with PBST three 
times, the membranes were incubated with a secondary antibody at 24 °C for 45 min. Immunoblots were developed using 
an ECL-chemiluminescence Kit (Merck Millipore, Watford, United Kingdom), according to the manufacturer’s 
instructions. The primary antibody against IFITM1 (5B5E2) was obtained from Proteintech (Wuhan, China). α-tubulin 
was used as loading control and its antibody was purchased from Cell Signaling Technology (Danvers, MA). HRP-linked 
secondary antibodies were obtained from Thermo Fisher Scientific. The raw blots have been included in Supple-
mentary Figure 1.

Dual-luciferase reporter assay
The predicted binding region of miR-363-3p in IFITM1 3’ untranslated region (UTR) (pGL3-wt) or mutated targeting 
sequence (pGL3-mt) was ligated into the pGL3-Basic vector. SW480 cells were transfected with pGL3 construct and pRL-
TK (ratio of 50 to 1) using Lipofectamine 2000 (Invitrogen). Luciferase activity was measured using Dual-Luciferase 
Reporter Assay System (Promega, Madison, WI) according to the manufacturer’s instructions. The relative luciferase 
activity was calculated by dividing the results from the Firefly luciferase assay over the Renilla luciferase assay.

Plate colony formation assay
Cells were digested to prepare single-cell suspensions and seeded at 300 cells/2 mL in 6-well plates. Cells were cultured 
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for about 2 wk until visible clones formed. The clones were fixed with 4% paraformaldehyde at 24 °C for 15 min. After 
being rinsed with phosphate buffered saline (PBS) three times, the clones were stained with Coomassie brilliant blue R250 
at 24 °C for 20 min. The plates were washed with PBS several times to remove the residual dye. The clones in each well 
were counted.

Wound-healing assay
Cells were seeded at 3 × 105 cells per well in 24-well plates. After the cells became confluent, a 10 μL pipette tip was used 
to wound the monolayer by scratching and the cells in suspension were removed by changing the medium. With a cell-
free gap prepared, a series of time-lapse images were acquired as cells migrated into the cell-free gap. The change in the 
wound width (the average distance between the two margins of the scratch) was measured using ImageJ.

Cell proliferation assay
Cell proliferation was determined using cell counting kit-8 (CCK-8, Solarbio, Beijing, China). Cells were digested to 
prepare single-cell suspensions and seeded at a density of 2 × 103 cells/100 μL in 96-well plates. 10 μL of the CCK-8 
solution was added to each well of the plate. After incubating the plate for 2 h in the incubator, the absorbance at 450 nm 
was measured using a microplate reader (Fluoroskan FL, Thermo Fisher Scientific). Subtraction of the blank well 
absorbance (absorbance of wells containing medium and CCK-8) was performed before analysis.

Immunohistochemical staining
Sections 5 μm in thickness were prepared from formalin-fixed, paraffin-embedded tissues. Paraffin sections were 
deparaffinized, hydrated followed by a Tris-EDTA-based antigen retrieval step, and blocked against non-specific binding 
using normal goat serum (Cell Signaling Technology) followed by incubation using an anti-IFITM1 antibody (5B5E2, 
Proteintech) at 4 °C overnight. After being washed for 20 min, the sections were treated with universal biotinylated anti-
mouse/rabbit/goat IgG derived from the horse (Vector Laboratories, Burlingame, CA) at 24 °C for 30 min. Signal 
development was performed using the NovaRED kit (Vector Laboratories) according to the manufacturer’s instructions.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 8.0 (San Diego, CA, United States). Student’s t-test was used to 
compare the two groups. The One-Way ANOVA was used to compare the means across three or more groups. Survival 
analysis was performed using the Kaplan-Meier method and compared using the log-rank test. Immunohistochemical 
(IHC) score was analyzed using a χ2 test. Statistical significance was considered at P < 0.05.

RESULTS
MiR-363-3p is downregulated in human colorectal cancer tissues
We first determined the expression pattern of miR-363-3p in 50 colorectal cancer tissues and paired normal colorectal 
tissues using real-time PCR. As shown in Figure 1A, we found that the expression of miR-363-3p was decreased in 
colorectal cancer tissues compared to the paired normal colorectal tissues.

MiR-363-3p inhibits clonogenic survival, proliferation, and migration of colorectal cancer cells
To determine the effect of miR-363-3p on colorectal cancer progression, we first determined the expression level of miR-
363-3p in human colorectal cancer cell lines (Figure 1B). As SW480 and SW1116 had the highest and lowest expression of 
miR-363-3p, respectively, the two cell lines were used in the subsequent experiments. We transfected SW1116 cells with 
agomir-363-3p and found that overexpression of miR-363-3p led to decreased clonogenic survival (Figure 1C), prolif-
eration (Figure 1D), and migration (Figure 1E). In contrast, transfection of SW480 cells with antagomir-363-3p resulted in 
enhanced clonogenic survival (Figure 1F), proliferation (Figure 1G), and migration (Figure 1H). All these data suggest 
that miR-363-3p is a suppressive player involved in colorectal cancer progression.

MiR-363-3p directly targets IFITM1
MiRNAs are supposed to regulate various cellular behaviors by targeting specific sites in mammalian mRNAs. Using 
PITA 6[18], IFITM1 was predicted as a promising target for miR-363-3p (Figure 2A). We found that overexpression of 
agomir-363-3p in SW1116 cells significantly decreased IFITM1 expression at both mRNA and protein levels (Figures 2B 
and C). As expected, inhibiting miR-363-3p via transfecting SW480 cells with antagomir-363-3p increased IFITM1 
expression (Figures 2D and E). To examine the interaction between miR-363-3p and its targeting site in IFITM1 mRNA, 
luciferase reporter gene assays using constructs containing the predicted targeting sequence (pGL3-wt) and mutated 
targeting sequence (pGL3-mt) were performed. We found that co-transfection of agomir-363-3p and pGL3-wt in SW1116 
cells led to decreased luciferase activity compared with the scramble control (Figure 2F), while co-transfection of agomir-
363-3p and pGL3-mt in SW1116 cells showed luciferase activity comparable to that of the scramble control (Figure 2G). 
All these results demonstrate that IFITM1 is a direct target of miR-363-3p.

IFITM1 mediates the regulatory effects of miR-363-3p on colorectal cancer progression
As miR-363-3p modulates IFITM1 expression, next we determined whether IFITM1 contributed to the regulatory effects 
of miR-363-3p on colorectal cancer progression. We generated IFITM1 knockout SW480 cell line (SW480KO) using the 
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Figure 1 MicroRNA-363-3p is downregulated in colorectal cancer tissues and inhibits clonogenic survival, proliferation and migration of 
colorectal cancer cells. A: Quantitative polymerase chain reaction (qPCR) analysis of microRNA-363-3p (miR-363-3p) expression in colorectal cancer tissues 
and paired normal colorectal tissues; B: qPCR analysis of miR-363-3p expression in human colorectal cancer cell lines; C: Representative images of clonogenic 
survival of SW1116 cells transfected with agomir-363-3p or agomir-NC. The graph shows the number of colonies; D: Proliferation curve of SW1116 cells transfected 
with agomir-363-3p or agomir-NC; E: Representative images of the gaps at 0 and 24 h after scratching. SW1116 cells were transfected with agomir-363-3p or agomir-
NC. The graph shows the relative migration distance. The scale bar is 200 μm; F: Representative images of clonogenic survival of SW480 cells transfected with 
antagomir-363-3p or antagomir-NC. The graph shows the number of colonies; G: Proliferation curve of SW480 cells transfected with antagomir-363-3p or antagomir-
NC; H: Representative images of the gaps at 0 and 24 h after scratching. SW480 cells were transfected with antagomir-363-3p or antagomir-NC. The graph shows 
the relative migration distance. The scale bar is 200 μm. The results were shown as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. miR-363-3p: MicroRNA-363-3p; 
NC: Negative control.
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Figure 2 Interferon-induced transmembrane protein 1 is a direct target of microRNA-363-3p. A: The complementary sequences of microRNA-363-
3p were identified in 3’ untranslated region of interferon-induced transmembrane protein 1 (IFITM1) mRNA; B: Quantitative polymerase chain reaction (qPCR) 
analysis of IFITM1 mRNA expression in SW1116 cells transfected with agomir-363-3p or agomir-NC; C: Western blot analysis of IFITM1 expression in SW1116 cells 
transfected with agomir-363-3p or agomir-NC. Graph shows quantification of relative levels of IFITM1 expression; D: qPCR analysis of IFITM1 mRNA expression in 
SW480 cells transfected with antagomir-363-3p or antagomir-NC; E: Western blot analysis of IFITM1 expression in SW480 cells transfected with antagomir-363-3p or 
antagomir-NC. Graph shows quantification of relative levels of IFITM1 expression; F and G: Luciferase reporter gene assays using constructs containing the 
predicted targeting sequence (pGL3-wt) and mutated targeting sequence (pGL3-mt). SW1116 cells were transfected with the indicated constructs. The results were 
shown as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. UTR: Untranslated region; IFITM1: Interferon-induced transmembrane protein 1; miR-363-3p: MicroRNA-
363-3p; NC: Negative control; NS: Not significant.

CRISPR-Cas9 system (Figure 3A) and inhibited miR-363-3p via transfecting antagomir-363-3p. As mentioned above, 
inhibiting miR-363-3p resulted in elevated clonogenic survival, proliferation, and migration in SW480 cells, in contrast, 
these effects became marginal in SW480KO cells (Figures 3B-D). These results suggest that IFITM1 contributes, at least 
partially, to the regulatory effects of miR-363-3p on clonogenic survival, proliferation, and migration of colorectal cancer 
cells.

The abundance of miR-363-3p displays the negative correlation with IFITM1 expression in human colorectal cancer 
tissues
We identified IFITM1 as a direct target of miR-363-3p using colorectal cancer cell lines. To make this conclusion more 
solid, we evaluated the expression of miR-363-3p and IFITM1 in human colorectal cancer tissues. We found that the 
mRNA and protein expression levels of IFITM1 in colorectal cancer tissues were significantly higher than those in normal 
colorectal tissues (Figures 4A and B, Supplementary Table 1); TCGA data also showed that IFITM1 mRNA expression 
was increased in colorectal cancer tissues (Figure 4C) and was not associated with overall survival (OS) in patients with 
colorectal cancer (Figure 4D), but was positively correlated with disease-free survival (DFS) in patients with rectal cancer 
(Figure 4E). We also evaluated miR-363-3p and IFITM1 mRNA expression in 24 colorectal cancer tissues using qPCR. We 
found that IFITM1 mRNA expression was inversely correlated to miR-363-3p expression (R2 = 0.2216, Figure 4F). These 
results indicate that miR-363-3p negatively modulates IFITM1 expression in colorectal cancer tissues.

DISCUSSION
MiR-363-3p has been reported to be dysregulated and exert a promoting or inhibiting effect on tumor development and 
progression in many types of cancers. MiR-363-3p was significantly decreased in hepatocellular carcinoma (HCC)[19], 
papillary thyroid carcinoma[20], lung cancer[21], osteosarcoma[22], gastric cancer[9], CD133+ larynx cancer stem-like cells
[23] and colorectal cancer[11]. However, the underlying mechanisms behind this dysregulation are far from clear. Li et al
[24] reported that miR-363-3p is activated by its upstream transcription activator MYB in osteoporosis pathogenesis. MiR-
363-3p could be sponged by circCTNNA1[25], circ_0002111[26], lncRNA NR2F1-AS1[27], lncRNA SNHG5[28], and 
lncRNA MALAT1[29] in colorectal cancer, papillary thyroid carcinoma, non-small cell lung cancer, and clear cell renal 
cell carcinoma.
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Figure 3 Interferon-induced transmembrane protein 1 mediates the regulatory effects of microRNA-363-3p on clonogenic survival, 
proliferation and migration of colorectal cancer cells. A: Western blot analysis of interferon-induced transmembrane protein 1 expression in SW480 and 
SW480KO cells; B: Representative images of clonogenic survival of SW480 or SW480KO cells. Cells were transfected with antagomir-363-3p or antagomir-NC. The 
graph shows the number of colonies; C: Proliferation curve of SW480 or SW480KO cells. Cells were transfected with antagomir-363-3p or antagomir-NC; D: 
Representative images of the gaps at 0 and 24 h after scratching. SW480 or SW480KO cells were transfected with antagomir-363-3p or antagomir-NC. The graph 
shows the relative migration distance. The scale bar is 200 μm. The results were shown as the mean ± SD. aP < 0.05, bP < 0.01. NS: No significance; IFITM1: 
Interferon-induced transmembrane protein 1; NC: Negative control.

MiR-363-3p inhibits tumorigenesis by directly targeting SOX4[19], high mobility group protein 2 (HMGA2)[30], USP28
[31], and specificity protein 1[32] in HCC. MiR-363-3p inhibits tumor growth by targeting mouse double minute 2[33], 
proliferating cell nuclear antigen[34], HMGA2[35], neural precursor cell-expressed developmentally down-regulated 9 
and SOX4[36] in lung cancer. miR-363-3p suppresses anoikis resistance via targeting integrin alpha 6 in papillary thyroid 
carcinoma[20]. MiR-363-3p is induced by hypoxia-inducible factor 2alpha to promote the stemness of melanoma cells via 
inhibiting p21[37]. MiR-363-3p markedly inhibits the proliferation, migration, and invasion of osteosarcoma cells via 
targeting SOX4[22]. This study provides another piece of evidence supporting miR-363-3p as a tumor suppressor. We 
confirmed that miR-363-3p is downregulated in human colorectal cancer tissues and inhibits clonogenic survival, prolif-
eration, and migration of colorectal cancer cells.

IFITM1 belongs to a family of small homologous proteins, localized in the plasma and endolysosomal membranes, 
which regulate T cell differentiation and function and confer cellular resistance to many viruses[38]. There is mounting 
evidence that IFITM1 is an oncogene. IFITM1 expression is upregulated in gastric cancer[7], aromatase inhibitor-resistant 
breast cancer[8], triple-negative breast cancer[9], oral squamous cell carcinoma[10], and non-small cell lung cancer[11]. 
Furthermore, IFITM1 expression levels are closely related to patient outcomes[7,12]. IFITM1 regulates diverse aspects of 
tumorigenesis and progression, such as tumor cell proliferation, invasion, angiogenesis, metastasis, and therapeutic 
resistance, indicating that IFITM1 is a promising therapeutic target, and inhibiting IFITM1 (e.g., blocking IFITIM1 by 
antibody, suppressing IFITM1 expression by oligonucleotides, targeted IFITIM1 degradation using bifunctional small 
molecules) may be a promising strategy for cancer treatment. In colorectal cancer, the elevated IFITM1 expression 
significantly correlates with colorectal cancer lymph node and distance metastasis, a more advanced clinical stage as well 
as a shorter OS[39]. However, TCGA data showed that increased IFITM1 mRNA expression was not associated with OS 
in patients with colorectal cancer (Figure 4D), but was positively correlated with DFS in patients with rectal cancer 
(Figure 4E). He et al[40] reported that high expression of IFITM1 is associated with poor prognosis of rectal cancer, and no 
association was found between IFITM1 expression and the prognostic significance with patients with colon cancer. This 
discrepancy may be due to several factors. First, analysis using TCGA data focuses on IFITM1 mRNA expression, 
however, the level of mRNA expression is not exactly the same as the level of protein expression. Secondly, the antibodies 
used for IFITM1 detection and the scoring criteria for IHC staining are not exactly the same. Finally, patient survival is 
associated with many factors, and tumors are highly heterogeneous.

In vitro assays revealed that IFITIM1 promotes migration[41] and invasion[39] of human colorectal cancer via caveolin-
1. Apc mutation induces the expression of IFITM1 and high expression of IFITM1 reduces the uptake of fibroblast 
extracellular vesicles[42]. In this study, we identified miR-363-3p as a new epigenetic modulator of IFITM1. We revealed 
the binding site of miR-363-3p in IFITM1 3’ UTR region and proved that the expression of IFITM1 can be efficiently 
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Figure 4 Expression levels of significance and interferon-induced transmembrane protein 1 are negatively correlated in human colorectal 
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cancer tissues. A: Quantitative polymerase chain reaction analysis of interferon-induced transmembrane protein 1 (IFITM1) mRNA expression in colorectal cancer 
tissues and paired normal colorectal tissues; B: Representative images of IFITM1 expression detected by immunohistochemical staining. Immunohistochemical (IHC) 
scores are shown in the upper left corner, and the scale bar is 50 μm. Violin plots show statistical analysis of IHC scores; C: IFITM1 mRNA expression levels in colon 
cancer and normal colon tissues (left panel), rectal cancer, and normal rectal tissues (right panel) were analyzed using TCGA and GTEx databases; D: Correlation 
analysis of IFITM1 mRNA expression level and overall survival in patients with colon cancer (left panel) or rectal cancer (right panel); E: Correlation analysis of 
IFITM1 mRNA expression level and disease-free survival in patients with colon cancer (left panel) or rectal cancer (right panel); F: Correlation analysis of IFITM1 
mRNA expression level and microRNA-363-3p expression level. The results were shown as the mean ± SD. aP < 0.05. IHC: Immunohistochemical; IFITM1: 
Interferon-induced transmembrane protein 1; miR-363-3p: MicroRNA-363-3p; NC: Negative control.

inhibited by miR-363-3p and that the negative regulatory relationship exists in human colorectal cancer tissues. 
Moreover, a deficiency of IFITM1 can abolish the regulatory effects of miR-363-3p on clonogenic survival, proliferation, 
and migration of colorectal cancer cells. It would be interesting to further investigate whether the regulatory relationship 
between miR-363-3p and IFITM1 is common to other types of cancer, and the related lncRNA or circRNA.

CONCLUSION
Taken together, we identified that the expression of miR-363-3p and IFITM1 was downregulated and upregulated in 
colorectal cancer, respectively. Furthermore, IFITM1 is a direct target of miR-363-3p and the inhibitory effect of miR-363-
3p on colorectal cancer progression is, at least partially, attributed to IFITM1 downregulation. We acknowledge several 
limitations in the present study. First, we didn’t determine the contribution of the miR-363-3p/IFITM1 axis to colorectal 
cancer progression using in vivo models. Second, whether the negative regulatory relationship between miR-363-3p and 
IFITM1 is prevalent in different kinds of tumors has to be further studied. Last, miR-363-3p is dysregulated in numerous 
tumors including colorectal cancer, however, the underlying mechanism was not further explored in the current study.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer is the second most common cause of cancer death, however, the molecular mechanisms of tumori-
genesis and development of colorectal cancer are far from being elucidated.

Research motivation
MicroRNAs play important roles in gene regulation and modulate numerous physical and pathological processes. The 
motivation of this study is to reveal the role of microRNA-363-3p (miR-363-3p) in the development of colorectal cancer 
and the underlying mechanisms.

Research objectives
Compare the expression of miR-363-3p between colorectal cancer tissues and adjacent normal tissues; clarify the role of 
miR-363-3p in clonogenic survival, migration, and proliferation of colorectal cancer cells; identify the direct target of miR-
363-3p in colorectal cancer cells.

Research methods
Real-time polymerase chain reaction was performed to detect miRNA expression. PITA 6 was utilized to predict the 
targets of miR-363-3p. Dual-luciferase reporter system was used to validate the target of miR-363-3p. Plate colony 
formation and wound-healing assays were performed to evaluate cancer cells’ clonogenic survival and migration ability, 
respectively. Cell proliferation was examined by cell counting kit-8 assay. Immunohistochemical staining was used to 
determine the expression level of interferon-induced transmembrane protein 1 (IFITM1).

Research results
MiR-363-3p was decreased in colorectal cancer tissues. IFITM1 was characterized as a direct target of miR-363-3p.

Research conclusions
MiR-363-3p inhibits clonogenic survival, proliferation, and migration of colorectal cancer cells via targeting IFITM1.

Research perspectives
MiR-363-3p/IFITM1 axis may represent a therapeutic target in colorectal cancer.
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Abstract
BACKGROUND 
Cellular senescence, a state of stable growth arrest, is intertwined with human 
cancers. However, characterization of cellular senescence-associated phenotypes 
in hepatocellular carcinoma (HCC) remains unexplored.

AIM 
To address this issue, we delineated cellular senescence landscape across HCC.

METHODS 
We enrolled two HCC datasets, TCGA-LIHC and International Cancer Genome 
Consortium (ICGC). Unsupervised clustering was executed to probe tumor 
heterogeneity based upon cellular senescence genes. Least absolute shrinkage and 
selection operator algorithm were utilized to define a cellular senescence-relevant 
scoring system. TRNP1 expression was measured in HCCs and normal tissues 
through immunohistochemistry, immunoblotting and quantitative real-time 
polymerase chain reaction. The influence of TMF-regulated nuclear protein 
(TRNP)1 on HCC senescence and growth was proven via a series of experiments.
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RESULTS 
TCGA-LIHC patients were classified as three cellular senescence subtypes, named C1–3. The robustness and 
reproducibility of these subtypes were proven in the ICGC cohort. C2 had the worst overall survival, C1 the next, 
and C3 the best. C2 presented the highest levels of immune checkpoints, abundance of immune cells, and immuno-
genetic indicators. Thus, C2 might possibly respond to immunotherapy. C2 had the lowest somatic mutation rate, 
while C1 presented the highest copy number variations. A cellular senescence-relevant gene signature was 
generated, which can predict patient survival, and chemo- or immunotherapeutic response. Experimentally, it was 
proven that TRNP1 presented the remarkable upregulation in HCCs. TRNP1 knockdown induced apoptosis and 
senescence of HCC cells and attenuated tumor growth.

CONCLUSION 
These findings provide a systematic framework for assessing cellular senescence in HCC, which decode the tumor 
heterogeneity and tailor the pharmacological interventions to improve clinical management.

Key Words: Cellular senescence; Hepatocellular carcinoma; Prognosis; Subtypes; Tumor microenvironment; Gene signature; 
Pharmacological interventions

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

Core Tip: Cellular senescence, a state of stable growth arrest, is implicated in human cancers. Nevertheless, characterization 
of cellular senescence-associated phenotypes in hepatocellular carcinoma (HCC) is still indistinct. Here, we proposed a 
novel cellular senescence-based classification for HCC and identified TRNP1 as a novel therapeutic target.

Citation: Wang HH, Chen WL, Cui YY, Gong HH, Li H. Cellular senescence throws new insights into patient classification and 
pharmacological interventions for clinical management of hepatocellular carcinoma. World J Gastrointest Oncol 2023; 15(9): 1567-
1594
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1567.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1567

INTRODUCTION
Cellular senescence is defined as an irreversible cessation of cellular division of cells with normal proliferation[1]. Human 
cells age due to progressive shortening of telomeres following cellular division, stress, oncogenes, etc[2]. Numerous genes 
have been implicated in cellular senescence as biomarkers and causal drivers[3,4]. Cellular senescence is a double-edged 
sword for cancer and its treatment[5,6]. The growth arrest and immunomodulatory features linked with senescence 
possess powerful antimalignant roles[7]. In addition, senescence bypass and secretory phenotype correlate to tumor 
progression and recurrence[8]. Research has unveiled the great potential for antiaging interventions as a novel antitumor 
strategy[9]. Nonetheless, the heterogeneity of senescence-related features makes the definition and targeting of treatment-
induced senescent cells challenging[10].

Hepatocellular carcinoma (HCC) is a poorly managed malignancy with high mortality due to the lack of response to 
classical chemotherapy agents (doxorubicin, cisplatin, etc.) and targeted agents in the early stage[11]. For late-stage HCCs, 
single sorafenib or combination therapy remains the mainstay in first-line therapy, which improves overall survival by 3 
mo[12]. The modest therapeutic success is largely attributable to sorafenib resistance[13]. Immunotherapy with 
checkpoint inhibitors (anti-PD-1/PD-L1) has displayed potent anti-HCC activity in a subset of patients[14]. The main 
unmet challenge in HCC immunotherapy is to discover and verify predictive biomarkers[15]. Accumulated evidence 
demonstrates that inducing tumor cells into senescence represents a potential anti-HCC therapy[16]. In HCCs, cellular 
senescence is primarily controlled by p53-dependent or -independent mechanisms[17]. Paradis et al[18] investigated 
replicative senescence in normal liver, chronic hepatitis C, and HCC, and demonstrated that chronic hepatitis C is a 
relevant model of accelerated replicative senescence and that accumulation of replicative senescent cells predispose to 
HCC progression[18]. Hepatic stellate cell activation and senescence also trigger the development of liver cirrhosis 
towards HCC[19]. Yildiz et al[20] found that cirrhosis and HCC exhibit expression patterns compatible with senescent 
and immortal phenotypes, respectively, while dysplasia is a transitional state. Senescence bypass exerts an essential role 
in hepatocellular carcinogenesis engendering systematic alteration in the transcription of genes modulating DNA repair, 
proliferation, differentiation, metabolism, etc[20]. Eggert et al[21] reported that while chemokines secreted by senescent 
hepatocytes inhibit liver cancer initiation, they enable to facilitate the growth of fully established HCC[21]. Due to the 
highly heterogeneous malignancy at the molecular and histological levels, characterization of cellular senescence-based 
classification might facilitate the personalized treatment of HCCs. Recently, cell senescence molecular subtypes have been 
conducted for predicting prognostic outcomes and immunotherapeutic responses of hepatitis B virus-related HCC 
patients[22]. A cellular-senescence-related classifier has been developed for inferring predicting prognosis, immunothera-

https://www.wjgnet.com/1948-5204/full/v15/i9/1567.htm
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peutic responses, and candidate agents in HCCs[23]. However, these findings are based upon retrospective analysis, and 
lack of experimental validation. To address these problems, our integrative analysis classified HCCs as three cellular 
senescence subtypes and defined a cellular senescence-relevant scoring system, which decoded the tumor heterogeneity 
as well as tailored the pharmacological interventions to boost clinical management of HCC.

MATERIALS AND METHODS
Acquisition of cellular senescence genes
Totally, 279 human cellular senescence genes were acquired from the CellAge database (https://genomics.senescence.
info/cells/)[3,4]. Genes that induce cellular senescence present the overexpression with age in human tissue samples and 
are notably overrepresented in antilongevity and tumor-suppressor genes; meanwhile, genes that inhibit cellular 
senescence overlap with prolongevity genes and oncogenes. The detailed information is listed in Supplementary Table 1.

Public HCC datasets
HCC patients were acquired from three public datasets, covering the Cancer Genome Atlas (TCGA-LIHC) database (
https://portal.gdc.cancer.gov/projects/TCGA-LIHC) (n = 368), the International Cancer Genome Consortium (ICGC) 
portal (https://dcc.icgc.org/projects/LIRI-JP/) (n = 232), and the GSE14520 (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE14520). Clinicopathological traits of above datasets are summarized in Supplementary Table 2. All 
expression data were transformed o transcripts per kilobase million, followed by log-2 conversion.

Differential expression analysis
Utilizing limma package, differentially expressed cellular senescence genes were screened in HCC relative to normal liver 
tissues[24]. To prevent high false-positive rate, P values were adjusted via Benjamini–Hochberg approach. Adjusted P < 
0.01 and |log2 fold change (FC)| > 0.58 were regarded as the criteria of differentially expressed genes.

Functional annotation analysis
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) were annotated by use of clusterProfiler 
package[25]. GO terms and KEGG pathways with adjusted P < 0.05 were significantly enriched. The activity of fifty 
hallmark pathways was computed through GSVA package[26] based upon the gene sets of Molecular Signatures 
Database[27].

Unsupervised clustering
Based upon the prognostic differentially expressed cellular senescence genes derived from univariate Cox regression (P < 
0.05), unsupervised clustering was implemented for TCGA-LIHC patients utilizing ConsensusClusterPlus package[28]. 
This process was conducted with 1000 iterations through sampling 80% of all the data for each iteration, thus ensuring 
clustering stability. The optimal number of clusters was identified utilizing consensus heatmap together with cumulative 
distribution function (CDF) curves. Principal component analysis (PCA) was utilized for recognizing and visualizing 
distinct subtypes.

Nearest template prediction for subtype verification
Nearest template prediction (NTP) method is flexible for evaluating class prediction confidence for patients. Up-regulated 
genes were regarded as markers of each subtype with adjusted P < 0.05, which were adopted in the NTP method derived 
from CMScaller package[29], thus assessing the reliability and stability of subtypes.

Tumor microenvironment estimation
Single-cell gene set enrichment analysis (ssGSEA), a deconvolution algorithm from GSVA package, was executed for 
quantifying the compositions within the tumor microenvironment (TME), comprising 22 immune cells and two stromal 
components (fibroblasts and endothelial cells). The ssGSEA score denoted the abundance of these TME components. The 
abundance of the TME components was also inferred through TIMER, CIBERSORT, CIBERSORT-ABS, QUANTISEQ, 
MCPCOUNTER, XCELL, together with EPIC methods.

Genetic alteration analysis
The available mutation annotation format files from the TCGA were adopted for the analysis of somatic mutation 
utilizing maftools package[30]. Copy number variations (CNVs) of TCGA HCCs were stratified into three cellular 
senescence subtypes. Significant amplifications or deletions across the whole genome were assessed utilizing GISTIC2.0
[31].

Cellular senescence subtype-relevant gene selection
Genes with differential expression between subtypes were selected with the thresholds of adjusted P < 0.05 together with 
|log2FC| > 0.58. Cellular senescence subtype-relevant genes were determined following the intersection.

https://genomics.senescence.info/cells/
https://genomics.senescence.info/cells/
https://f6publishing.blob.core.windows.net/7fff7628-85b6-472d-8e35-bba9b62e366f/WJGO-15-1567-supplementary-material.zip
https://portal.gdc.cancer.gov/projects/TCGA-LIHC
https://dcc.icgc.org/projects/LIRI-JP/
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520
https://f6publishing.blob.core.windows.net/7fff7628-85b6-472d-8e35-bba9b62e366f/WJGO-15-1567-supplementary-material.zip
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Gene signature establishment
Univariate Cox regression analysis was utilized for picking out cellular-senescence-relevant genes with prognostic 
implication based upon P < 0.05. Through least absolute shrinkage and selection operator (LASSO) algorithm, the best 
gene subset was found out via glmnet package[32]. The cellular senescence-relevant scoring system was defined 
following the formula: RiskScore = Σ(coefficient (β)*Expression β), where β denoted each selected prognostic cellular 
senescence-relevant gene. HCCs were stratified into low- and high-RiskScore groups with the median RiskScore.

Nomogram construction
Uni- and multivariate Cox regression analyses on the cellular-senescence-relevant gene signature and conventional 
clinicopathological variables were executed to select independent prognostic factors in the TCGA-LIHC cohort. A 
nomogram based upon independent factors was generated to predict the probability of overall survival through rms 
package. Decision curve analysis was conducted for validating the nomogram[33].

Therapeutic response prediction
The half-maximal inhibitory concentration (IC50) value of commonly used chemotherapy or targeted therapy drugs was 
inferred utilizing pRRophetic package[34]. Immunotherapy response was inferred by use of Tumor Immune Dysfunction 
and Exclusion (TIDE)[35].

Patients and tissues
Thirty fresh HCC tumors together with adjacent normal tissues were harvested from The Affiliated Bozhou Hospital of 
Anhui Medical University. No patients experienced any preoperative adjuvant treatment. HCC diagnosis was confirmed 
pathologically. Written informed consent was provided by each patient. This project gained the approval of the Ethics 
Committee of The Affiliated Bozhou Hospital of Anhui Medical University (2022-17).

Immunohistochemistry
TRNP1 expression in HCC or normal tissues was tested through fixing tissue sections with 4% paraformaldehyde. The 
sections were sealed utilizing goat serum, followed by incubation with TRNP1 antibody (1:500; ab174303; Abcam, 
Cambridge, MA, USA) along with secondary antibody (1/1000; ab7090). After administration with diaminobenzidine 
tetrahydrochloride, images were acquired under a microscope (Zeiss, Germany).

Immunoblotting
Total protein extraction was analyzed utilizing immunoblotting. Protein content was measured utilizing BCA kit 
(Beyotime, Shanghai, China). Proteins were separated via 12% SDS-PAGE, and transferred onto PVDF membranes that 
were then probed with primary antibody against TRNP1 (1/5000; ab174303; Abcam), p16 (1/500; ab151303), p21 (1/1000; 
ab109199) or GAPDH (1/2500; ab9485) at 4°C overnight, and secondary antibody (1/1000; ab7090) at room temperature 
for 2 h. Proteins were developed using ECL reagent (Beyotime).

Quantitative real-time polymerase chain reaction
RNA extraction was achieved utilizing RNA easy mini kit (Invitrogen, Carlsbad, CA, USA), with cDNA preparation via 
PrimeScript RT Master Mix (Takara, Dalian, China). Quantitative real-time polymerase chain reaction (RT-qPCR) was 
conducted via ChamQ SYBR qPCR Master Mix (Vazyme, Nanjing, China). The relative expression value was estimated 
with 2−ΔΔCt approach as well as normalized to endogenous GAPDH.

Cell culture and transfection
RPMI-1640 medium (Gibco) containing 10% fetal bovine serum (Gibco), and 1% penicillin–streptomycin (Gibco) was 
adopted for culturing SMMC-7721 and HepG2 HCC cells. All cells were maintained in an incubator at 37°C with 5% CO2. 
For transfection, siRNAs of TRNP1 (si-TRNP1) and negative control (si-NC) were acquired from GenePharma. Cell 
transfection was conducted utilizing Lipofectamine 2000 (Thermo Fisher Scientific).

Flow cytometry
Apoptotic rate was tested through flow cytometry utilizing Annexin V–fluorescein isothiocyanate (apoptosis detection kit 
(BD Biosciences). Cells were harvested and the assay was performed. Next, samples were assessed instantly utilizing flow 
cytometry (Beckman Coulter).

SA-β-galactosidase staining
To investigate senescence, 104 cells were seeded onto a six-well plate. After being fixed, they were stained with 
senescence-associated -galactosidase activity (SA-β-gal) (Gibco).

Tumor xenograft
Female BALB/c nude mice (5-wk-old, 16–18 g; Beijing Vital River Laboratory Animal Technology Co. Ltd., China) were 
fed under a 12-h light/dark cycle. They were divided into three groups (n = 5 per group). SMMC-7721 cells (n = 105) with 
si-NC, si-TRNP1#1 or si-TRNP1#2 were inoculated into the armpit. After 36 d, they were killed, with subsequent tumor 
excision. Tumor volume was finally calculated. This experiment gained the approval the Animal Ethics Committee of The 
Affiliated Bozhou Hospital of Anhui Medical University (LLSC20232071).
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Statistical analysis
For between-group comparisons, unpaired Student’s t-test was adopted; Mann–Whitney U test was utilized for variables 
with non-normal distribution. Kaplan–Meier curves were utilized to estimate the overall survival of groups, with log-
rank for testing the difference significance between groups. Survival analysis was executed utilizing survival and 
survminer packages. Receiver operator characteristic curves were plotted to evaluate the prediction efficacy in overall 
survival. Statistical analyses were implemented utilizing R packages and GraphPad Prism software. A two-sided P < 0.05 
indicated statistical significance.

RESULTS
Differentially expressed cellular senescence genes in HCC and biological significance
We identified 146 differentially expressed cellular senescence genes in TCGA HCCs relative to normal tissues with 
adjusted P < 0.01 and |log2FC| > 0.58 (Figure 1A and B; Supplementary Table 3), which might participate in HCC 
initiation or progression. They were linked with metabolic process, cellular senescence, cell cycle, and immunity 
pathways (Figure 1C–F). Their prognostic value was then assessed. Ninety-seven differentially expressed cellular 
senescence genes were significantly linked with HCC prognosis (Table 1).

Classification of HCC patients as three cellular senescence subtypes
Prognostic differentially expressed cellular senescence genes were utilized for probing HCC heterogeneity. Utilizing 
unsupervised clustering, TCGA-LIHC cases were initially assigned to 2–9 clusters. Combining consensus CDF and 
consensus matrix, the optimal number of clusters was generated when k = 3 (Figure 2A–C). Thus, HCCs were classified 
as three cellular senescence subtypes, named C1–3. Prognostic differentially expressed cellular senescence genes 
presented the highest transcript levels in C2, followed by C1 and C3 (Figure 2D). PCA proved the extensive discrepancy 
in transcript levels among three subtypes (Figure 2E). Additionally, we focused on the survival difference, with C2 
having the worst overall survival, C1 the next, and C3 the best (Figure 2F). Based upon up-regulated markers of each 
subtype (Supplementary Table 4), the robustness and reproducibility of cellular senescence subtypes were verified 
utilizing NTP in the ICGC cohort (Figure 2G). The discrepancy in transcript levels and overall survival among subtypes 
was further proven in this cohort (Figure 2H and I).

Responses to immunotherapy and chemotherapy of three cellular senescence subtypes
To elucidate the underlying mechanisms among the three cellular senescence subtypes, the activity of 50 hallmark 
pathways was inferred. Tumorigenic pathways (DNA repair, MYC, PI3K–AKT–mTOR, mTORC1, etc.) exhibited the 
highest activity in C2, with the lowest activity of metabolism pathways (Figure 3A). C3 presented the lowest activity of 
tumorigenic pathways, as well as the highest activity of metabolism pathways. Additionally, it was found that immune 
checkpoints displayed the highest transcript levels in C2, with the highest abundance of immune cells (Figure 3B). 
Immunogenetic indicators were then observed. Aneuploidy score, cancer-testicular antigen score, homologous 
recombination defects, and intratumor heterogeneity displayed the highest levels in C2, followed by C1 and C3 
(Figure 3C–F). TIDE score was utilized to estimate the response to immune checkpoint inhibitors. Among three subtypes, 
C3 presented the lowest TIDE score, indicating that this subtype was most likely to respond to immune checkpoint 
inhibitors (Figure 3G). It was also found that cisplatin, doxorubicin and gemcitabine showed the lowest IC50 values in C2 
subtype (Figure 3H–J). Thus, C2 patients were most likely to benefit from above chemotherapeutic drugs.

Genetic alterations of three cellular senescence subtypes
Overall, somatic mutation rate was the lowest in C2 among three cellular senescence subtypes (Figure 4A–C). 
Additionally, C1 presented the highest copy number amplified and deleted alterations (Figure 4D–I). Altogether, there 
was remarkable heterogeneity in genetic alterations among three cellular senescence subtypes.

Identification of cellular senescence subtype-relevant genes and functional implications
To select cellular senescence subtype-relevant genes, we assessed the genes with differential expression between cellular 
senescence subtypes based upon adjusted P < 0.05 together with |log2FC| > 0.58. After the intersection, 666 cellular 
senescence subtype-relevant genes were eventually acquired (Supplementary Table 5 and Figure 5A). We elucidated the 
underlying functional implications. Consequently, these cellular senescence subtype-relevant genes were remarkably 
linked with cell cycle, DNA replication, oocyte meiosis, homologous recombination, cellular senescence, Fanconi anemia 
pathway, p53 pathway, progesterone-mediated oocyte maturation, mismatch repair, etc (Figure 5B–E).

Definition and external verification of a cellular-senescence-relevant gene signature
To illustrate the relationships of the cellular-senescence-relevant genes and patient survival, univariate Cox regression 
method was adopted. A total of 511 cellular -enescence-relevant genes presented significant correlations to TCGA-LIHC 
prognosis (Supplementary Table 6). These prognostic genes were entered into LASSO analysis (Figure 6A and B). A 19-
gene signature was generated in accordance with the optimal λ value. The cellular senescence-relevant scoring system 
was computed as follows: RiskScore = 0.0610156 * transcript level of SLC1A5 + 0.049731458 * transcript level of G6PD + 
0.038762092 * transcript level of PSRC1 + 0.104396819 * transcript level of UCK2 + 0.004054037 * transcript level of TCOF1 
+ 0.03040522 * transcript level of CCT5 + 0.002669582 * transcript level of DTYMK + 0.053080689 * transcript level of 

https://f6publishing.blob.core.windows.net/7fff7628-85b6-472d-8e35-bba9b62e366f/WJGO-15-1567-supplementary-material.zip
https://f6publishing.blob.core.windows.net/7fff7628-85b6-472d-8e35-bba9b62e366f/WJGO-15-1567-supplementary-material.zip
https://f6publishing.blob.core.windows.net/7fff7628-85b6-472d-8e35-bba9b62e366f/WJGO-15-1567-supplementary-material.zip
https://f6publishing.blob.core.windows.net/7fff7628-85b6-472d-8e35-bba9b62e366f/WJGO-15-1567-supplementary-material.zip
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Table 1 Univariate-cox regression results of prognostic differentially expressed cellular senescence genes with P < 0.05 in TCGA-LIHC 
dataset

Gene HR 95%lower 95%upper P value Gene HR 95%lower 95%upper P value
MCRS1 1.6954 1.2504 2.2988 0.0007 TPR 1.2593 1.0274 1.5436 0.0264

FASTK 1.3714 1.0147 1.8536 0.0399 HDAC1 1.8639 1.4442 2.4055 < 0.0001

AURKA 1.2794 1.1083 1.4770 0.0008 SPOP 1.4186 1.0061 2.0004 0.0461

PTTG1 1.3361 1.1782 1.5151 < 0.0001 BTG3 1.3304 1.0766 1.6440 0.0082

PSMB5 1.8929 1.3286 2.6969 0.0004 IRF5 1.4232 1.1118 1.8217 0.0051

MAP2K2 1.5424 1.1846 2.0083 0.0013 IGFBP3 1.1741 1.0435 1.3210 0.0076

E2F1 1.2175 1.0804 1.3721 0.0012 CDKN2B 1.3951 1.1619 1.6751 0.0004

CDK1 1.3097 1.1553 1.4847 < 0.0001 AAK1 1.3018 1.0160 1.6682 0.0371

GRK6 1.7940 1.3455 2.3920 < 0.0001 ARPC1B 1.3007 1.0918 1.5495 0.0032

EZH2 1.5722 1.3117 1.8845 < 0.0001 LIMK1 1.3450 1.1517 1.5706 0.0002

DPY30 1.9266 1.3785 2.6928 0.0001 SFN 1.1541 1.0714 1.2432 0.0002

CBX8 1.4643 1.1477 1.8684 0.0022 CSNK2A1 1.3825 1.0896 1.7541 0.0077

SMARCA4 1.4396 1.1405 1.8170 0.0022 GLB1 1.4265 1.1097 1.8336 0.0056

CDKN2A 1.1748 1.0571 1.3055 0.0028 MOB3A 1.4527 1.1459 1.8416 0.0020

IRF3 1.4048 1.0834 1.8216 0.0103 BRD7 1.3897 1.0401 1.8567 0.0260

HRAS 1.4678 1.1958 1.8016 0.0002 PRKCD 1.4989 1.2458 1.8035 < 0.0001

ADCK5 1.3095 1.0375 1.6527 0.0232 CDK4 1.4798 1.2301 1.7800 < 0.0001

RUVBL2 1.7508 1.3029 2.3528 0.0002 BLVRA 1.1790 1.0296 1.3500 0.0172

ACLY 1.3734 1.1160 1.6901 0.0027 SENP1 1.5189 1.1628 1.9840 0.0022

TACC3 1.3618 1.1752 1.5780 < 0.0001 BMI1 1.6112 1.2516 2.0742 0.0002

SIRT6 1.6515 1.2586 2.1671 0.0003 DHX9 1.3908 1.1069 1.7477 0.0046

SUPT5H 1.5227 1.1449 2.0252 0.0039 RSL1D1 1.7134 1.2421 2.3634 0.0010

FOXM1 1.2772 1.1287 1.4454 0.0001 PAK4 1.2908 1.0419 1.5990 0.0195

PSMD14 1.9715 1.5043 2.5838 < 0.0001 PDCD10 1.6080 1.2369 2.0903 0.0004

HJURP 1.4529 1.2514 1.6869 < 0.0001 ASF1A 1.7774 1.3749 2.2977 < 0.0001

TRIM28 1.6005 1.2816 1.9988 < 0.0001 PNPT1 1.6790 1.2487 2.2576 0.0006

P3H1 1.9307 1.5257 2.4431 < 0.0001 MAPK12 1.2163 1.0478 1.4119 0.0101

MAGOHB 1.4601 1.0477 2.0346 0.0254 UBTD1 1.3794 1.0584 1.7977 0.0173

RBX1 1.6692 1.2410 2.2451 0.0007 KDM5B 1.3241 1.1029 1.5895 0.0026

MAGOH 1.6449 1.1977 2.2592 0.0021 USP1 1.4478 1.1790 1.7778 0.0004

CENPA 1.4947 1.2958 1.7241 < 0.0001 MAP3K7 1.4740 1.1327 1.9180 0.0039

EWSR1 1.9373 1.3937 2.693 < 0.0001 PKM 1.2079 1.0979 1.3290 0.0001

HSPA5 1.3234 1.0428 1.6796 0.0212 NINJ1 1.4743 1.0929 1.9888 0.0110

CHEK1 1.5484 1.2766 1.8780 < 0.0001 SERPINE1 1.1201 1.0226 1.2269 0.0147

PIAS4 1.4493 1.0683 1.9663 0.0171 BRCA1 1.4378 1.1653 1.7741 0.0007

PRPF19 2.5587 1.7707 3.6974 < 0.0001 DEK 1.2103 1.0125 1.4468 0.0360

MAPKAPK5 2.0718 1.4388 2.9834 < 0.0001 NDRG1 1.2946 1.1412 1.4686 < 0.0001

MAD2L1 1.4390 1.2065 1.7164 < 0.0001 SRC 1.2011 1.0507 1.3730 0.0073

TFAP4 1.9651 1.4205 2.7184 < 0.0001 ASPH 1.2007 1.0488 1.3746 0.0081

G6PD 1.3897 1.2500 1.5450 < 0.0001 STK32C 1.5149 1.2235 1.8759 0.0001
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GAPDH 1.5984 1.2892 1.9818 < 0.0001 CDK2AP1 1.2327 1.0010 1.5181 0.0490

SMARCB1 1.4393 1.1297 1.8336 0.0032 KDM4A 1.3363 1.0476 1.7045 0.0196

LEO1 1.4005 1.0359 1.8934 0.0286 MMP9 1.1360 1.0384 1.2428 0.0054

TXN 1.3040 1.0667 1.5941 0.0096 HK3 1.2356 1.0293 1.4832 0.0232

HDAC4 1.5029 1.1470 1.9692 0.0031 VEGFA 1.2906 1.0657 1.5630 0.0090

FXR1 1.6935 1.2509 2.2927 0.0007 LGALS3 1.2041 1.0826 1.3392 0.0006

RAD21 1.3480 1.0928 1.6629 0.0053 AR 0.8662 0.7749 0.9682 0.0115

SRSF1 1.7610 1.2427 2.4955 0.0015 BAG3 1.2740 1.0326 1.5718 0.0238

NEIL3 + 0.031271078 * transcript level of TRNP1 + (-0.037524429) * transcript level of ADH4 + 0.018409162 * transcript 
level of HMMR + 0.001793118 * transcript level of SMG5 + (-0.016621762) * transcript level of CLEC3B + 0.083327624 * 
transcript level of PLOD2 + 0.035535231 * transcript level of SPP1 + (-0.023169364) * transcript level of CFHR3 + 
0.020042596 * transcript level of TMEM106C + (-0.019959706) * transcript level of ANXA10 + (-0.039577478) * transcript 
level of LCAT. Based upon the median RiskScore, TCGA-LIHC cases were classified as low- and high-RiskScore groups 
(Figure 6C). Expression levels of these selected genes exhibited the notable differences between groups. Next, K-M curves 
illustrated that high-RiskScore patients’ overall survival was worse (Figure 6D). AUCs at 1-, 3- and 5-year survival all 
exceeded 0.75, demonstrating the excellent discrimination power of the gene signature (Figure 6E).

The ICGC and GSE14520 datasets were utilized to externally verify this signature. The current study stratified HCCs 
into low- and high-RiskScore groups based upon the median RiskScore in the ICGC dataset (Figure 6F). Overall survival 
rate of high-RiskScore group was prominently lower (Figure 6G). AUCs at 1- and 3-year survival were > 0.75 (Figure 6H). 
Above data proved the high reproducibility of the signature. The similar findings were also confirmed in the GSE14520 
dataset (Figure 6I–K).

Generation of a prognostic nomogram for clinical practice
Univariate and multivariate Cox regression analyses were executed to select the independent prognostic parameters for 
HCCs. It was found that stage and the cellular-senescence-relevant RiskScore acted as independent risk factors of HCC 
prognosis (Figure 7A and B). As a visual representation of the prognostic model, a nomogram containing stage, and 
RiskScore was built to illustrate HCC patients’ survival more intuitively. The nomogram showed that RiskScore had the 
highest influence on 1-, 3- and 5-year survival of HCC patients, followed by stage (Figure 7C). Decision curve analysis 
demonstrated that the nomogram can accurately predict 1-, 3- and 5-year clinical outcomes (Figure 7D–F).

Assessment of the cellular-senescence-relevant gene signature in predicting efficacy of pharmacological 
interventions
The IC50 of some chemotherapy or targeted therapy agents was estimated in TCGA-LIHC dataset. High-RiskScore HCCs 
presented the notably lower IC50 of cisplatin, doxorubicin, and gemcitabine relative to those with low RiskScore 
(Figure 8A–C). However, no significant difference in the IC50 of sorafenib was found between the two groups (Figure 8D). 
Accordingly, high-RiskScore HCCs more possibly responded to cisplatin, doxorubicin or gemcitabine chemotherapy.

Some reliable computational approaches were adopted to infer the abundance of the TME elements across TCGA-
LIHC samples. Overall, most immune cells exhibited the higher infiltration in high-risk HCCs (Figure 8E). The TIDE 
method was used to predict immunotherapy response. We did not observe any difference in carcinoma-associated 
fibroblasts between the groups (Figure 8F). Lower myeloid-derived suppressor cells, interferon gamma, exclusion score 
and TIDE score as well as higher dysfunction score were found in low-RiskScore HCCs (Figure 8G–K). This indicated that 
low-RiskScore HCCs more possibly benefited from immunotherapy.

Experimental verification of expression of TRNP1 in HCC
Among the genes in the cellular-senescence-relevant gene signature, the role of TRNP1 in HCC remains unclear. 
Therefore, we focused on TRNP1. It was proven that TRNP1 presented remarkable upregulation in HCCs relative to 
normal tissues in accordance with immunohistochemistry (Figure 9A and B), immunoblotting (Figure 9C and D) and RT-
qPCR (Figure E). Specific siRNAs of TRNP1 were transfected into SMMC-7721 and HepG2 cells. Immunoblotting 
demonstrated the notable decrease in TRNP1 expression induced by siRNAs (Figure 9F–9H).

Suppression of TRNP1 induces apoptosis and senescence of HCC cells and attenuates tumor growth
Based upon flow cytometry, apoptotic rate of SMMC-7721 and HepG2 cells was prominently elevated by TRNP1 
knockdown (Figure 10A–C). SA-β-Gal staining showed that TRNP1 knockdown notably induced cellular senescence of 
two HCC cells (Figure 10D–F). Additionally, two cellular senescence markers: p16 and p21 were overexpressed in HCC 
cells with TRNP1 knockdown (Figure 10G–K), further proving the role of TRNP1 in HCC senescence. In vivo tumori-
genicity models were also developed for evaluating whether TRNP1 influenced tumor growth. As a result, TRNP1 
knockdown was found to decrease in vivo tumor volume (Figure 10L and M).
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Figure 1 Differentially expressed cellular senescence genes in hepatocellular carcinoma and biological significance. A: Volcano diagram of 
the abnormal expression of cellular senescence genes in hepatocellular carcinoma (HCC) relative to normal liver tissues in the TCGA-LIHC dataset. Blue dots denote 
differentially expressed cellular senescence genes, with grey dots for the not differentially expressed genes; B: Heatmap of the transcript levels of differentially 
expressed cellular senescence genes in HCC and normal liver tissues; C–E: Bubble diagrams of the top 10 biological process, cellular component, molecular function 
terms enriched by differentially expressed genes. The bubble size indicates the count of genes enriched. The closer the color is to red, the smaller the adjusted p; F: 
Circle graph of the Kyoto Encyclopedia of Genes and Genomes pathways enriched by differentially expressed genes.

DISCUSSION
Cellular senescence is a permanent state of cell cycle arrest occurring in proliferating cells when face distinct stresses[36]. 
In cancers, senescence is usually an effective barrier against tumorigenesis because it prevents the division potential of 
cells[37]. Nonetheless, numerous research has demonstrated that senescent cells also have tumorigenic properties[38]. 
Thus, it is of significance to characterize key features of cellular senescence in HCC.

HCC is a typically fatal malignant tumor displaying genetic heterogeneity and limited therapy responses[39]. Based 
upon prognostic differentially expressed cellular senescence genes, we classified HCCs as three cellular senescence 
subtypes: C1–C3. The robustness and reproducibility of this classification were externally proven. C2 had the worst 
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Figure 2 Classification of TCGA-LIHC patients as three cellular senescence subtypes and external dataset validation. A–C: Consensus 
cumulative distribution function (CDF), relative alteration in area under CDF curve, and consensus matrix k = 3 based upon the transcriptome of prognostic 
differentially expressed cellular senescence genes across TCGA-LIHC patients; D: The transcript levels of differentially expressed cellular senescence genes with 
prognostic implications across three subtypes; E: Principal component analysis (PCA) plots of the discrepancy in transcript levels among subtypes; F: Kaplan–Meier 
(K-M) curves of overall survival in TCGA-LIHC; G: Nearest template prediction for verifying the subtypes in the International Cancer Genome Consortium (ICGC) 
cohort; H and I: PCA plots of the transcriptome difference and K-M curves of overall survival among subtypes in the ICGC cohort.

overall survival, C1 the next, and C3 the best, revealing the heterogeneity in prognostic outcomes among subtypes. 
Single-agent anti-PD-1 immune checkpoint blockade showed ponent efficacy in early-phase trials, but the findings were 
not confirmed in phase III studies[40]. In accordance with the lowest TIDE score, and immunogenetic indicators, C3 
HCCs might possibly respond to immunotherapy. Additionally, C2 HCCs were most likely to benefit from 
chemotherapy. Thus, this classification might assist clinical decision-making. Genetic mutations associate with HCC 
initiation and progression[41-43]. For instance, mutant TP53 is the most frequent in HCC, affecting patient survival, and 
immune response[44]. CTNNB1 mutation occupies a large proportion of human HCCs, which correlates to high TMB and 
AFP in HCCs[45]. Among three cellular senescence subtypes, C2 presented the lowest somatic mutation rate, while C1 
had the highest frequent CNVs. Accordingly, cellular senescence subtypes appear to associate with genetic mutations.

We defined a novel cellular-senescence-relevant gene signature comprising SLC1A5, G6PD, PSRC1, UCK2, TCOF1, 
CCT5, DTYMK, NEIL3, TRNP1, ADH4, HMMR, SMG5, CLEC3B, PLOD2, SPP1, CFHR3, TMEM106C, ANXA10, and 
LCAT, with the excellent power in survival prediction in HCCs. Previous research has proven the biological implications 
of the cellular-senescence-relevant genes in HCC. For example, SLC1A5 regulated by DDR1 contributes to HCC 
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Figure 3 Immunogenomic landscape of three cellular senescence subtypes across TCGA-LIHC. A: The activity of 50 hallmark pathways in three 
subtypes; B: Abundance of the tumor microenvironment components, transcript levels of immune checkpoints, and stromal and immune scores across subtypes; 
C–F: Differences in aneuploidy score, cancer-testicular antigen score, homologous recombination defects, and intratumor heterogeneity between subtypes; G: 
Difference in TIDE score between subtypes; H–J: Differences in IC50 values of cisplatin, doxorubicin and gemcitabine between subtypes. aP < 0.05; bP < 0.01; cP < 
0.001. NS: Not significant; TIDE: Tumor Immune Dysfunction and Exclusion.

progression[46]. G6PD weakens ferroptosis in HCC through targeting cytochrome P450 oxidoreductase[47]. PSRC1, a 
hypoxia- and immune-associated gene, associates with HCC survival[48]. The nonmetabolic role of UCK2 facilitates HCC 
metastasis via EGFR–AKT signaling activation[49]. TCOF1 coordinates oncogenic activation and rRNA generation as well 
as results in HCC initiation[50]. Clinical features of HCC patients are notably associated with survival outcomes. To 
better optimize the cellular-senescence-relevant gene signature and improve the prediction accuracy, we incorporated 
stage in combination with the cellular-senescence-relevant gene signature to build a nomogram that enabled us to 
generate the individual survival probability in HCC patients. High-RiskScore HCCs might respond to cisplatin, 
doxorubicin or gemcitabine, while low-RiskScore HCCs more possibly benefit from immunotherapy, proving the 
potential of the cellular-senescence-relevant gene signature in inferring therapeutic efficacy. Among the cellular-
senescence-relevant genes, the expression and role of TRNP1 in HCC remain indistinct. Only bioinformatics evidence 
demonstrated the prognostic significance of TRNP1 in HCC[51]. Our study experimentally proved that TRNP1 was 
upregulated in HCC, and TRNP1 knockdown induced apoptosis and senescence of HCC cells and attenuated tumor 
growth. Thus, TRNP1 potentially participates in HCC senescence and progression, which might be a promising 
therapeutic target.
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Figure 4 Genetic alterations of three cellular senescence subtypes. A–C: Significant mutated genes in The Cancer Genome Atlas hepatocellular 
carcinomas stratified by cellular senescence subtypes; D–F: Copy number amplification plots in three subtypes. The green line denotes the significance threshold (q = 
0.25); G–I: Copy number deletion plots in three subtypes.
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Figure 5 Identification of cellular senescence subtype-relevant genes and functional implications. A: Venn diagram of the intersected genes from 
differentially expressed genes between cellular senescence subtypes in TCGA-LIHC cohort; B–D: The top 10 biological processes, cellular components, together with 
molecular functions of cellular senescence subtype-relevant genes; E: Kyoto Encyclopedia of Genes and Genomes pathways significantly enriched by these genes.
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Our study had some limitations. Due to the lack of HCC patients who received neoadjuvant immunotherapy, the 
relationship between cellular senescence subtypes and relevant gene signature with immunotherapeutic response 
requires further verification in the immunotherapy cohorts. Despite the external verification in the ICGC dataset, the 
predictive efficacy of cellular senescence-relevant gene signature needs to be proven in prospective cohorts.

CONCLUSION
Our findings showed the importance of cellular senescence in HCC classification and pharmacological interventions for 
clinical management. Additionally, we defined a cellular-senescence-relevant scoring system that can infer patient 
survival and therapeutic efficacy. Considering the clinically relevant parameters were closely linked with HCC survival, 
we incorporated stage in combination with the cellular-senescence-relevant gene signature to build a nomogram. Our 
integrated analysis provides a valuable framework for comprehending cellular senescence in HCC, which sheds light on 
the senescence-associated biomarker discovery as well as therapeutic targets.
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Figure 6 Definition and external verification of a cellular-senescence-relevant gene signature. A: Cross-validation for tuning the parameter 
selection in the least absolute shrinkage and selection operator (LASSO) analysis in TCGA-LIHC dataset; B: LASSO coefficient profiling; C: Distribution of RiskScore, 
survival status, and transcript levels of genes in the signature; D: Kaplan–Meier (curves of overall survival in low- and high-RiskScore hepatocellular carcinomas; E: 
Receiver operator characteristic curves (ROCs) at 1-, 3- and 5-year survival; F: External verification of distribution of RiskScore, survival status, and transcript levels 
of genes in the International Cancer Genome Consortium (ICGC) dataset; G: Kaplan–Meier curves of overall survival in two groups in the ICGC dataset; H: ROCs at 
1- and 3-year survival based upon RiskScore in the ICGC dataset; I: External validation of distribution of RiskScore, survival status, and transcript levels of genes in 
the GSE14520 dataset; J: Kaplan–Meier curves of overall survival in two groups in the GSE14520 dataset; K: ROCs at 1- and 3-year survival in the GSE14520 
dataset.
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Figure 7 Establishment of a prognostic nomogram for clinical practice in the TCGA-LIHC dataset. A: Univariate-cox regression results of the 
cellular-senescence-relevant gene signature and conventional clinicopathological parameters with hepatocellular carcinoma prognosis; B: Multivariate Cox regression 
for selecting independent prognostic parameters; C: Generation of a nomogram based on stage and the cellular senescence-relevant RiskScore; D–F: Decision curve 
analysis at 1-, 1-, and 5-year survival.
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Figure 8 Assessment of the cellular senescence-relevant gene signature in predicting efficacy of pharmacological interventions in TCGA-
LIHC dataset. A–D: IC50 value of cisplatin, doxorubicin, gemcitabine, and sorafenib in low- and high-RiskScore hepatocellular carcinomas (HCCs); E: Abundance of 
the tumor microenvironment components inferred by multiple algorithms; F–K: Comparison of carcinoma-associated fibroblast (CAF), myeloid-derived suppressor cell 
(MDSC), interferon gamma (IFNG), dysfunction score, exclusion score and Tumor Immune Dysfunction and Exclusion levels in low- and high-RiskScore HCCs. cP < 
0.001. ns: No significant difference.
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Figure 9 Experimental verification of expression of TRNP1 in hepatocellular carcinomas. A and B: Representative immunohistochemistry of TRNP1 
expression in human hepatocellular carcinomas (HCCs) and normal tissues. Bar, 50 μm; C and D: Representative immunoblotting of TRNP1 expression in human 
HCCs and normal tissues; E: Quantitative real-time polymerase chain reaction of TRNP1 expression in 30 pairs of human HCCs and normal tissues; F–H: 
Immunoblotting of TRNP1 expression in SMMC-7721 and HepG2 cells transfected with specific siRNAs of TRNP1. cP < 0.001; dP < 0.0001.
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Figure 10  Suppression of TRNP1 induces apoptosis and senescence of hepatocellular carcinoma cells and attenuates tumor growth. 
A–C: Flow cytometry for measuring the apoptotic rate of in SMMC-7721 and HepG2 cells with transfection of specific siRNAs of TRNP1; D-F: SA-β-galactosidase 
(SA-β-Gal) staining for evaluating senescence of transfected hepatocellular carcinoma cells. Bar, 10 μm; G–K: Immunoblotting of p16 and p21 expression in 
transfected cells; L: Representative photographs of tumors from mice of si-NC, si-TRNP1#1 and si-TRNP1#2 groups; M: Calculation of tumor volume in above 
groups. cP < 0.001; dP < 0.0001.

ARTICLE HIGHLIGHTS
Research background
Cellular senescence, a state of stable growth arrest, is intertwined with human cancers. Due to the highly heterogeneous 
malignancy at the molecular and histological levels, characterization of cellular-senescence-based classification might 
facilitate the personalized treatment of hepatocellular carcinoma (HCC).

Research motivation
Nonetheless, the heterogeneity of cellular-senescence-related features makes the definition and targeting of treatment-
induced senescent cells challenging.

Research objectives
This study aimed to characterize cellular-senescence-based phenotypes in HCC, and identify a novel cellular-senescence-
related therapeutic target.

Research methods
We enrolled two HCC datasets, TCGA-LIHC and International Cancer Genome Consortium (ICGC). Unsupervised 
clustering was executed to probe tumor heterogeneity based upon cellular senescence genes. Least absolute shrinkage 
and selection operator algorithm was utilized to define a cellular-senescence-relevant scoring system. TRNP1 expression 
was measured in HCCs and normal tissues through immunohistochemistry, immunoblotting and quantitative real-time 
polymerase chain reaction. The influence of TRNP1 on HCC senescence and growth was proven via a series of 
experiments.

Research results
TCGA-LIHC patients were classified as three cellular senescence subtypes, named C1–3. The robustness and reprodu-
cibility of these subtypes were proven in the ICGC cohort. C2 had the worst overall survival, C1 the next, and C3 the best. 
C2 presented the highest levels of immune checkpoints, abundance of immune cells, and immunogenetic indicators. 
Thus, C2 might respond to immunotherapy. C2 had the lowest somatic mutation rate, while C1 presented the highest 
copy number variations. A cellular-senescence-relevant gene signature was generated, which can predict patient survival, 
and chemo- or immunotherapeutic response. Experimentally, it was proven that TRNP1 presented with remarkable 
upregulation in HCCs. TRNP1 knockdown induced apoptosis and senescence of HCC cells and attenuated tumor growth.

Research conclusions
These findings provide a systematic framework for assessing cellular senescence in HCC, which decode the tumor hetero-
geneity and tailor the pharmacological interventions to improve clinical management.

Research perspectives
Cellular senescence, a state of stable growth arrest, is implicated in human cancers. Nevertheless, characterization of 
cellular-senescence-associated phenotypes in HCC is still indistinct. Here, we proposed a novel cellular-senescence-based 
classification for HCC and identified TRNP1 as a novel therapeutic target.
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Abstract
BACKGROUND 
Hepatic arterioportal fistulas (APFs) are common in hepatocellular carcinoma 
(HCC). Moreover, correlated with poor prognosis, APFs often complicate anti-
tumor treatments, including transarterial chemoembolization (TACE).

AIM 
To compare the efficacy of ethanol-soaked gelatin sponges (ESG) and micro-
spheres in the management of APFs and their impact on the prognosis of HCC.

METHODS 
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Data from patients diagnosed with HCC or hepatic APFs between June 2016 and December 2019 were 
retrospectively analyzed. Furthermore, APFs were embolized with ESG (group E) or microspheres (group M) 
during TACE. The primary outcomes were disease control rate (DCR) and objective response rate (ORR). The 
secondary outcomes included immediate and first follow-up APF improvement, overall survival (OS), and 
progression-free survival (PFS).

RESULTS 
Altogether, 91 participants were enrolled in the study, comprising 46 in group E and 45 in group M. The DCR was 
93.5% and 91.1% in groups E and M, respectively (P = 0.714). The ORRs were 91.3% and 66.7% in groups E and M, 
respectively (P = 0.004). The APFs improved immediately after the procedure in 43 (93.5%) patients in group E and 
40 (88.9%) patients in group M (P = 0.485). After 2 mo, APF improvement was achieved in 37 (80.4%) and 33 
(73.3%) participants in groups E and M, respectively (P = 0.421). The OS was 26.2 ± 1.4 and 20.6 ± 1.1 mo in groups 
E and M, respectively (P = 0.004), whereas the PFS was 16.6 ± 1.0 and 13.8 ± 0.7 mo in groups E and M, respectively 
(P = 0.012).

CONCLUSION 
Compared with microspheres, ESG embolization demonstrated a higher ORR and longer OS and PFS in patients of 
HCC with hepatic APFs.

Key Words: Hepatocellular carcinoma; Arterioportal fistula; Ethanol; Gelatin sponge; Microsphere; Embolization

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

Core Tip: Hepatocellular carcinoma (HCC) was considered the seventh most common cancer and the second leading cause of 
cancer-related deaths worldwide in 2020. Hepatic arterioportal fistulas (APFs) are common in HCC and often complicate 
anti-tumor treatments, including transarterial chemoembolization. The ethanol-soaked gelatin sponge combined the 
advantages of alcohol and gelatin sponges, contributed to better local control of hepatic APFs, and improved the survival of 
patients with HCC.

Citation: Yuan GS, Zhang LL, Chen ZT, Zhang CJ, Tian SH, Gong MX, Wang P, Guo L, Shao N, Liu B. Comparison of ethanol-
soaked gelatin sponge and microspheres for hepatic arterioportal fistulas embolization in hepatic cellular carcinoma. World J 
Gastrointest Oncol 2023; 15(9): 1595-1604
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1595.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1595

INTRODUCTION
Hepatocellular carcinoma (HCC) was the seventh most common cancer and the second leading cause of cancer-related 
deaths worldwide in 2020, with 905677 new cases and 830180 deaths recorded annually[1]. Hepatic arterioportal fistulas 
(APFs), defined as fistulas between the hepatic artery and the neighboring portal vein[2,3], are common in HCC owing to 
tumor infiltration, vascular damage[4], or remodeling of the cirrhotic parenchyma.

Hepatic APFs may cause portal hypertension, ascites, and varices[5], which are strongly associated with poor 
prognosis[6]. The presence of hepatic APFs often complicates anti-tumor treatments, including transarterial chemoembol-
ization (TACE). Chemotherapeutic agents and embolic materials run off through the fistulas, and tumor cells may detach 
from the hepatic artery, resulting in portal vein thrombosis[7].

Many materials have been used to treat hepatic APFs, including gelatin sponges[8], microspheres[9], coils[10], 
histoacryl[10], absolute ethanol[10], polyvinyl alcohol particles[10], and ethanol-soaked gelatin sponges (ESG)[11,12]. 
Additionally, ESG combines the advantages of alcohol and gelatin sponges and provides convincing results at different 
APF stages[12]. However, to the best of our knowledge, no study has compared the efficacies of ESG and microspheres. 
We conducted a retrospective study to evaluate the efficacy of ESGs and microspheres for the treatment of HCC with 
hepatic APF.

MATERIALS AND METHODS
Patients with HCC and hepatic APF treated with TACE and ESG (group E) or microspheres (group M) were enrolled 
between June 2016 and December 2019. The study protocol was approved by the ethics committee of the leading center. 
The requirement for written informed consent was waived owing to the retrospective nature of the study. All the 
experiments were performed in compliance with the Ethical Principles for Medical Research Involving Human Subjects 
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outlined in the 1975 Declaration of Helsinki (revised in 2000).
The inclusion criteria were as follows: (1) Confirmed diagnosis of HCC based on the American Association for the 

Study of Liver Diseases practice guidelines[13]; (2) Hypervascular tumor with Barcelona Clinic Liver Cancer (BCLC) 
Staging A-C; (3) Hepatic APF confirmed by angiography; (4) Predicted life span ≥ 1 year; and (5) Karnofsky score > 70.

The exclusion criteria were as follows: (1) Other malignancies within 5 years; (2) Child-Pugh score ≤ 10; and (3) Severe 
coagulopathy (prothrombin time > 17 s and/or platelet count ≤ 60 × 109/L).

Treatment of APF
For group E, an appropriate-sized gelatin sponge (Alicon Inc., Hangzhou, China) was mixed with 10 mL of iodixanol 
(Hengrui Co. Ltd, Lianyungang, China) and 10 mL of ethanol (Lingfeng Inc, Shanghai, China). For group M, appropriate-
sized microspheres (Embosphere, Merit Medical, UT, United States) were mixed with 10 mL of iodixanol. Digital 
subtraction angiography (DSA) was performed after catheterization of the celiac or superior mesenteric artery to validate 
the location and size of the hepatic APFs (Figure 1). APFs were classified according to a previous study by Zhou et al[12] 
(Table 1). Each APF feeding artery was superselected using a 2.7-F microcatheter. ESG or the microspheres were injected 
under fluoroscopic guidance until the fistula was blocked. Coils were used if the fistula was not completely blocked. DSA 
was repeated to confirm the complete embolization of the APFs (Figure 2).

TACE procedure
After APF embolization, a microcatheter was advanced into each feeding artery of the HCC. An emulsion of poppy 
Lipiodol (Hengrui Co. Ltd., Lianyungang, China) and epirubicin (Qilu Co. Ltd., Jinan, China) was injected via a 
microcatheter until complete embolization of the tumor was achieved (Figure 3)[14].

Follow-up
Follow-up was conducted every 2 mo and included standard blood count, liver functional tests, alpha-fetoprotein (AFP), 
and abdominal contrast-enhanced computed tomography (CECT) or magnetic resonance imaging (MRI). The images 
were interpreted based on the consensus of three skilled interventional radiologists.

In case the tumor recurrence was detected on CECT or MRI, TACE was repeated. If APF recurrence with a grade ≥ 2 
was observed, ESG or microsphere APF embolization was repeated; however, if APFs did not recur, TACE was the only 
procedure performed. Follow-up intervention was determined based on the tumor condition and general status.

Outcome measures
The modified Response Evaluation Criteria in Solid Tumors for HCC[15] were applied to assess tumor response after 4 
mo. The primary outcomes were disease control rate (DCR) and objective response rate (ORR), and the secondary 
outcomes included immediate and first-time follow-up of APF improvement, overall survival (OS), and progression-free 
survival (PFS).

Immediate APF improvement was defined as a decrease in grade to 1 or 0. First-time follow-up APF improvement was 
defined as a decrease in at least two grades confirmed by angiography in the second session, whereas APF progression 
was defined as an increased grade on the first-time follow-up angiography. If the grade remained the same or decreased 
by one, the APFs were not considered to improve. Moreover, OS was defined as the time interval between the initial 
TACE and death or the last follow-up. Furthermore, PFS was defined as the time interval between initial TACE and 
disease progression or death.

Statistical analysis
Continuous variables were analyzed using Student’s t-test to determine whether the variables were normally distributed; 
otherwise, the Mann–Whitney U test was used. Categorical variables were analyzed using the χ2 or Fisher’s exact tests.

Survival curves were calculated using the Kaplan-Meier method and compared using the log-rank test. Statistical 
significance was defined as a two-tailed P < 0.05. All statistical analyses were conducted using the SPSS software (version 
24.0; IBM Inc., Armonk, NY, United States).

RESULTS
Participant characteristics
A consecutive series of 91 patients were enrolled in the study. During TACE, APFs were embolized using ESG in 46 
participants and microspheres in 45 participants. The ratios of men to women were 33/13 in group E and 33/12 in group 
M (χ2 = 0.029, P = 0.865), with a mean age of 63.4 ± 8.5 and 58.4 ± 10.1 years (P = 0.092), respectively. The etiologies 
included hepatitis B virus (HBV) (38/46, 82.6% in group E; 39/45, 86.7% in group M), hepatitis C (4/46, 8.7% in group E; 
and 2/45, 4.4% in group M), HBV + hepatitis C virus (2/46, 4.3% in group E; 2/45, 4.4% in group M), and alcohol 
consumption (2/46, 4.3% in group E; 2/45, 4.4% in group M) (P = 0.952). No significant differences in the Child-Pugh 
stage, BCLC stage, or tumor location were observed between the two groups. The mean tumor diameters were 6.8 ± 2.9 
mm and 7.1 ± 1.6 mm in groups E and M (P = 0.765), respectively. Portal vein thrombi were identified in 24 participants 
(24/46, 52.2%) in group E and 22 participants (22/45, 48.9%) in group M (χ2 = 0.098, P = 0.754), respectively. The 
treatments administered before TACE included surgery, microwave ablation (MWA), radiofrequency ablation (RFA), 
TACE, radiation, and TACE + MWA/RFA. We observed no significant differences in previous treatments between the 
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Table 1 Grading of arterioportal fistula

Grade Definition Class

0 APFs were not observed -

1 APFs flow to the subsegmental portal branch Mild

2 APFs flow to the segmental portal branch Moderate

3 APFs flow into the main portal branch of the ipsilateral lobe Moderate

4 APFs flow into the main portal branch of the contralateral lobe and/or the main portal vein Severe

5 APFs flow into the main portal vein presenting with hepatofugal portal venous flow Severe

APF: Arterioportal fistula.

Figure 1 Digital subtraction angiography of the tumor and shunt. A: Angiography of the celiac artery shows liver tumor staining (orange arrow) in 
segment Ⅵ; B: Angiography of the proper hepatic artery shows hepatic arterioportal shunt. The orange arrow indicates the branch of the portal vein; C: The feeding 
artery (orange arrow) of the shunt is super-selected with a microcatheter; D: Angiography with the microcatheter shows the branches of the portal vein (orange 
arrow).

two groups (P = 0.925). The median levels of AFP were 137 [interquartile range (IQR): 9.8, 970.1] and 114.9 (IQR: 3.7, 
725.7) ng/mL in groups E and M, respectively (P = 0.734). APF grades 1, 2, 3, 4, and 5 were recorded in 5 (5/46, 10.9%) 
and 6 (6/45, 13.3%); 15 (15/46, 32.6%) and 16 (16/45, 35.6%); 11 (11/46, 23.9%) and 14 (14/45, 31.1%); 9 (9/46, 19.6%), and 
7 (7/45, 15.6%); and 6 (6/46, 13%) and 2 (2/45, 4.4%) participants in groups E and M, respectively (P = 0.636) (Table 2).

The mean follow-up period was 35.3 ± 2.7 mo in group E and 30.9 ± 3.8 mo in group M (P = 0.195). After 4 mo, 
complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD) were achieved in 18 (18/
46, 39.1%) and 8 (8/45, 17.8%) patients; 21 (21/46, 45.7%) and 18 (18/45, 40%) patients; 4 (4/46, 8.7%) and 15 (15/45, 
33.3%) patients; and 3 (3/46, 6.5%) and 4 (4/45, 8.9%) participants in groups E and M, respectively (P = 0.014). The DCR 
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Table 2 Demographic and baseline characteristics

Characteristics E group (n = 46) M group (n = 45) χ2 P value

Sex, n (%) 0.029 0.865

    Male 33 (71.7) 33 (73.3)

    Female 13 (28.3) 12 (26.7)

Age (yr) 63.4 ± 8.5 58.4 ± 10.1 - 0.092

Etiology, n (%) 0.909 0.952

    HBV 38 (82.7) 39 (86.8)

    HCV 4 (8.7) 2 (4.4)

    HBV + HCV 2 (4.3) 2 (4.4)

    Alcohol 2 (4.3) 2 (4.4)

Child-Pugh stage, n (%) 0.297 0.586

    A 25 (54.3) 27 (60)

    B 21 (45.7) 18 (40)

BCLC stage, n (%) 0.271 0.873

    A 7 (15.2) 6 (13.3)

    B 19 (41.3) 21 (45.7)

    C 20 (43.5) 18 (40)

Tumor location 0.837 0.658

    Right lobe 30 (65.2) 28 (62.2)

    Left lobe 9 (19.6) 10 (22.2)

    Right and left lobes 7 (15.2) 7.1 ± 1.6

Mean tumor diameter (cm) 6.8 ± 2.9 - 0.765

Portal vein thrombus 0.098 0.754

    Present 24 (52.2) 22 (48.9)

    Absent 22 (47.8) 23 (51.1)

Previous treatment 1.639 0.925

    Surgery 7 (15.2) 6 (13.3)

    MWA/RFA 9 (19.6) 7 (15.6)

    TACE 4 (8.7) 5 (11.1)

    Radiation 4 (8.7) 6 (13.3)

    TACE + MWA/RFA 2 (4.3) 3 (6.7)

    None 20 (43.5) 18 (40)

AFP [ng/mL, median (IQR)] 137 (9.8, 970.1) 114.9 (3.7, 725.7) - 0.734

APF grade, n (%) 2.689 0.636

    1 5 (10.9) 6 (13.3)

    2 15 (32.6) 16 (35.6)

    3 11 (23.9) 14 (31.1)

    4 9 (19.6) 7 (15.6)

    5 6 (13) 2 (4.4)

HCV: Hepatitis C virus; BCLC: Barcelona Clinic Liver Cancer; MWA: Microwave ablation; RFA: Radiofrequency ablation; TACE: Transcatheter arterial 
chemoembolization; AFP: Alpha-fetoprotein; IQR: Interquartile range; APFs: Arterioportal fistulas.
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Figure 2 Repeated angiography confirmed completed embolization of the shunt.

Figure 3 Angiography performed to confirm complete embolization of the tumor.

was 93.5% (43/46) in group E and 91.1% (41/45) in group M (P = 0.714). The ORRs were 91.3% (42/46) and 66.7% (30/45) 
in groups E and M, respectively (P = 0.004).

The APFs immediately improved after the procedure in 43 (43/46, 93.5%) and 40 (40/45, 88.9%) participants in groups 
E and M, respectively (P = 0.485). After 2 mo, APF improvement was achieved in 37 (37/46, 80.4%) and 33 (33/45, 73.3%) 
participants in groups E and M, respectively (P = 0.421). The median AFP levels at 4 mo after the procedure were 28.48 
(IQR: 4, 257.9) and 45.25 (IQR: 4.43, 359.5) ng/mL in groups E and M, respectively (P = 0.045). After 4 mo, the difference 
in Child-Pugh class distribution between the two groups was not significant (P = 0.083) (Table 3).

The OS was 26.2 ± 1.4 and 20.6 ± 1.1 mo in groups E and M, respectively (χ2 = 10.3, P = 0.004; Figure 4A) (Table 3). The 
PFS was 16.6 ± 1.0 and 13.8 ± 0.7 mo in groups E and M, respectively (P = 0.012; Figure 4B) (Table 3).

DISCUSSION
According to the updated BCLC prognosis and treatment strategy[16], TACE is recommended for intermediate-stage B 
HCC. With its tendency to infiltrate the portal and hepatic venous structures, HCC is often accompanied by APFs, which 
may reduce the therapeutic benefits of TACE[7]. Our study focused on comparing ESG and microspheres for the 
treatment of hepatic APFs. The DCRs were 93.5% (43/46) in group E and 91.1% (41/45) in group M (P = 0.714). The ORRs 
were 91.3% and 66.7% in groups E and M, respectively (P = 0.004). The OS was 26.2 ± 1.4 and 20.6 ± 1.1 mo in groups E 
and M, respectively (P = 0.004). The PFS was 16.6 ± 1.0 and 13.8 ± 0.7 mo in groups E and M, respectively (P = 0.012; 
Figure 4B) (Table 3).
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Table 3 Outcome characteristics

Characteristics E group (n = 46) M group (n = 45) χ2 P value

Tumor response after four months (%) 10.578 0.014

CR 18 (39.1) 8 (17.8)

    PR 21 (45.7) 18 (40)

    SD 4 (8.7) 15 (33.3)

    PD 3 (6.5) 4 (8.9)

DCR 43 (93.5) 41 (91.1) 0.714

ORR 42 (91.3) 30 (66.7) 8.358 0.004

Immediate improvement of APF (%) - 0.485

    Yes 43 (93.5) 40 (88.9) -

    No 3 (6.5) 5 (11.1)

First-time follow-up APF improvement (%) 0.646 0.421

    Improved 37 (80.4) 33 (73.3)

    Not improved 9 (19.6) 12 (26.7)

AFP after 4 mo [ng/mL, median (IQR)] 28.48 (4, 257.9) 45.25 (4.43, 359.5) 0.045

Child-Pugh score after 4 mo (%) 5.321 0.083

    A 33 (71.7) 23 (51.1)

    B 10 (21.7) 20 (44.4)

    C 3 (6.6) 2 (4.5)

OS, months (mean ± SD) 26.2 ± 1.4 20.6 ± 1.1 10.3 0.004

PFS, months (mean ± SD) 16.6 ± 1.0 13.8 ± 0.7 6.3 0.012

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; DCR: Disease control rate; ORR: Objective response rate; APFs: 
Arterioportal fistulas; AFP: Alpha-fetoprotein; AP: Arterioportal; IQR: Interquartile range; OS: Overall survival; PFS: Progression-free survival.

Figure 4 The Kaplan-Meier curve. A: Overall survival; B: Progression-free survival.
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Gelatin sponges and microspheres have several disadvantages in the treatment of hepatic APF. Gelatin sponges are 
absorbed 2-3 wk after the procedure, and APFs can be recanalized. Microspheres exerted a physical embolic effect 
without causing protein degradation in the vascular wall. Ethanol has been widely used in the embolization of arteri-
ovenous malformations[17], which can denature blood proteins, dehydrate vascular endothelial cells, and cause segment 
fractures in the vascular wall[18-20]. Compared to gelatin sponges alone, ethanol demonstrated an improved long-term 
effect on hepatic APFs[21]. However, because of its liquid properties, ethanol alone is not suitable for shunts with high 
blood flow. ESG combines the advantages of ethanol and gelatin sponges, promoting local control of hepatic APFs and 
liver tumors[12].

In our study, the immediate improvement and first-time follow-up rates of APFs in group E were not significantly 
higher than those in group M (93.5% and 88.9%, P = 0.485, 80.4% and 73.3%, P = 0.421, respectively). Thus, ESG and 
microspheres may have similar short-term effects on the treatment of hepatic APFs. The immediate improvement rate in 
group E was comparable to the 97% reported by Zhou et al[12], whereas the first follow-up APF improvement rate was 
higher in both groups than that reported by Zhou et al[12] (54%). This discrepancy may be attributed to the higher 
proportion of patients with grades 1–3 APFs in our study.

Our study investigated tumor response 4 mo after the procedure and revealed that the CR, PR, SD, and PD rates were 
39.1% and 17.8%, 45.7% and 40%, 8.7% and 33.3%, and 6.5% and 8.9% in groups E and M, respectively (P = 0.014). 
Moreover, the ORR was 84.8% and 57.8% in groups E and M, respectively (P = 0.004). Compared with microspheres, ESG 
led to complete long-term control of hepatic APF, including physical blockade and chemical destruction and yielded a 
significantly better local tumor response. Both the DCRs (93.5%) and ORRs (84.8%) in group E patients were higher than 
those reported in Zhou et al’s study (81.9% and 42.6%, respectively)[12]. This has three possible reasons. First, the tumor 
response in our study was evaluated 4 mo after the procedure, which provided an additional opportunity for tumor 
control. Second, the percentage of participants with portal vein thrombus (52.5%) was lower than that reported by Zhou 
et al’s study[12]. Third, the proportion of grade 1-3 APFs in our study was higher, resulting in a better embolic response.

The OS, PFS, and median AFP levels at 4 mo after the procedure in group E were significantly better than those in 
group M. The aforementioned outcome may be attributed to the complete blockage of hepatic APFs and well-controlled 
tumors. Compared with microspheres, ESG embolization demonstrated complete long-term blockade of hepatic APFs 
and therefore improved the local control of HCC and survival of patients with HCC.

Nevertheless, the study had some limitations. As this was a retrospective study, selection bias may have reduced the 
value of the results. However, further prospective studies are required to validate the findings.

CONCLUSION
Compared to microsphere embolization, ESG embolization resulted in a higher ORR and longer OS and PFS. The findings 
may contribute to the selection of embolic agents for treating hepatic APFs in patients with HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatic arterioportal fistulas (APFs) are common in hepatocellular carcinoma (HCC) because of tumor infiltration, 
vascular damage, and remodeling of the cirrhotic parenchyma. The presence of hepatic APFs often complicates anti-
tumor treatments, including transarterial chemoembolization (TACE).

Research motivation
Ethanol-soaked gelatin sponges (ESG) combine the advantages of alcohol and gelatin sponges, demonstrating a 
convincing effect at different stages of hepatic APFs. However, to date, no study has compared the efficacy of ESG and 
microspheres.

Research objectives
This retrospective study aimed to compare the efficacy of ESG and microspheres in the management of APFs, and their 
impact on the prognosis of HCC.

Research methods
The APFs were embolized using ESG (group E) or microspheres (group M) during TACE. The disease control rate (DCR) 
and objective response rate (ORR) were considered the primary outcomes. The secondary outcomes included immediate 
and first follow-up APF improvement, overall survival (OS), and progression-free survival (PFS).

Research results
The DCR was 93.5% and 91.1% in groups E and M, respectively (P = 0.714). The ORRs were 91.3% and 66.7% in groups E 
and M, respectively (P = 0.004). In 43 (93.5%) patients in group E and 40 (88.9%) patients in group M. the APFs improved 
immediately after the procedure (P = 0.485). After 2 mo, APF improvement was achieved in 37 (80.4%) and 33 (73.3%) 
participants in groups E and M, respectively (P = 0.421). The OS was 26.2 ± 1.4 and 20.6 ± 1.1 mo in groups E and M, 
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respectively (P = 0.004). The PFS was 16.6 ± 1.0 and 13.8 ± 0.7 mo in groups E and M, respectively (P = 0.012).

Research conclusions
Compared with microspheres, ESG embolization demonstrated a higher ORR and longer OS and PFS in patients with 
HCC with hepatic APFs.

Research perspectives
The findings may aid the selection of embolic agents for the treatment of hepatic APFs in patients with HCC.
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Abstract
BACKGROUND 
The current prognostic significance of perigastric tumor deposits (TDs) in gastric 
cancer (GC) remains unclear.

AIM 
To assess the prognostic value of perigastric TDs and put forward a new TNM 
staging framework involving TDs for primary GC.

METHODS 
This study retrospectively analyzed the pathological data of 6672 patients with 
GC who underwent gastrectomy or surgery for GC with other diseases from 
January 1, 2012 to December 31, 2017 at the Chinese PLA General Hospital. 
According to the presence of perigastric TDs or not, the patients were divided into 
TD-positive and TD-negative groups by using the method of propensity score 
matching. The differences between TD-positive and TD-negative patients were 
analyzed using binary logistic regression modeling. The Kaplan-Meier method 
was used to plot survival curves. Multivariate Cox regression modeling and the 
log-rank test were used to analyze the data.

RESULTS 
Perigastric TDs were found to be positive in 339 (5.09%) of the 6672 patients with 
GC, among whom 237 were men (69.91%) and 102 were women (30.09%) (2.32:1). 
The median age was 59 years (range, 27 to 78 years). Univariate and multivariate 
survival analyses indicated that TD-positive GC patients had a poorer prognosis 
than TD-negative patients (P < 0.05). The 1-, 3-, and 5-year overall survival rates of 
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GC patients with TDs were 68.3%, 19.6%, and 11.2%, respectively, and these were significantly poorer than those 
without TDs of the same stages. There was significant variation in survival according to TD locations among the 
GC patients (P < 0.05). A new TNM staging framework for GC was formulated according to TD location. When 
TDs appear in the gastric body, the original stages T1, T2, and T3 are classified as T4a with the new framework, 
and the original stages T4a and T4b both are classified as T4b. When TDs appear in the lesser curvature, the 
previous stages N0, N1, N2, and N3 now both are classified as N3. When TDs appear in the greater curvature or 
the distant tissue, the patient should be categorized as having M1. With the new GC staging scheme including TDs, 
the survival curves of patients in the lower grade TNM stage with TDs were closer to those of patients in the higher 
grade TNM stage without TDs.

CONCLUSION 
TDs are a poor prognostic factor for patients with primary GC. The location of TDs is associated with the prognosis 
of patients with primary GC. Accordingly, we developed a new TNM staging framework involving TDs that is 
more appropriate for patients with primary GC.

Key Words: Tumor deposits; Gastric cancer; Prognosis; Stage; Overall survival

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

Core Tip: The aim of this study was to assess the prognostic value of perigastric tumor deposits (TDs) and put forward a new 
TNM staging framework involving TDs for primary gastric cancer (GC). This study indicated that TDs serve as a bad 
prognostic factor in patients with primary GC and the new TNM staging system incorporating TDs is more suitable for 
patients with primary GC.

Citation: Li Y, Li S, Liu L, Zhang LY, Wu D, Xie TY, Wang XX. Incorporation of perigastric tumor deposits into the TNM staging 
system for primary gastric cancer. World J Gastrointest Oncol 2023; 15(9): 1605-1615
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1605.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1605

INTRODUCTION
Gastric cancer (GC) remains the fifth most common cancer worldwide. More than 70% of GC cases occur in developing 
countries, including Japan, Korea, and China. GC ranks as the fourth leading cause of cancer-related deaths both in men 
and women. It was estimated that in 2012, the GC mortality rate in East Asia was highest (24 male deaths and 9.8 female 
deaths per 100000 people) and lowest in North America (2.8 male deaths and 1.5 female deaths)[1].

The prognosis of GC varies according to pathological TNM (tumor, lymph node, and metastasis) stage, and the staging 
of GC is critical for its treatment and prognosis. GC pathological TNM stage is determined by the extent of primary tumor 
infiltration depth (T), the number of metastatic lymph nodes (N), and distant metastasis (M)[2]. In the past few years, 
some other predictors-for example, histological types, lymphatic vessel infiltration, and lymphatic wall carcinoma-have 
been identified as important or even independent predictors of survival[3].

Gabriel was the first clinician to discover tumor deposits (TDs) in 1935[4]. TDs were initially defined as peritumoral 
nodule clusters in the primary adipose tissue of GC, with no histological evidence of residual lymph nodes remaining in 
the nodules. It was speculated that TDs may reflect discontinuous spread, venous invasion, and extravascular spread, or 
complete replacement of lymph nodes[2]. The prognostic significance of TDs in colorectal cancer has been confirmed by 
several studies[5-9]. A series of studies has indicated that TDs are associated with other gastrointestinal tumors, including 
biliary tract cancer, GC, and pancreatic cancer[10,11].

The eighth edition of the American Joint Committee on Cancer (AJCC) Gastric Staging System considers all gastric 
metastatic nodules without residual lymph node tissue as regional lymph node metastases[5]. However, the AJCC TNM 
staging system for GC fails to distinguish between lymph node metastasis and TDs. The prognostic value of TDs in GC 
has not been extensively studied or confirmed. To date, no studies have investigated the prognostic significance of TDs in 
GC in detail[12-14]. In this study, we aimed to assess the prognostic value of TD location and to put forward a new TNM 
staging framework considering TDs for primary GC.

MATERIALS AND METHODS
This study was approved by the Medical Ethics Committee of the Chinese PLA General Hospital (S2023-065-01). Patients 
provided written informed consent before being included. A retrospective cohort study was conducted to evaluate the 
clinicopathologic data of 6672 GC patients who underwent surgical procedures at the Chinese PLA General Hospital 
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between January 2012 and December 2017. According to the presence of TDs or not, the patients were divided into TD-
positive and TD-negative groups by using the method of propensity score matching (PSM). The eighth edition of the 
AJCC TNM staging system for GC was adopted in this study. The following clinical data were collected: Sex, age, time of 
gastrectomy, histologic grade, location, T stage, number of lymph node metastases, N stage, and type of operation. 
Patients with or without TDs were compared in terms of overall survival rates. The survival curves associated with 
different pathological TNM stages were compared, including comparisons between TD-positive and TD-negative 
patients. An amendment to the eighth edition of the AJCC TNM staging system for GC was proposed and validated. A 
multivariate analysis included the following variables: Clinicopathological characteristics, including sex, age, operative 
method, histological grade, TNM stage, and TD status, and survival data.

In the previous research of colorectal cancer, TDs were defined as isolated tumor foci found in the pericolonic or 
perirectal fat or the adjacent mesentery (mesocolonic fat) away from the invasive margin of the tumor without evidence 
of residual lymphatic tissue[13,14]. In our study, TDs were defined as isolated tumor nodules located in the subserosal, 
perigastric adipose, or omental tissues away from the margin of primary tumor without histologic evidence of residual 
lymph nodes[15]. Postoperative adjuvant therapy was performed as needed according to the Japanese Gastric Cancer 
Treatment Guidelines.

In this study, TDs locations were categorized as the gastric body, lesser curvature, greater curvature, and distant tissue. 
When tumor nodules appeared in the subserosal tissue of the stomach but away from the primary tumor, we defined the 
location as the gastric body. When tumor nodules appeared in the perigastric adipose or omental tissues, we defined it as 
the lesser or greater curvature according to the two curvature sides of the stomach. When tumor nodules appeared in the 
adipose or omental tissues far away from stomach, we defined it as distant tissue.

GC patients who underwent gastrectomy were obligatorily followed every 6 mo during the first year and every 6 or 12 
mo thereafter. Follow-up included physical examination, laboratory tests, chest X-ray, abdominal and pelvic ultrasono-
graphy, and computed tomography, as previously reported. Overall survival was calculated from the date of diagnosis to 
the last contact or the date of death.

All statistical analyses (and generation of graphics) were performed using SPSS Statistics for Windows, version 22.0 
(IBM Corp., Armonk, NY, United States). For the comparisons of clinicopathologic characteristics between the two 
propensity-score-matched groups, logistic regression analysis was used for categorical variables as appropriate. Overall 
survival rates were determined using the Kaplan-Meier method. The log-rank test was used to identify differences 
between the survival curves of different patient groups. In the univariate and multivariate analyses, Cox proportional 
hazard modeling was used to identify independent factors correlated with prognosis. Confidence intervals (CIs) were 
used in the analysis of the predictive accuracy estimates for models that either included or did not include TDs. All P 
values were two-sided, with P values < 0.05 considered statistically significant.

RESULTS
Patient demographics
This study included 6672 patients with GC, among whom 339 (5.09%) had TDs detected. Among the patients with TDs, 
237 were men, and 102 were women (P = 0.527). Among the patients without TDs, 256 were men, and 83 were women (P 
= 0.492). The clinical characteristics of the patients with and without TDs were comparable.

Survival analysis
Kaplan-Meier analysis was performed to calculate the overall survival rates for patients with and without TDs. The 1-, 3-, 
and 5-year survival rates of patients with TDs were 68.3%, 19.6%, and 11.2%, respectively, and those for patients without 
TDs were 81.7%, 56.3%, and 26.3%, respectively (Figure 1).

Univariate analysis indicated that survival was significantly correlated with age (P = 0.011), operative method (P ≤ 
0.001), histologic grade (P = 0.003), depth of invasion (P ≤ 0.001), lymph node metastasis (P ≤ 0.001), distant metastasis (P 
≤ 0.001), and TD status (P ≤ 0.001). Cox multivariate analysis revealed that age, depth of invasion, lymph node metastasis, 
distant metastasis, and the presence of TDs were independent prognostic factors for GC patients (P < 0.05) (Table 1).

Figures 2 and 3 show survival curves of GC patients with and without TDs according to pathological TNM stage. The 
Kaplan-Meier survival curves indicate significant differences among the TNM stages (except stage IV) between patients 
with and without TDs. Patients with TDs had poorer survival than those without in each stage.

Kaplan-Meier survival curves were plotted to assess the prognostic value of TDs. In Figure 4, patients with TDs and 
those with stage TNM, T, or M without TDs did not have similar survival rates, but patients with TDs and those with 
stage N3 without TDs had similar survival rates.

Figure 5 illustrates the comparative survival analysis among the locations. Figure 6 shows the survival curves of the 
patients with different TD locations, as well as the survival curves of patients without TDs with different TNM 
pathological stages.

We proposed an amendment to the eighth edition of the UICC/AJCC TNM staging system for GC. When TDs appear 
in the gastric body, the original T1, T2, and T3 stages correspond to T4a with the new system, and T4a changes to T4b. 
When TDs appear in the lesser curvature, the previous N0, N1, N2, N3 Labels correspond to N3 under the new system. 
When TDs appear both in the greater curvature and distant tissue, the patient should be categorized as having M1. 
Figure 7 shows Kaplan-Meier survival curves generated using the new pathological TNM staging framework for GC 
patients with TDs.
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Table 1 Univariate and multivariate survival analysis of patients after operation for gastric cancer

Univariate analysis Multivariate analysis
Characteristic

HR (95%CI) P value HR (95%CI) P value

Sex 0.772

    Male 0.97 (0.80, 1.18)

    Female 1.00 (Reference)

Age 0.011 0.009

    ≥ 65 yr 1.26 (1.05, 1.50) 1.27 (1.06, 1.53)

    < 65 yr 1.00 (Reference) 1.00 (Reference)

Operation method ≤ 0.001 0.076

    Proximal gastrectomy 0.56 (0.45, 0.70) ≤ 0.001 0.76 (0.60, 0.97) 0.026

    Distal gastrectomy 0.57 (0.46, 0.70) ≤ 0.001 0.84 (0.67, 1.05) 0.118

    Total gastrectomy 1.00 (Reference) 1.00 (Reference)

Histologic grade 0.003 0.456

    Low 1.41 (1.12, 1.76) 1.09 (0.86, 1.39)

    High 1.00 (Reference) 1.00 (Reference)

AJCC 8 TNM T category ≤ 0.001 0.034

    T4b 2.28 (1.58, 3.28) ≤ 0.001 1.19 (0.79, 1.78) 0.410

    T4a 1.92 (1.34, 2.75) ≤ 0.001 0.92 (0.62, 1.37) 0.679

    T3 1.65 (1.15, 2.36) 0.006 0.85 (0.58, 1.27) 0.429

    T2 0.93 (0.59, 1.48) 0.766 0.70 (0.44, 1.12) 0.138

    T1 1.00 (Reference) 1.00 (Reference)

AJCC 8 TNM N category ≤ 0.001 ≤ 0.001

    N3 3.64 (2.86, 4.64) ≤ 0.001 2.72 (2.07, 3.59) ≤ 0.001

    N2 2.01 (1.54, 2.63) ≤ 0.001 1.66 (1.24, 2.22) 0.001

    N1 1.43 (1.06, 1.94) 0.019 1.37 (1.00, 1.89) 0.052

    N0 1.00 (Reference) 1.00 (Reference)

AJCC 8 TNM M category ≤ 0.001 ≤ 0.001

    M1 3.70 (2.89, 4.74) 2.78 (2.15, 3.60)

    M0 1.00 (Reference) 1.00 (Reference)

Tumor Deposits ≤ 0.001 ≤ 0.001

    Yes 2.09 (1.72, 2.53) 1.64 (1.32, 2.03)

    No 1.00 (Reference)

AJCC: American Joint Committee on Cancer; CI: Confidence interval.

DISCUSSION
TDs first appeared in the fifth edition of UICC/AJCC Tumor Staging Guide for colorectal cancer staging in 1997, followed 
by the sixth and seventh editions of the colorectal cancer staging guide. However, the definitions of TDs vary between 
colorectal cancer stages. The criteria and histological features of TDs have been modified several times. In the seventh 
edition of the UICC/AJCC colorectal cancer staging guide, TDs are defined as non-contiguous with the primary tumor 
and as lacking evidence of lymphoid tissue structure; however, in the lymph node drainage area, TDs included as an 
indicator of stage N1c were considered an independent factor affecting the prognosis[16]. However, there is no evidence 
regarding how to best classify TDs with consideration of the actual survival of the patients. In the eighth edition of the 
UICC/AJCC guide, TDs are classified as regional lymph node metastasis without residual evidence of lymph node tissue
[11].
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Figure 1 Comparison of survival between patients with and without tumor deposits. A: Kaplan-Meier survival curves of patients with and without 
tumor deposits (TDs); B: Survival months between patients with and without TDs. TDs: Tumor deposits.

Figure 2 Kaplan-Meier survival curves of patients with and without tumor deposits in different TNM stages. A: TNM stage–based survival 
analysis among postoperative patients without gastric cancer tumor deposits; B: TNM stage–based survival analysis among postoperative patients with gastric cancer 
tumor deposits.

The pathophysiological causes of TDs are still unclear, and most studies have shown that the presence of TDs is 
associated with lymph node metastasis, neurovascular invasion, and microvascular spread[5,8]. There is no credible 
evidence identifying the causes of TDs in GC. A colorectal cancer study observed four types of invasive non-continuous 
tumor infiltrations: Scattered, vascular, neurological, and nodular[17]. Subsequently, Goldstein and Turner[7] classified 
TDs into three types: The nerve disseminated type, the vascular disseminated type, and the intravascular tumor[7]. It has 
also been reported that when TDs appear in the mesorectum, they should be divided into intravascular, intratympanic, 
perineural, and isolated TDs[18]. Some studies have found that the formation of TDs may be related to the de-interstitial-
ization of tumor cells[13]. Changes in the secretion of snail, twist, and epithelial cadherin promote the ability of the 
tumors to metastasize and spread through lymph nodes[19]. In summary, we found that the formation of TDs is 
associated with invasive tumor growth. In three previous reports, the probabilities of developing TDs in GC patients 
were 17.8%, 23.9%, and 24%, respectively (ordered according to publication date). It has been reported that the 
probability of TD development is associated with tumor size, Borrmann classification, the extent of tumor infiltration of 
lymphatic vessels, and lymphatic metastasis and expansion, and that the survival of GC patients is significantly 
correlated with TDs[20].

In this study, we analyzed the status of TDs and the clinicopathological characteristics of GC patients, and found that 
the presence of TDs was significantly associated with tumor infiltration (T), lymph node metastasis (N), tumor location, 
and neurovascular invasion. The associations of TD status with patient age (> 61 years), sex, body mass index, TNM 
pathological stage, and degree of differentiation were not statistically significant. This study demonstrated that TDs are 
associated with the invasive ability of tumor cells and that tumor cells in TDs are capable of migration, which may be via 
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Figure 3 Overall survival of different TNM stages for patients with and without tumor deposits. A: Stage I patients with and without tumor deposits 
(TDs); B: Stage II patients with and without TDs; C: Stage III patients with and without TDs; D: Stage IV patients with and without TDs. TDs: Tumor deposits.

lymphatic pathways or the sudden infiltration of tumor cells of unknown causes.
Although the overall survival of patients with GC has improved significantly over the past few decades, there are still 

many questions to be answered about histopathology and predictive factors. Studies have shown that TDs have 
independent prognostic value in colorectal cancer; however, few studies have investigated gastric TDs. Several studies 
have shown that the appearance of TDs predicts a poor prognosis, which is similar to our findings. Kaplan-Meier survival 
curves were used to plot the survival of patients with or without TDs, and the two groups were significantly different 
from one another. Multivariate Cox regression analysis revealed that TD positivity was not independently associated 
with survival in GC but that the presence of TDs may be associated with late-stage disease. Cox regression survival 
analysis of all patients revealed lymph node metastasis (N) and age (> 61 years old) as the only significant factors. One 
study (that also used Cox regression analysis) found that the presence or absence of TDs was not an independent 
predictor of survival[13]. The studies identified that perigastric TDs as an important prognostic indicator, and previous 
investigators hoped to incorporate TDs into the staging of lymph node metastasis. Additionally, they classified TDs as 
metastatic lymph nodes, restaged patients with colorectal cancer and advanced GC using the seventh edition of the 
UICC/AJCC guidelines, and found TDs in patients with the same stage of lymph node metastasis (N). The presence of 
TDs can lead to a worse prognosis. However, the study was unconvincing because there were only six patients with TDs 
with stage T1 or T2 disease[14]. In a recent study, the histological tumor type and the extent of vascular invasion were 
identified to be important causes of TDs, and TDs were more common in intestinal tumors. With all current research 
considered, there is insufficient evidence supporting TDs in GC as an independent prognostic factor.

This study included 6672 patients who underwent surgery for GC, and a total of 339 patients were TD-positive. The 
rate of TD positivity was 5.09%, lower than previously reported. After dividing the patients into two groups by using 
PSM, there were 193 patients with positive deposits and 297 with negative deposits. Among 193 patients with positive 
deposits, 5 (2.59%) were in stage I, 28 (14.51%) in stage II, 139 (72.02%) in stage III, and 21 (10.88%) in stage IV. The 
proportion of TD-positive GC patients with late-stage disease was high, suggesting that the presence of TDs may indicate 
later-stage disease and a worse prognosis. We found that the median survival of patients with the same TNM stage in the 
TD-positive group was lower than that in the TD-negative group, but there was no intergroup difference in survival 
among patients with stage IV disease. Kaplan-Meier survival curves were used to evaluate the survival of the two groups. 
The prognosis of patients in stages I, II, and III with TDs was lower than that of the TD-negative group (P < 0.001). The 
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Figure 4 Comparison of survival curves of patients with and without tumor deposits in different pathological TNM categories. A: Survival 
curves of patients with and without tumor deposits (TDs) in the category of pTNM; B: Survival curves of patients with and without TDs in the category of pathological 
stage of T; C: Survival curves of patients with and without TDs in the category of pathological stage of N; D: Survival curves of patients with and without TDs in the 
category of pathological stage of M. TDs: Tumor deposits; pT: Pathological stage of T; pN: Pathological stage of N; pM: Pathological stage of M.

Figure 5 Comparison of survival outcomes associated with tumor deposits in different locations. A: Kaplan-Meier survival curves of patients with 
and without tumor deposits (TDs) in different locations; B: Survival months between patients with TDs in different locations. TDs: Tumor deposits.
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Figure 6 Comparison of survival curves of patients with different tumor deposit locations and with those of patients without tumor 
deposits with different TNM pathological stages. A: Comparison of Kaplan-Meier (K-M) curves of patients with tumor deposits (TDs) appearing in the gastric 
body with pathological stage of T without TDs; B: Comparison of K-M curves of patients with TDs appearing in the lesser curvature with pathological stage of N 
without TDs; C: Comparison of K-M curves of patients with TDs appearing in the greater curvature with pathological stage of M (pM) without TDs; D: Comparison of 
K-M curves of patients with TDs appearing in distant tissue with pM without TDs. TDs: Tumor deposits; pT: Pathological stage of T; pN: Pathological stage of N; pM: 
Pathological stage of M.

prognosis of the patients with TDs in stage IV was better than that of the TD-negative group, but this difference was not 
statistically significant. At the same time, the median overall survival durations among patients with TDs in the gastric 
body, lesser curvature, greater curvature, and distant tissue were 36.0 mo, 37.0 mo, 15.2 mo, and 9.9 mo, respectively; the 
variation among these four groups was statistically significant.

The significance of TD location in the prognosis of GC patients has not been studied. TD locations are not routinely 
included in histopathology reports. It was found that when TDs appeared in the greater curvature of the stomach or the 
omental fat connective tissue, patient survival was significantly decreased. When TDs appeared in the lesser curvature of 
the stomach or the gastric body, there was no significant difference in the survival between the two groups. Therefore, we 
speculated that when the TDs appear in the lesser curvature side of the stomach or the gastric body, the range of invasion 
may be limited by the anatomical positional relationship of the small omental sac and the lymphatic drainage pathway 
(which limits the possibility of distant metastasis). When TDs appear in the greater curvature of the stomach, the tumor 
cells may be transferred distally through the gastric colon ligament. When TDs appear in the distal fat connective tissue 
or lymph nodes, this should not be considered in N staging; rather, this scenario should be directly classified as M1. 
Among patients with TDs in different TNM stages, only the Kaplan-Meier survival curves of patients with stage III 
disease were significantly different, and the Kaplan-Meier survival curves of patients classified in the other three stages 
were not significantly different. In order to verify the influence of TD location on the staging of GC patients, and to find a 
staging framework that better aligns with the actual survival of TD-positive patients, we performed the following steps. 
We compared the T and N stages of TD-positive patients with TDs in the lesser curvature with those of the TD-negative 
group and found that the survival curve of the TD-positive patients with TDs in the lesser curvature was similar to those 
of the TD-negative patients classified as stages N1 and N2, respectively. Comparing the T and N stages of the TD-positive 
group with those of the negative group, we found that the survival curve of the TD-positive group was similar to those of 
the TD-negative patients classified as having T3, T4b, and N2, respectively. We determined that, when TDs appeared in 
the gastric body, the T stage should not be lower than T3, but there was no similar definitive conclusion that could be 
made for N stage. Comparing N stages of TD-positive patients with TDs in the greater curvature with those of TD-
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Figure 7 Survival curves generated using the proposed TNM staging framework incorporating tumor deposits. A: Survival curves generated 
using the new TNM staging framework for patients with gastric cancer tumor deposits (TDs); B: Survival curves of stage II postoperative patients with and without 
TDs; C: Survival curves of stage III postoperative patients with and without TDs; D: Survival curves of stage IV postoperative patients with and without TDs. TDs: 
Tumor deposits.

negative patents, we found favorable survival among both the TD-positive patients with TDs in the greater curvature and 
the N3 patients in the TD-negative group. In this case, the N stage of patients with TDs was N3 regardless of the number 
of metastatic lymph nodes. The M stages of the TD-positive patients with TDs in the distant tissue were compared with 
those of the TD-negative patients, and the survival curve of the TD-positive patients with TDs in the distant tissue was 
similar to that of M1 patients in the TD-negative group. In summary, we believe that when the pathological report 
suggests that TDs appear in the gastric body, the T stage should be no less than T3; when TDs appear in the greater 
curvature of the stomach, the N stage should be no less than N3; when TDs are in the distant tissue, the M stage should 
be M1.

Although our study confirmed the adverse effects of TDs on the prognosis of GC and put forward a new TNM staging 
method containing TDs innovatively, the following limitations remained in this study. First, TDs were more common 
with diffuse histological type compared with intestinal type, but the results of Lauren typing were not used in the 
pathological report of our center, and it would be better if this part was added. Second, because of the single-center 
retrospective design, the number of cases was limited, and the follow-up time was insufficient. Third, the study was 
performed in Asian population, so the data might not be extrapolated to North American or European populations. 
Therefore, valid incorporation of TDs into the TNM staging system for primary GC requires multicenter and more large-
scale clinical analyses including American and European data, as well as more in-depth basic research and exploration of 
the mechanism underlying TD development.

CONCLUSION
TDs are a poor prognostic factor in patients with primary GC, and a new TNM staging system combining TDs would be 
suitable for such patients.



Li Y et al. Research of TDs in GC

WJGO https://www.wjgnet.com 1614 September 15, 2023 Volume 15 Issue 9

ARTICLE HIGHLIGHTS
Research background
The current prognostic significance of perigastric tumor deposits (TDs) in gastric cancer (GC) remains unclear.

Research motivation
The prognostic value of TDs in GC has not been extensively studied or confirmed. To date, no studies have investigated 
the prognostic significance of TDs in GC in detail. This study aimed to assess the prognostic value of perigastric TDs and 
put forward a new and appropriate TNM staging framework involving TDs for primary GC.

Research objectives
This study aimed to assess the prognostic value of perigastric TDs and put forward a new and appropriate TNM staging 
framework involving TDs for primary GC.

Research methods
We retrospectively analyzed the pathological data of 6672 patients with GC who underwent gastrectomy or surgery for 
GC with other diseases from January 1, 2012 to December 31, 2017 at the Chinese PLA General Hospital. The patients 
were divided into TD-positive and TD-negative groups by using the method of propensity score matching. The 
differences between TD-positive and TD-negative patients were analyzed using binary logistic regression modeling. The 
Kaplan-Meier method was used to plot survival curves. Multivariate Cox regression modeling and the log-rank test were 
used to analyze the data.

Research results
With the new GC staging scheme including TDs, the survival curves of patients in the lower grade TNM stage with TDs 
were closer to those of patients in the higher grade TNM stage without TDs.

Research conclusions
TDs are a poor prognostic factor in patients with primary GC, and a new TNM staging system combining TDs would be 
suitable for such patients.

Research perspectives
From a clinical point of view, we found deficiencies in the current TNM staging system for GC and conducted this study.

FOOTNOTES
Author contributions: Li Y, Li S, and Liu L contributed equally to this work; Wang XX, Li Y, Li S, and Liu L designed the study; Li Y, Li S, 
and Liu L collected the sample data of the patients; Li S, Liu L, Zhang LY, Wu D, and Xie TY performed the statistical analysis; Li Y 
wrote the manuscript; all of the authors read and approved the final manuscript.

Institutional review board statement: This study was approved by the Medical Ethics Committee of the Chinese PLA General Hospital 
(No. S2023-065-01).

Informed consent statement: Due to the approval of the Medical Ethics Committee, the informed consent form has been waived.

Conflict-of-interest statement: All of the authors declare no interest in this study.

Data sharing statement: Technical appendix, statistical code, and dataset available from the corresponding author at [301wxx@sina.com]. 
Participants gave informed consent for data sharing.

STROBE statement: The authors have read the STROBE Statement—checklist of items, and the manuscript was prepared and revised 
according to the STROBE Statement—checklist of items.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Yang Li 0000-0003-4024-8652; Shuo Li 0000-0002-1631-6654; Lu Liu 0000-0003-2593-3758; Li-Yu Zhang 0000-0001-8599-
155X; Di Wu 0000-0003-1620-2224; Tian-Yu Xie 0000-0002-1745-221X; Xin-Xin Wang 0000-0001-2492-4932.

S-Editor: Fan JR 
L-Editor: Wang TQ 

mailto:301wxx@sina.com
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-4024-8652
http://orcid.org/0000-0003-4024-8652
http://orcid.org/0000-0002-1631-6654
http://orcid.org/0000-0002-1631-6654
http://orcid.org/0000-0003-2593-3758
http://orcid.org/0000-0003-2593-3758
http://orcid.org/0000-0001-8599-155X
http://orcid.org/0000-0001-8599-155X
http://orcid.org/0000-0003-1620-2224
http://orcid.org/0000-0003-1620-2224
http://orcid.org/0000-0002-1745-221X
http://orcid.org/0000-0002-1745-221X
http://orcid.org/0000-0001-2492-4932
http://orcid.org/0000-0001-2492-4932


Li Y et al. Research of TDs in GC

WJGO https://www.wjgnet.com 1615 September 15, 2023 Volume 15 Issue 9

P-Editor: Xu ZH

REFERENCES
1 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics, 2012. CA Cancer J Clin 2015; 65: 87-108 [PMID: 

25651787 DOI: 10.3322/caac.21262]
2 He X, Wu W, Lin Z, Ding Y, Si J, Sun LM. Validation of the American Joint Committee on Cancer (AJCC) 8th edition stage system for gastric 

cancer patients: a population-based analysis. Gastric Cancer 2018; 21: 391-400 [PMID: 29052053 DOI: 10.1007/s10120-017-0770-1]
3 Gurzu S, Orlowska J, Sugimura H, Bara T, Szentirmay Z, Januszewicz W, Bara T Jr, Szederjesi J, Jung I. Immunohistochemical features and 

staging of early gastric cancer. Arch Med Sci 2017; 13: 1373-1382 [PMID: 29181068 DOI: 10.5114/aoms.2016.58665]
4 Gabriel WB, Dukes CE, Bussey HJ. Biopsy of the rectum. Br J Surg 1951; 38: 401-411 [PMID: 14830775 DOI: 10.1002/bjs.18003815202]
5 Ono C, Yoshinaga K, Enomoto M, Sugihara K. Discontinuous rectal cancer spread in the mesorectum and the optimal distal clearance margin 

in situ. Dis Colon Rectum 2002; 45: 744-9; discussion 742 [PMID: 12072624 DOI: 10.1007/s10350-004-6290-1]
6 Tateishi S, Arima S, Futami K, Kawahara K, Tachikawa D, Naritomi K, Iwashita A. A clinicopathological investigation of "tumor nodules" in 

colorectal cancer. Surg Today 2005; 35: 377-384 [PMID: 15864419 DOI: 10.1007/s00595-004-2950-y]
7 Goldstein NS, Turner JR. Pericolonic tumor deposits in patients with T3N+MO colon adenocarcinomas: markers of reduced disease free 

survival and intra-abdominal metastases and their implications for TNM classification. Cancer 2000; 88: 2228-2238 [PMID: 10820343]
8 Belt EJ, van Stijn MF, Bril H, de Lange-de Klerk ES, Meijer GA, Meijer S, Stockmann HB. Lymph node negative colorectal cancers with 

isolated tumor deposits should be classified and treated as stage III. Ann Surg Oncol 2010; 17: 3203-3211 [PMID: 20625841 DOI: 
10.1245/s10434-010-1152-7]

9 Tong LL, Gao P, Wang ZN, Song YX, Xu YY, Sun Z, Xing CZ, Xu HM. Is the seventh edition of the UICC/AJCC TNM staging system 
reasonable for patients with tumor deposits in colorectal cancer? Ann Surg 2012; 255: 208-213 [PMID: 21527844 DOI: 
10.1097/SLA.0b013e31821ad8a2]

10 Luchini C, Veronese N, Pea A, Sergi G, Manzato E, Nottegar A, Solmi M, Capelli P, Scarpa A. Extranodal extension in N1-adenocarcinoma 
of the pancreas and papilla of Vater: a systematic review and meta-analysis of its prognostic significance. Eur J Gastroenterol Hepatol 2016; 
28: 205-209 [PMID: 26566063 DOI: 10.1097/MEG.0000000000000520]

11 Liang Y, Wu L, Liu L, Ding X, Wang X, Liu H, Meng J, Xu R, He D, Liang H. Impact of extranodal tumor deposits on prognosis and N stage 
in gastric cancer. Surgery 2019; 166: 305-313 [PMID: 31221435 DOI: 10.1016/j.surg.2019.04.027]

12 Lee HS, Lee HE, Yang HK, Kim WH. Perigastric tumor deposits in primary gastric cancer: implications for patient prognosis and staging. Ann 
Surg Oncol 2013; 20: 1604-1613 [PMID: 23184289 DOI: 10.1245/s10434-012-2692-9]

13 Sun Z, Wang ZN, Xu YY, Zhu GL, Huang BJ, Xu Y, Liu FN, Zhu Z, Xu HM. Prognostic significance of tumor deposits in gastric cancer 
patients who underwent radical surgery. Surgery 2012; 151: 871-881 [PMID: 22386276 DOI: 10.1016/j.surg.2011.12.027]

14 Ersen A, Unlu MS, Akman T, Sagol O, Oztop I, Atila K, Bora S, Ellidokuz H, Sarioglu S. Tumor deposits in gastric carcinomas. Pathol Res 
Pract 2014; 210: 565-570 [PMID: 24726262 DOI: 10.1016/j.prp.2014.03.006]

15 Nagtegaal ID, Tot T, Jayne DG, McShane P, Nihlberg A, Marshall HC, Påhlman L, Brown JM, Guillou PJ, Quirke P. Lymph nodes, tumor 
deposits, and TNM: are we getting better? J Clin Oncol 2011; 29: 2487-2492 [PMID: 21555695 DOI: 10.1200/JCO.2011.34.6429]

16 Koelzer VH, Lugli A, Dawson H, Hädrich M, Berger MD, Borner M, Mallaev M, Galván JA, Amsler J, Schnüriger B, Zlobec I, Inderbitzin D. 
CD8/CD45RO T-cell infiltration in endoscopic biopsies of colorectal cancer predicts nodal metastasis and survival. J Transl Med 2014; 12: 81 
[PMID: 24679169 DOI: 10.1186/1479-5876-12-81]

17 Ueno H, Mochizuki H. Clinical significance of extrabowel skipped cancer infiltration in rectal cancer. Surg Today 1997; 27: 617-622 [PMID: 
9306563 DOI: 10.1007/BF02388217]

18 Ratto C, Ricci R, Rossi C, Morelli U, Vecchio FM, Doglietto GB. Mesorectal microfoci adversely affect the prognosis of patients with rectal 
cancer. Dis Colon Rectum 2002; 45: 733-42; discussion 742 [PMID: 12072622 DOI: 10.1007/s10350-004-6288-8]

19 Fan XJ, Wan XB, Yang ZL, Fu XH, Huang Y, Chen DK, Song SX, Liu Q, Xiao HY, Wang L, Wang JP. Snail promotes lymph node 
metastasis and Twist enhances tumor deposit formation through epithelial-mesenchymal transition in colorectal cancer. Hum Pathol 2013; 44: 
173-180 [PMID: 22974478 DOI: 10.1016/j.humpath.2012.03.029]

20 Puppa G, Ueno H, Kayahara M, Capelli P, Canzonieri V, Colombari R, Maisonneuve P, Pelosi G. Tumor deposits are encountered in 
advanced colorectal cancer and other adenocarcinomas: an expanded classification with implications for colorectal cancer staging system 
including a unifying concept of in-transit metastases. Mod Pathol 2009; 22: 410-415 [PMID: 19136930 DOI: 10.1038/modpathol.2008.198]

http://www.ncbi.nlm.nih.gov/pubmed/25651787
https://dx.doi.org/10.3322/caac.21262
http://www.ncbi.nlm.nih.gov/pubmed/29052053
https://dx.doi.org/10.1007/s10120-017-0770-1
http://www.ncbi.nlm.nih.gov/pubmed/29181068
https://dx.doi.org/10.5114/aoms.2016.58665
http://www.ncbi.nlm.nih.gov/pubmed/14830775
https://dx.doi.org/10.1002/bjs.18003815202
http://www.ncbi.nlm.nih.gov/pubmed/12072624
https://dx.doi.org/10.1007/s10350-004-6290-1
http://www.ncbi.nlm.nih.gov/pubmed/15864419
https://dx.doi.org/10.1007/s00595-004-2950-y
http://www.ncbi.nlm.nih.gov/pubmed/10820343
http://www.ncbi.nlm.nih.gov/pubmed/20625841
https://dx.doi.org/10.1245/s10434-010-1152-7
http://www.ncbi.nlm.nih.gov/pubmed/21527844
https://dx.doi.org/10.1097/SLA.0b013e31821ad8a2
http://www.ncbi.nlm.nih.gov/pubmed/26566063
https://dx.doi.org/10.1097/MEG.0000000000000520
http://www.ncbi.nlm.nih.gov/pubmed/31221435
https://dx.doi.org/10.1016/j.surg.2019.04.027
http://www.ncbi.nlm.nih.gov/pubmed/23184289
https://dx.doi.org/10.1245/s10434-012-2692-9
http://www.ncbi.nlm.nih.gov/pubmed/22386276
https://dx.doi.org/10.1016/j.surg.2011.12.027
http://www.ncbi.nlm.nih.gov/pubmed/24726262
https://dx.doi.org/10.1016/j.prp.2014.03.006
http://www.ncbi.nlm.nih.gov/pubmed/21555695
https://dx.doi.org/10.1200/JCO.2011.34.6429
http://www.ncbi.nlm.nih.gov/pubmed/24679169
https://dx.doi.org/10.1186/1479-5876-12-81
http://www.ncbi.nlm.nih.gov/pubmed/9306563
https://dx.doi.org/10.1007/BF02388217
http://www.ncbi.nlm.nih.gov/pubmed/12072622
https://dx.doi.org/10.1007/s10350-004-6288-8
http://www.ncbi.nlm.nih.gov/pubmed/22974478
https://dx.doi.org/10.1016/j.humpath.2012.03.029
http://www.ncbi.nlm.nih.gov/pubmed/19136930
https://dx.doi.org/10.1038/modpathol.2008.198


WJGO https://www.wjgnet.com 1616 September 15, 2023 Volume 15 Issue 9

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2023 September 15; 15(9): 1616-1625

DOI: 10.4251/wjgo.v15.i9.1616 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Multidisciplinary discussion and management of synchronous 
colorectal liver metastases: A single center study in China

Hao Li, Guo-Li Gu, Song-Yan Li, Yang Yan, Shi-Dong Hu, Ze Fu, Xiao-Hui Du

Specialty type: Oncology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Billeter A, Germany; 
Tanabe M, Japan

Received: June 30, 2023 
Peer-review started: June 30, 2023 
First decision: July 24, 2023 
Revised: July 24, 2023 
Accepted: August 4, 2023 
Article in press: August 4, 2023 
Published online: September 15, 
2023

Hao Li, Ze Fu, Graduate School, Medical School of Chinese People’s Liberation Army, Beijing 
100039, China

Hao Li, Guo-Li Gu, Department of General Surgery, Air Force Medical Center, Air Force 
Medical University, Beijing 100142, China

Song-Yan Li, Yang Yan, Shi-Dong Hu, Xiao-Hui Du, Department of General Surgery, Chinese 
People’s Liberation Army General Hospital, Beijing 100039, China

Corresponding author: Xiao-Hui Du, MD, PhD, Chief Doctor, Deputy Director, Professor, 
Surgeon, Department of General Surgery, Chinese People’s Liberation Army General Hospital, 
No. 28 Fuxing Road, Haidian District, Beijing 100039, China. duxiaohui301@sina.com

Abstract
BACKGROUND 
The multidisciplinary team (MDT) has been carried out in many large hospitals 
now. However, given the costs of time and money and with little strong evidence 
of MDT effectiveness being reported, critiques of MDTs persist.

AIM 
To evaluate the effects of MDTs on patients with synchronous colorectal liver 
metastases and share our opinion on management of synchronous colorectal liver 
metastases.

METHODS 
In this study we collected clinical data of patients with synchronous colorectal 
liver metastases from February 2014 to February 2017 in the Chinese People’s 
Liberation Army General Hospital and subsequently divided them into an MDT+ 
group and an MDT- group. In total, 93 patients in MDT+ group and 169 patients 
in MDT- group were included totally.

RESULTS 
Statistical increases in the rate of chest computed tomography examination (P = 
0.001), abdomen magnetic resonance imaging examination (P = 0.000), and 
preoperative image staging (P = 0.0000) were observed in patients in MDT+ 
group. Additionally, the proportion of patients receiving chemotherapy (P = 
0.019) and curative resection (P = 0.042) was also higher in MDT+ group. Multiva-
riable analysis showed that the population of patients assessed by MDT meetings 
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had higher 1-year [hazard ratio (HR) = 0.608, 95% confidence interval (CI): 0.398-0.931, P = 0.022] and 5-year (HR = 
0.694, 95%CI: 0.515-0.937, P = 0.017) overall survival.

CONCLUSION 
These results proved that MDT management did bring patients with synchronous colorectal liver metastases more 
opportunities for comprehensive examination and treatment, resulting in better outcomes.

Key Words: Synchronous colorectal liver metastases; Multidisciplinary team; Imaging examination; Treatment strategy; 
Oncological outcome

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

Core Tip: Synchronous colorectal liver metastases usually predict a poor prognosis. Nevertheless, given the costs of time and 
money and with little strong evidence of multidisciplinary team (MDT) effectiveness being reported, critiques of MDTs still 
persist. This study demonstrates that MDT management brings patients more opportunities for aggressive examination and 
treatment. Retrospective clinical data shows that the population of patients assessed by MDT meetings has higher 1-year and 
5-year overall survival.

Citation: Li H, Gu GL, Li SY, Yan Y, Hu SD, Fu Z, Du XH. Multidisciplinary discussion and management of synchronous colorectal 
liver metastases: A single center study in China. World J Gastrointest Oncol 2023; 15(9): 1616-1625
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1616.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1616

INTRODUCTION
Colorectal cancer is the second most commonly diagnosed cancer, with an estimated 1.78 million cases occurring in 2020
[1]. About 50% of patients with colorectal cancer will suffer distant metastases; the liver is the most common site. In 
particular synchronous liver metastases account for 15%-25% of colorectal liver metastases[2]. Synchronous colorectal 
liver metastases are usually defined as liver metastases detected at or before primary colorectal cancer. Curative resection 
is identified as the most effective method for curing synchronous colorectal liver metastases. However, data showed only 
5%-15% patients with synchronous liver metastases were curable with resection[3,4], 5-year survival rates of patients with 
unresectable liver metastases were starkly lower, at less than 5% respectively[5].

The multidisciplinary team (MDT) originated in the United Kingdom in the 1960s and 1970s[6] and is defined as a 
regularly scheduled discussion of patients, especially those diagnosed with cancer, comprising professionals from 
different specialties[7]. After years of development, MDTs have been used in most large hospitals and are recommended 
by most guidelines on cancer therapy[8]. Nevertheless, given the costs of time and money and with little strong evidence 
of MDT effectiveness being reported, critiques of MDTs persist[9,10].

On a positive note, many retrospective and prospective studies have already provided clinical evidence in favor of 
MDT meetings with regard to diagnosis, tumor staging, treatment strategy, and oncological outcomes of cancer including 
colorectal cancers[11-13]. However, few reports have shown the impact of MDT meetings on synchronous colorectal liver 
metastases. In this study, we undertook a retrospective analysis of the impact of MDT meetings on the clinical data of 
patients with synchronous colorectal liver metastases, and we provide our insights on management of synchronous 
colorectal liver metastases in an MDT model.

MATERIALS AND METHODS
This retrospective study incorporated patients who were diagnosed with synchronous colorectal liver metastases from 
February 2014 to February 2017 in the Chinese People’s Liberation Army General Hospital. All patients in the MDT group 
(MDT+) were discussed by the gastrointestinal cancer MDT of the Chinese People’s Liberation Army General Hospital 
and had thorough records in minutes of the meetings. Patients without discussion at MDT meetings (MDT-) were treated 
by doctors with equivalent qualifications of the Chinese People’s Liberation Army General Hospital. This study received 
approval from the ethics commission of the General Hospital of People’s Liberation Army.

Data collection
Patients with uncertain diagnoses and medical records were excluded, as were patients suffering from extrahepatic 
metastases or other severe disease that might affect survival time seriously. These patients were followed up for 66 mo in 
this study. A total of 169 patients in MDT- group (80 men and 89 women; mean age: 60.15 years) and 93 patients in MDT+ 
group (53 men and 40 women; mean age: 59.19 years) were ultimately included in this study.
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To analyze the impact of MDT on overall survival (OS), we compiled the following items in our data collection 
according to previous studies[14-17]: (1) Demographic data: Age, gender, body mass index; (2) Cancer characteristics: Site 
of primary tumor, primary lymph node (LN) involvement, multiple liver metastases, extrahepatic metastases; (3) Baseline 
examination including imaging data and serum carcinoembryonic antigen (CEA) levels; (4) Detailed data about 
chemotherapy and surgery; and (5) Clinical data of follow-up until patients’ death or the end of the follow-up period 
(August 2022). Data were mainly collected from the Electronic Medical Record of the Chinese People’s Liberation Army 
General Hospital, and those unavailable in the Electronic Medical Record were obtained from patients, in the form of 
copied records, imaging and laboratory data.

Statistical analysis
Continuous data are presented as median (range) unless indicated otherwise. Comparisons of differences in continuous 
variables between the two groups were performed with student’s t test. Chi-square test and Fisher’s exact method were 
carried out for categorical data. In the analysis of event-specific rates, patients were considered to be at risk of the studied 
event until death or the end of follow-up. Cumulative survival curves were plotted using the Kaplan-Meier method and 
statistically compared using the log-rank test. Univariate and multivariate survival analysis was performed using the Cox 
proportional hazards model, with results presented as a hazard ratio (HR) with a 95% confidence interval (CI). Univariate 
and multivariate logistic analysis was performed using the likelihood ratio test, with results presented as an odds ratio 
(OR) with a 95%CI. Multivariate analysis included items with univariate analysis results of P < 0.20. Statistical 
significance was set at P < 0.05. All analyses were performed using the Statistical Program for Social Sciences 26.0 
software (SPSS, Inc., Chicago, IL, United States).

RESULTS
Patient
A total of 262 patients were included in this study. The clinical characteristics of patients are detailed in Table 1. In MDT+ 
group, a significant 80.65% of patients (75 out of 93) were diagnosed with liver metastases at more than one site. 
Interestingly, the proportion of patients in MDT- group was 79.88% (P = 0.989). No significant differences in demographic 
data and cancer characteristics were observed between these two groups.

Baseline imaging examination and radiological tumor-node-metastasis staging
The rate of chest computed tomography (CT) examination in patients in MDT+ group was significantly higher than that 
in MDT- group (100% vs 82.84%, P = 0.001). This trend was mirrored in the rate of abdomen magnetic resonance imaging 
(MRI) (100% vs 73.96%, P = 0.000). As radiological tumor-node-metastasis (TNM) staging was routinely required in our 
gastrointestinal cancer MDT meeting, all patients in MDT+ group had been diagnosed with TNM staging. However, only 
20.12% of patients were evaluated with radiological TNM staging in MDT- group (P = 0.000). No significant difference in 
positron emission tomography-CT (PET-CT) between the two groups was observed (P = 0.906). Baseline imaging exami-
nation and radiological TNM staging results are represented in Table 2.

Oncology treatment and surgery
Of 17 patients in MDT+ group were diagnosed with initial resectable synchronous colorectal liver metastases. 77 patients 
in the MDT+ group and 116 patients in MDT- group received chemotherapy (82.80% vs 68.64%, P = 0.0191). Approx-
imately 10% of these chemotherapy patients were successfully converted to be radically resectable after several 
chemotherapy cycles. At the end of the follow-up period, 30 patients in MDT+ group and 35 patients in MDT- group had 
undergone curative resection (32.29% vs 20.71%, P = 0.0415). Statistical differences were not observed in the proportion of 
initial resectable liver metastases, and successful conversion chemotherapy between the two groups. Oncology treatment 
and surgery is outlined in Table 3.

OS
The 1-year OS rate of all 262 patients was determined to be 54.58%. There was a significant difference between the two 
groups, with patients in MDT+ group demonstrating statistically higher 1-year OS rates than those in MDT- group 
(66.67% vs 47.93%; P = 0.0036, Figure 1). Univariate analysis employing the Cox proportional hazards model, age > 75 
years, CEA > 5 ng/mL, primary LN involvement, multiple liver metastases, extrahepatic metastases, curative resection, 
MDT, and chemotherapy were associated with 1-year OS rates at P < 0.20 (Table 4).

Subsequent multivariate analysis illuminated that age > 75 years (HR = 2.276, 95%CI: 1.419-3.649, P = 0.001), CEA > 5 
ng/mL (HR = 5.139, 95%CI: 3.093-8.539, P = 0.000), Primary LN involvement (HR = 1.828, 95%CI: 1.073-3.116, P = 0.027), 
multiple liver metastases (HR = 5.300, 95%CI: 1.627-17.262, P = 0.006), and extrahepatic metastases (HR = 6.187, 95%CI: 
3.702-10.339, P = 0.0001) were high-risk factors. In contrast, MDT (HR = 0.608, 95%CI: 0.398-0.931, P = 0.022, Figure 1A) 
and curative resection (HR = 0.024, 95%CI: 0.003-0.177, P = 0.000) emerged as protective factors. During our analyses of 5-
year OS rates, we found that despite the complexity of variables, MDT remained an independent protective factor (HR = 
0.694, 95%CI: 0.515-0.937, P = 0.017, Table 5 and Figure 1B).
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Table 1 Demographic and clinical characteristics of patients

Characteristics MDT+ (n = 93) MDT- (n = 169) P value

Age (yr), mean (min-max) 59.19 (28.00-89.00) 60.15 (25.00-92.00) 0.605

Male/female, n 40/53 89/80 0.172

BMI (kg/m2), mean (min-max) 24.83 (17.29-33.82) 23.62 (16.06-33.5) 0.221

KPs score ≥ 60 89/12 150/19 0.095

Adenocarcinoma/mucinous adenocarcinoma, n 83/10 143/26 0.393

Poor differentiation, n (%) 16 (17.20) 21 (12.43) 0.380

Primary tumor category ≥ T3, n (%) 67 (72.04) 135 (79.88) 0.197

Primary LN involvement, n (%) 60 (64.52) 118 (69.82) 0.458

Multiple liver metastases, n (%) 75 (80.65) 134 (79.29) 0.920

BMI: Body mass index; KPs: Karnofsky performance status; LN: Lymph node; MDT: Multidisciplinary team.

Table 2 Baseline imaging examination and radiological tumor-node-metastasis staging

MDT+ (n = 93) MDT- (n = 169) P value

Chest CT, n (%) 93 (100) 140 (82.84) 0.001

Abdomen MRI, n (%) 89 (95.70) 125 (73.96) 0.000

PET-CT, n (%) 22 (23.66) 47 (27.81) 0.906

TNM staging, n (%) 93 (100) 34 (20.12) 0.000

CT: Computed tomography; MRI: Magnetic resonance imaging; PET: Positron emission tomography; TNM: Tumor-node-metastasis; MDT: 
Multidisciplinary team.

Table 3 Oncology treatment and surgery

MDT+ (n = 93) MDT- (n = 169) P value

Initial resectable, n (%) 17(18.285) 21 (12.43) 0.270

Successful conversion chemotherapy, n (uninitial resectable, n) 13 (761) 14 (1481) 0.148

Chemotherapy, n (%) 77 (82.80) 116 (68.64) 0.019

Curative resection, n (%) 30 (32.29) 35 (20.71) 0.042

Simultaneous resection, n (%) 29 (97.63) 19 (55.88) 0.001

RFA, n (%) 5 (16.67) 15 (44.12) 0.036

1Values in parentheses are numbers of patients with unresectable liver metastases.
RFA: Radiofrequency ablation; MDT: Multidisciplinary team.

DISCUSSION
In MDT+ group, a significant majority of patients underwent a chest CT examination (100% vs 82.84%, P = 0.001). A 
SEER-based study including 46027 colorectal cancer patients found that about 20% of patients with colorectal liver 
metastasis were diagnosed with lung metastases simultaneously[16]. Furthermore, resection of liver and lung metastases 
brings better oncological outcomes than resection of liver metastases only[18]. Thus, the high frequency of chest CT 
examinations observed in the MDT+ group aligns with the need for comprehensive diagnostics in the management of 
patients with synchronous colorectal liver cancer. Moreover, the rate of abdomen MRI examination was significantly 
higher in MDT+ group compared to the MDT- group (P = 0.000), indicating a greater focus on identifying patients with 
questionable or curatively resectable liver metastases[19,20]. Most cancer therapy guidelines and clinical research 
underscore the importance of TNM staging in informing treatment strategies, reinforcing the value of accurate 
preoperative radiological TNM staging in treatment planning and monitoring clinical efficacy. Moreover, researchers 
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Table 4 Univariate and multivariate analyses of risk factors associated with 1-year overall survival

Univariate Multivariate
n (%)

HR 95%CI P value HR 95%CI P value

Age > 75 61 (23.28) 3.533 2.44-5.11 0.000 2.065 1.257-3.393 0.004

Sex (male) 133 (50.76) 0.845 0.590-1.211 0.358

BMI > 28 46 (17.56) 0.765 0.468-1.250 0.285

CEA > 5 ng/mL 125 (47.71) 7.296 4.674-11.391 0.000 5.308 3.262-8.638 0.000

Colon primary 118 (45.04) 1.283 0.896-1.838 0.174 1.058 0.724-1.544 0.772

Mucinous adenocarcinoma 36 (13.74) 0.863 0.502-1.482 0.593

Poor differentiation 37 (14.12) 1.282 0.793-2.073 0.311

Primary tumor category ≥ T3 202 (77.10) 1.284 0.820-2.009 0.274

Primary LN involvement 178 (67.94) 3.336 2.061-5.400 0.000 1.948 1.156-3.281 0.012

Multiple liver metastases 210 (80.15) 13.97 4.44-43.97 0.000 4.747 1.470-15.333 0.009

MDT 93 (35.50) 0.53 0.353-0.801 0.003 0.572 0.374-0.874 0.010

chemotherapy 193 (73.66) 0.239 0.166-0.344 0.000 0.874 0.539-1.418 0.587

Curative resection 67 (25.57) 0.016 0.002-0.114 0.000 0.031 0.004-0.227 0.001

HR: Hazards ratio; CI: Confidence interval; BMI: Body mass index; CEA: Carcinoembryonic antigen; MDT: Multidisciplinary team; LN: Lymph node.

Table 5 Univariate and multivariate analyses of risk factors associated with 5-year overall survival

Univariate Multivariate
n (%)

HR 95%CI P value HR 95%CI P value

Age > 75 61 (23.28) 3.471 2.532-4.758 0.000 2.040 1.322-3.149 0.001

Sex (male) 133 (50.76) 0.938 0.721-1.221 0.938

BMI > 28 46 (17.56) 0.951 0.679-1.331 0.769

CEA > 5 ng/mL 125 (47.71) 2.446 1.872-3.195 0.000 2.516 1.847-3.428 0.000

Colon primary 118 (45.04) 1.349 1.035-1.757 0.027 0.828 0.622-1.102 0.195

Mucinous adenocarcinoma 36 (13.74) 0.792 0.529-1.184 0.256

Poor differentiation 37 (14.12) 1.102 0.758-1.603 0.611

Primary tumor category ≥ T3 202 (77.10) 0.969 0.710-1.322 0.841

Primary LN involvement 178 (67.94) 1.567 1.175-2.088 0.002 1.143 0.835-1.566 0.404

Multiple liver metastases 210 (80.15) 3.852 2.592-5.725 0.000 2.563 1.671-3.932 0.000

MDT 93 (35.50) 0.667 0.504-0.884 0.005 0.709 0.527-0.954 0.023

Chemotherapy 193 (73.66) 0.203 0.147-0.281 0.000 0.591 0.388-0.900 0.014

Curative resection 67 (25.57) 0.091 0.058-0.144 0.000 0.111 0.069-0.178 0.000

HR: Hazards ratio; CI: Confidence interval; BMI: Body mass index; CEA: Carcinoembryonic antigen; MDT: Multidisciplinary team; LN: Lymph node.

have also proved that preoperative tumor staging increased cancer-specific endpoints[21]. Therefore, the increased 
likelihood of comprehensive baseline examination in patients under the MDT model can significantly contribute to more 
effective cancer treatment planning. For patients with synchronous liver metastases, PET-CT examination was frequently 
selected as the diagnostic modality of choice[22]. Notably, a substantial 80% of patients in the MDT+ group received 
chemotherapy (P = 0.019). A study from Phelip et al[23] indicated that a multidisciplinary meeting was the only factor 
independently associated with administration of chemotherapy.

Within the MDT+ group, patients were categorized into two subgroups: Those initially deemed resectable and those 
considered potentially resectable. Despite ongoing controversies surrounding the use of neo-adjuvant therapy for patients 
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Figure 1 Overall survival comparison: Multidisciplinary team (+) group versus multidisciplinary team (-) group. A: Multidisciplinary team was a 
protective factor for 1-year overall survival rates; B: Multidisciplinary team was a protective factor for 5-year overall survival rates. MDT: Multidisciplinary team; HR: 
Hazard ratio.

with initially resectable synchronous liver metastases[24-28], several benefits of neo-adjuvant therapy can be identified. 
Firstly, neo-adjuvant chemotherapy provides a “window period” that allows for the observation of any new unresectable 
liver metastases, thereby preventing unnecessary operations[29]. Secondly, neo-adjuvant therapy can potentially increase 
the chances of R0 surgery and the volume of residual liver post-surgery[30,31]. Thirdly, combining neo-adjuvant 
chemotherapy with adjuvant chemotherapy may enhance the outcomes of patients undergoing curative surgery[32,33]. 
Given these benefits, we often advocate for neo-adjuvant therapy, especially for patients with large liver metastases and 
large number of liver metastases or suspicious LN metastases. However, the status of the primary tumor lesion, patient 
willingness, chemotherapy toxicity and risk of disease progression should still be considered[26].

Successful conversion is an important goal for potentially resectable patients, while the symptoms and tumor burden 
usually influence the treatment strategy for unresectable patients. Large clinical trials have reported that the rates of 
successful conversion of unresectable liver metastases were about 4%-15%[34,35]. We observed a similar proportion 
(17.11% in MDT+ group and 9.46% in MDT- group) in our study. Research showed that the resection margin width of 
liver metastases was independently associated with OS rates[36]. However, complete radiological response only 
contributed 15%-70% of complete pathological response, and even among patients with a complete pathological response, 
long-term remission occurred in only 20%-50% of those treated with systemic therapy[37]. For patients who convert to be 
curatively resectable, we advocate for immediate curative resection, given the hepatotoxicity and potential for decreased 
chemosensitivity associated with prolonged chemotherapy. As the macroscopic disease disappears on preoperative 
imaging, an excision extension according to the baseline imaging data is recommended.

Despite the significantly higher 5-year OS rates of resectable colorectal liver metastasis (37%-49%) in contrast to 
unresectable liver metastases(2%-4%)[5,38,39], only about 10% of patients in our study were diagnosed as initially 
resectable. Given these stark contrasts, the pursuit of resectability remains crucial. We typically discourage palliative 
excision of liver metastases, yet for patients who lose the opportunity for curative resection due to primary tumor 
complications, we do advocate for the R0 resection of liver metastases[40]. Over 90% of patients underwent simultaneous 
combined laparoscopic resection in MDT+ group. Simultaneous liver and colorectal resections for metastatic colorectal 
cancer are associated with similar long-term cancer outcomes compared with staged procedures[41,42]. Considering 
factors such as operation duration, blood loss, hospital stay, and morbidity[43,44], patients can benefit much more from 
simultaneous operations. While long-term outcomes like overall survival, progression-free survival, and local recurrence 
after excision radio frequency ablation (RFA) remain contentious[45,46], we usually prefer excision unless specialists in 
our MDT meeting agree that excision is a great risk or complete ablation of liver metastases with RFA is possible. In our 
MDT, intraoperative RFA was performed by doctors from the department of intraoperative ultrasound. And only 5 of 30 
patients in MDT+ group received RFA.

In the last part of this study, after adjusting for variables like age, primary LN involvement, multiple liver metastases, 
extrahepatic metastases, and curative resection, we discovered that MDT meetings were a protective factor for 1-year OS 
(HR = 0.608, 95%CI: 0.398-0.931, P = 0.022, Table 4) and 5-year OS (HR = 0.694, 95%CI: 0.515-0.937, P = 0.017, Table 5). 
Patients may achieve this via the improvement of patients’ treatment compliance, accurate radiological TNM staging, and 
an increased proportion of curative resection and systemic therapy in the MDT model.

CONCLUSION
The successful operation of a MDT necessitates fixed members, consistent meeting time, and location, an academic 
secretary with a medical background, and chat software enabling constant communication among team members. An 
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MDT can help mitigate incomplete decisions made by individual doctors. Nonetheless, further evidence is still needed to 
confirm these benefits and assess the clinical benefits in light of the time and financial costs.

ARTICLE HIGHLIGHTS
Research background
Multidisciplinary teams (MDTs) have been implemented in numerous large hospitals; however, critiques persist due to 
the high costs and limited strong evidence of their effectiveness.

Research motivation
The motivation behind this article is to provide further evidence on the application of MDTs in the field of colorectal liver 
metastasis. By conducting this research, we aim to contribute to the existing knowledge base and enhance the under-
standing of how MDTs can effectively improve patient outcomes in this specific context.

Research objectives
The objective of this study is to evaluate the effects of MDTs on patients with synchronous colorectal liver metastases and 
provide insights and recommendations on the management of synchronous colorectal liver metastases.

Research methods
This retrospective study investigated the influence of MDT involvement on clinical data of patients with synchronous 
colorectal liver metastases at the Chinese People’s Liberation Army General Hospital.

Research results
The analysis revealed significant statistical increases in the rates of chest computed tomography examination (P = 0.001), 
abdomen magnetic resonance imaging examination (P = 0.000), and preoperative image staging (P = 0.0000) among 
patients in the MDT+ group. Furthermore, a higher proportion of patients in the MDT+ group received chemotherapy (P 
= 0.019) and underwent curative resection (P = 0.042). Multivariable analysis demonstrated that patients assessed through 
MDT meetings had higher 1-year overall survival [hazard ratio (HR) = 0.608, 95% confidence interval (CI): 0.398-0.931, P 
= 0.022] and 5-year overall survival (HR = 0.694, 95%CI: 0.515-0.937, P = 0.017).

Research conclusions
The findings of this study provide evidence that MDT management offers patients with synchronous colorectal liver 
metastases increased access to comprehensive examinations and treatments, ultimately leading to improved outcomes.

Research perspectives
This study conducted from the perspective of surgeons through a retrospective analysis of clinical records, observed that 
MDT management offers increased opportunities for comprehensive examinations and treatments in patients with 
synchronous colorectal liver metastases, consequently leading to improved treatment outcomes. This further validates the 
benefits of MDT management.
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Abstract
BACKGROUND 
The hemoglobin, albumin, lymphocyte, and platelet (HALP) score, derived from a 
composite evaluation of markers reflecting the tumor-inflammation relationship 
and nutritional status, has been substantiated as a noteworthy prognostic 
determinant for diverse malignancies.

AIM 
To investigate how the HALP score relates to prognosis in patients with 
metastatic gastric cancer.

METHODS 
The cutoff values for the HALP score, neutrophil/lymphocyte ratio, and pla-
telet/lymphocyte ratio were determined using receiver operating characteristic 
analysis. Low HALP scores were defined as those less than 24.79 and high HALP 
scores as those greater than 24.79.

RESULTS 
The study cohort comprised 147 patients and 110 of them (74.8%) were male. The 
patients' median age was 63 (22-89) years. The median overall survival was 
significantly superior in the patients with high HALP scores than in those with 
low HALP scores (10.4 mo vs 7.5 mo, respectively; P < 0.001)

CONCLUSION 
The HALP score was found to be a prognostic factor in patients with metastatic 
gastric cancer.

Key Words: Biomarker; Hemoglobin, albumin, lymphocyte, and platelet score; Gastric 
cancer; Nutritional index; Prognosis; Survival
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Core Tip: Median overall survival (OS) was 10.4 mo in the high hemoglobin, albumin, lymphocyte, and platelet (HALP) 
group and 7.5 mo in the low HALP group. There was a statistically significant difference between the groups in terms of age 
(P < 0.001), second-line chemotherapy (P < 0.001), sex (P = 0.035), and HALP score (P = 0.004). The HALP score has been 
demonstrated to be useful as a prognostic factor in a variety of cancer types, including genitourinary and gastrointestinal 
malignancies. Our study is the first to investigate the HALP score in patients with metastatic gastric cancer. We found that 
patients with high HALP scores had longer OS. Given its simplicity and low cost, we think the HALP score can be utilized 
to manage patients with gastric cancer.

Citation: Duzkopru Y, Kocanoglu A, Dogan O, Sahinli H, Cilbir E, Altinbas M. Hemoglobin, albumin, lymphocyte, and platelet score 
as a predictor of prognosis in metastatic gastric cancer. World J Gastrointest Oncol 2023; 15(9): 1626-1635
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1626.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1626

INTRODUCTION
In Western countries, there has been a gradual decline in the prevalence of gastric cancer[1]. However, it remains a 
significant public health concern in certain regions of Eastern Asia[2]. Globally, gastric cancer ranks third in terms of 
cancer-related mortality and fifth in terms of overall prevalence[3]. Adenocarcinomas account for over 95% of all 
diagnosed cases of gastric cancer[4].

It is well known that gastric cancer has a poor prognosis. This is due to the disease usually being diagnosed at an 
advanced stage[5]. The most important factors in predicting the disease's prognosis are the stage of the tumor node 
metastasis (TNM), lymph node invasion, and the presence of distant metastases[6]. However, even among patients 
classified within the same stage, survival rates can significantly vary. Consequently, there is a pressing need for novel 
biomarkers to assist clinicians in accurately anticipating prognosis and making informed treatment decisions.

Numerous studies have demonstrated a significant association between systemic inflammation and the proliferation, 
invasion, and metastasis of the cancer[7]. At the same time, this inflammatory response around the tumor affects the 
formation and growth of the tumor[8]. Furthermore, blood cells trigger an adaptive immune response through the release 
of diverse cytokines, exerting an impact on tumor cells[9]. Based on the tumor inflammation relationship, biomarkers 
such as the neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/monocyte ratio, and 
prognostic nutritional index are utilized to predict disease prognosis[10]. Combining these parameters to generate scores 
is thought to enhance the predictive value of prognosis compared to using individual biomarkers alone. The integration 
of multiple biomarkers enables a more comprehensive assessment and potentially provides a more accurate prediction of 
disease outcomes. One of these combinations is the hemoglobin, albumin, lymphocyte, and platelet (HALP) score, 
calculated using the HALP counts. Together, the immune system and nutritional status are assessed by the HALP score. 
By evaluating both the immune system and nutritional status, the HALP score has shown utility as a prognostic factor in 
various cancer types, including genitourinary and gastrointestinal malignancies[11,12]. In the context of gastric cancer, 
some retrospective studies have demonstrated the predictive value of the HALP score in the preoperative stage, 
providing foresights into the disease prognosis prior to surgical intervention[13,14].

A scoring system incorporating clinical and laboratory data may be useful in determining the prognosis of gastric 
cancer. In the present study, we aimed to investigate the prognostic effect of the HALP score in patients with metastatic 
gastric cancer.

MATERIALS AND METHODS
Collection of material and follow-up of patients
A total of 158 patients were initially screened and, among them, 147 patients who met the inclusion criteria were included 
in the study. The data of patients diagnosed with metastatic gastric adenocarcinoma and followed up in the Medical 
Oncology Clinic of Diskapi Yildirim Beyazit Training and Research Hospital, Health Sciences University (Ankara, 
Turkey), between January 2010 and May 2021 were analyzed retrospectively. The inclusion criteria encompassed patients 
aged 18 years and older. However, those with heart failure, undergoing dialysis, having secondary malignancy, or 
suffering from any inflammatory disease were excluded.

Data for the study were obtained by collecting information from hospital records and patient files. Various variables 
were recorded and analyzed, including details regarding chemotherapy regimens, comorbidities, smoking and alcohol 
consumption histories, surgical procedures, pathological diagnoses, types of lymph node dissection, tumor sizes, 
metastasis sites, and patient survival durations. Overall survival (OS) was calculated as the time from the date of 
metastasis to the date of death or the last follow-up date. Also the HALP score was calculated using laboratory values at 
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the time of metastasis. It was calculated by multiplying the hemoglobin albumin and lymphocyte/platelet ratio 
[hemoglobin (g/L) × albumin (g/L) × lymphocyte count/thrombocyte count][15].

Approval for the study was granted by the Diskapi Yıldırım Beyazıt Training and Research Hospital ethics committee 
(number: 116/21, date: 26.07.2021). The protocol of the study was prepared in accordance with the 1964 Declaration of 
Helsinki.

Statistical analysis
The statistical analyses were performed using IBM SPSS Statistics (version 22.0, IBM SPSS, United States). The clinical and 
demographic characteristics of the patients were subjected to descriptive analysis. Categorical and numerical variables 
were presented as numbers and percentages (n, %). Continuous data were expressed as means ± SD when the data were 
normally distributed; otherwise, they were expressed as median and range. Receiver operating characteristic (ROC) curve 
analysis was used to determine the optimal cutoff values of NLR, PLR, and HALP score. Survival outcomes were 
compared using the Kaplan–Meier method with the log-rank test (univariate analysis) or the Cox proportional hazards 
regression model (multivariate analysis). Only the parameters that demonstrated statistical significance in the univariate 
analysis were included in the multivariate analysis. A P value < 0.05 was considered statistically significant in all 
analyses. The statistical methods used were reviewed by Yakup Duzkopru from Ankara Etlik City Hospital.

RESULTS
A total of 147 patients diagnosed with metastatic gastric cancer were included. The majority of the patients (74.8%) were 
male. The median age of the patients was 63 (22-89). Among the participants, 74 patients (50.3%) had no additional 
diseases, while 78 patients (53.1%) had a history of smoking. A total of 90 patients (61.2%) had never undergone any 
surgical procedures.

Surgical interventions were performed in a subset of the patients. Specifically, total gastrectomy was conducted in 41 
patients (27.9%), while subtotal gastrectomy was performed in 16 (10.9%). The histopathological examination revealed 
adenocarcinoma in 128 patients (87.1%). Among these patients, 74 (50.3%) were classified as having moderately differen-
tiated adenocarcinoma. For the majority of the patients (38.1%), the primary tumor was in the corpus. The number of de 
novo metastatic patients was 103 (70.1%). Table 1 provides an overview of the clinicopathological characteristics of the 
patients in the study.

Using ROC analysis, a cutoff value of 24.79 for the HALP score was determined, with 62.5% sensitivity and 62.3% 
specificity (AUC: 0.64, 95%CI: 0.48-0.80, P = 0.183). A HALP score of ≥ 24.79 was considered high and of < 24.79 low. The 
patients were divided into two groups: Those with low HALP scores (60.5%) and those with high HALP scores (39.5%).

The association between the HALP score and various characteristics of the patients was assessed, and the results 
indicate that there was no statistically significant relationship between the HALP score and sex (P = 0.816), smoking (P = 
0.679), record of previous surgery (P = 0.804), type of operation performed (P = 0.783), pathological subtype (P = 0.18), 
presence of metastasis at the time of diagnosis (P = 0.894), and the tumor location (P = 0.142). However, statistically 
significant relationships were observed between the HALP score and other factors, specifically between the HALP score 
and the Eastern Cooperative Oncology Group Performance status (ECOG PS) (P = 0.02), the presence of additional 
diseases (P = 0.008), and the degree of differentiation (P = 0.045). The relevant patient characteristics related to the HALP 
score are summarized in Table 2.

The optimal cutoff values for NLR and PLR were determined by ROC analysis. NLR ≥ 2.88 was considered high (38.8% 
of patients) and < 2.88 low (61.2% of patients). PLR ≥ 166.1 was categorized as high (39.5% of patients) and < 166.1 low 
(60.5% of patients). The sensitivity and specificity for both NLR and PLR were 62.6% and 62.5%, respectively.

The median OS was 10.4 mo in the high HALP group and 7.5 mo in the low HALP group. The subgroups were further 
compared in terms of OS. In the univariate analysis, no statistically significant difference was observed in terms of NLR 
groups (P = 0.582), PLR groups (P = 0.350), differentiation groups (P = 0.06), and the presence of metastasis at the time of 
diagnosis (P = 0.754). However, statistically significant differences were found between the groups in terms of age (P < 
0.001), second-line chemotherapy (P < 0.001), sex (P = 0.035), ECOG PS (P = 0.03), comorbidity (P = 0.004), and HALP 
score (P = 0.004) (Figure 1).

The multivariate analysis revealed that second-line chemotherapy (P < 0.001) and HALP score (P < 0.001) were statist-
ically significant factors affecting OS. The HALP score was also statistically significant in the multivariate analysis (P = 
0.001). The univariate and multivariate analyses of prognostic factors in terms of OS are presented in Table 3.

DISCUSSION
The HALP score, derived from the levels of hemoglobin, albumin, lymphocytes, and platelets, serves as an indicator of 
the patient's immunological and nutritional status. Anemia, commonly observed in cancer patients, particularly in gastric 
cancer, is recognized as a prevalent paraneoplastic syndrome. Chronic bleeding associated with gastric cancer often 
contributes to the development of anemia[16]. Anemia is thought to affect the performance status, chemotherapy 
tolerance, and course of the disease in patients with gastric cancer[17]. Additionally, hypoalbuminemia has been 
identified as an independent prognostic factor linked to poor outcomes in several studies[18]. It is known that immune 
system suppression raises the probability of cancer development[19]. Therefore, the HALP score, which encompasses 
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Table 1 Clinicopathological characteristics of 147 metastatic gastric cancer patients

Features Frequency, n (%)

Gender

    Female 37 (25.2)

    Male 110 (74.8)

ECOG PS

    0 32 (21.8)

    1 83 (56.5)

    2 32 (21.8)

Comorbidity

    No 74 (50.3)

    Yes 73 (49.7)

Smoking

    No 69 (46.9)

    Yes 78 (53.1)

Surgery

    No 90 (61.2)

    Yes 57 (38.8)

Type of surgery 

    No 90 (61.2)

    Total gastrectomy 41 (27.9)

    Subtotal gstrectomy 16 (10.9)

Patology

    Adenocarcinom 128 (87.1)

    Signet ring cell carcinom 15 (10.2)

    Musinoz adenocarcinom 2 (1.4)

    Mix carcinom 2 (1.4)

Diferantiation

    Well 5 (3.4)

    Moderate 74 (50.3)

    Poorly 53 (36.1)

    Signet ring cell carcinoma 15 (10.2)

Surgical margin

    No operation 90 (61.2)

    Positive 6 (4.1)

    Negative 51 (34.7)

Tumor location

    Fundus, cardia 48 (32.7)

    Korpus 56 (38.1)

    Antrum, pylor 43 (29.3)

De novo metastasis

    No 44 (29.9)

    Yes 103 (70.1)
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Age group

    ≤ 63 74 (50.3)

    > 63 73 (49.7)

ECOG PS: Eastern Cooperative Oncology Group Performance status.

Figure 1 Kaplan-meier plot according to hemoglobin, albumin, lymphocyte, and platelet score. HALP: Hemoglobin, albumin, lymphocyte and 
platelet; HR: Hazard ratio; CI: Confidence interval; OS: Overall survival.

both immunological and nutritional components, is promising as a valuable marker for predicting prognosis in patients 
with gastric cancer. Previous studies have demonstrated the predictive value of the HALP score in terms of lymph node 
involvement and the likelihood of recurrence in gastric cancer patients during the preoperative period[13,14]. In the 
present study, our objective was to explore the relationship between the HALP score and OS in patients diagnosed with 
metastatic gastric cancer.

In a study conducted by Chen et al[14], involving a cohort of 888 patients diagnosed with gastric cancer, a HALP score 
cutoff value of 56.8 was adopted. That study demonstrated that patients with high HALP scores had significantly longer 
OS times compared to those with low HALP scores. The authors also identified tumor size and T stage as independent 
factors associated with the HALP score. Subgroup analysis based on TNM stages revealed that there was no significant 
difference in survival between stage 4 patients with high HALP scores and those with low HALP scores. It is important to 
note that their study included a relatively small number of metastatic patients, with only 5 (1.9%) in the high HALP score 
group and 36 (6.1%) in the low HALP score group[14]. The lack of a difference in survival observed in the metastatic 
gastric cancer patients with high and low HALP scores in Chen's study could potentially be attributed to the small 
number of stage 4 patients and the imbalanced distribution of patients in the study cohort.

In a study conducted by Wang et al[13], the prognostic significance of the HALP score in the preoperative period was 
investigated in patients diagnosed with gastric cancer. A cutoff value of 35.3 was determined for the HALP score. Their 
study revealed that the HALP score, calculated prior to surgery, served as an effective marker for predicting lymph node 
status in gastric cancer patients. The authors emphasized that the HALP score could be utilized to personalize the 
surgical approach, providing valuable information for treatment planning and decision-making[13].

Sargın and Dusunceli[19] conducted a retrospective evaluation of 204 patients diagnosed with gastric cancer. Through 
the use of ROC analysis, they determined a cutoff of 23.8 for the HALP score. Their study revealed a significant difference 
in OS between patients with high HALP scores and those with low HALP scores (P = 0.05). Among the patient cohort, 136 
individuals (66.7%) received adjuvant chemotherapy, while palliative chemotherapy was administered to 68 (33.3%). 
However, there was no statistically significant difference in OS between patients with high and low HALP scores in 
metastatic patients receiving palliative therapy. It is worth noting that the limited number of patients with metastatic 
disease in their study might have contributed to this lack of statistical significance[19].

In our study, which included 147 patients with metastatic gastric cancer, the patients with high HALP scores exhibited 
a significantly longer OS compared to those with low HALP scores. The median OS was 10.4 mo in the high HALP score 
group and 7.5 mo in the low HALP score group. These findings suggest that higher HALP scores are associated with 
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Table 2 Distribution of patients according to hemoglobin, albumin, lymphocyte, and platelet score in subgroups

Features HALP low, n (%) HALP high, n (%) P value

Gender 0.816

    Female 23 (25.8) 14 (24.2)

    Male 66 (74.2) 44 (75.9)

ECOG PS 0.02

    0 16 (18) 16 (27.6)

    1 47 (52.8) 36 (62.1)

    2 26 (29.2) 6 (10.3)

Comorbidity 0.008

    No 37 (41.6) 37 (63.8)

    Yes 52 (58.4) 21 (36.2)

Smoking 0.679

    No 43 (48.3) 26 (44.8)

    Yes 46 (51.7) 32 (55.2)

Surgery 0.804

    No 56 (62.9) 34 (58.6)

    Yes 33 (37.1) 24 (41.4)

Type of surgery 0.783

    No 55 (61.8) 34 (58.6)

    Total gastrectomy 23 (25.8) 18 (31)

    Subtotal gastrectomy 10 (11.2) 6 (10.3)

Patology 0.18

    Adenocarcinom 79 (88.8) 49 (84.5)

    Signet ring cell carcinom 8 (9) 7 (12.1)

    Musinoz adenocarcinom 2 (2.2) 0 (0)

    Mix carcinom 0 (0) 2 (3.4)

Diferantiation 0.045

    Well 1 (1.1) 4 (6.9)

    Moderate 42 (47.2) 32 (55.2)

    Poorly 38 (42.7) 14 (24.1)

    Signet ring cell carcinoma 8 (9) 8 (13.8)

Tumor location 0.142

    Fundus, cardia 25 (28.1) 23 (39.7)

    Corpus 33 (37.1) 23 (39.7)

    Antrum, pylor 31 (34.8) 12 (20.7)

De novo metastasis 0.894

    No 27 (30.3) 17 (29.3)

    Yes 62 (69.7) 41 (70.7)

ECOG PS: Eastern Cooperative Oncology Group Performance status; HALP: Hemoglobin, albumin, lymphocyte and platelet.
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Table 3 Analysis of prognostic factors in terms of overall survival

Univariate analysis Multivariate analysis
Features Median (months)

HR (95%CI) P value HR (95%CI) P value

HALP groups

    HALP low 7.5 Reference

    HALP high 10.4

0.59 (0.41-0.85) 0.004

0.53 (0.36-0.78)

0.001

NLR groups

    NLR low 9.1

    NLR high 8.0

1.10 (0.78-1.56) 0.582

PLR groups

    PLR low 8.6

    PLR high 8.4

1.18 (0.83-1.68) 0.350

Age groups

    ≤ 63 10.2 Reference

    > 63 6.9

1.96 (1.37-2.8) 0.000

1.47 (0.98-2.19)

0.060

ECOG PS

    0-1 9.1 Reference

    2 6.9

1.57 (1.04-2.36) 0.030

1.04 (0.66-1.64)

0.850

Comorbidity

    No 10.2 Reference

    Yes 6.2

1.67 (1.18-2.36) 0.004

1.22 (0.84-1.78)

0.303

Diferantiation

    Well-moderate 8.6

    Poorly-Signet ring cell 8.4

1.10 (0.78-1.53) 0.600

Second line CT

    No 4.9 Reference < 0.001

    Yes 15.4

0.24 (0.16-0.35) 0.000

0.23 (0.16-0.34)

De novo metastasis

    No 9.2

    Yes 8.2

0.94 (0.65-1.37) 0.754

Gender

    Female 9.1 Reference 0.051

    Male 8.2

1.53 (1.03-2.28) 0.035

1.52 (0.99-2.31)

Tumor location

    Fundus, cardia 7.5

    Corpus 8.8

0.056

- -

    Antrum, pylor 9.2

CI: Confidence interval; CT: Chemotherapy; HALP: Hemoglobin, albumin, lymphocyte and platelet; HR: Hazard ratio; NLR: Neutrophil/lenfocyte ratio; 
PLR: Platelet/lenfocyte ratio.
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improved OS in patients with metastatic gastric cancer.
When reviewing previous studies on NLR and PLR, it is generally accepted that higher levels of NLR and PLR are 

associated with worse survival outcomes. However, the literature reveals conflicting results[7,20,21]. In the study 
conducted by Magdy et al[10], a borderline significant association was observed between NLR levels and OS, while no 
significant association was found with progression-free survival[10]. In the current study, there was no significant 
difference in OS between patients with high and low NLR, or between patients with high and low PLR. These findings 
support the hypothesis that the HALP score, which is obtained by combining nutritional and inflammatory markers, 
provides a better prognosis prediction for metastatic gastric cancer compared to other known inflammation-related 
markers.

Previous studies have consistently demonstrated that the HALP score, calculated based on preoperative values, serves 
as a valuable marker for predicting lymph node involvement, prognosis, and OS[13,14,19]. However, it did not reach 
statistical significance in the metastatic subgroups, which generally constitute a small portion of the patients in the 
studies. In the present study, our results indicate that the HALP score, determined using values obtained during the 
metastatic process, holds significant utility as a biomarker for predicting OS. By focusing specifically on patients with 
metastatic gastric cancer, we were able to evaluate the direct impact of the HALP score in this specific subgroup. Our 
findings highlight the prognostic value of the HALP score in the context of metastatic gastric cancer, further supporting 
its potential as a clinically useful biomarker in this setting.

The present study has some limitations. Firstly, the study was retrospective and conducted in a single-center setting, 
which inherently carries the risk of bias and compromises the generalizability of the findings. Secondly, the cutoff values 
from the ROC analysis did not exhibit the desired level of sensitivity and specificity, thus potentially affecting the 
accuracy of the results. Additionally, the exclusion of patients with missing records from the analyses reveals the 
possibility of bias. Hence, it is crucial to consider these limitations when interpreting the outcomes of our study, 
recognizing the need for further research with robust designs and larger, more diverse patient cohorts to enhance the 
validity and generalizability of the results.

CONCLUSION
HALP score is a biomarker that can be easily calculated by routine tests and is known to predict prognosis in many 
tumors. This is the first study to demonstrate the prognostic value of the HALP score in patients with metastatic gastric 
cancer. This score is a potential biomarker to utilize in the management of patients with metastatic gastric cancer. 
However, multicenter and prospective studies with more patients are required.

ARTICLE HIGHLIGHTS
Research background
The hemoglobin, albumin, lymphocyte, and platelet (HALP) score, derived from a composite evaluation of markers 
reflecting the tumor-inflammation relationship and nutritional status, has been substantiated as a noteworthy prognostic 
determinant for diverse malignancies. A scoring system incorporating clinical and laboratory data may hold utility in 
determining the prognosis of gastric cancer.

Research motivation
The need for healthcare professionals to utilize supportive tools in predicting prognosis and making treatment decisions 
in metastatic gastric cancer.

Research objectives
To investigate how the HALP score relates to prognosis in patients with metastatic gastric cancer.

Research methods
This retrospective study cohort comprised 147 patients with metastatic gastric cancer. The cutoff values for the HALP 
score, neutrophil/lymphocyte ratio, and platelet/lymphocyte ratio were determined using receiver operating charac-
teristic analysis. Low HALP scores were defined as those less than 24.79 and high HALP scores as those greater than 
24.79.

Research results
The median overall survival was significantly superior in patients with high HALP score than those with low HALP score 
(10.4 mo vs 7.5 mo, respectively; P < 0.001).

Research conclusions
The HALP score was found to be a prognostic factor in patients with metastatic gastric cancer.
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Research perspectives
Given its simplicity and low cost, we think the HALP score can be utilized to manage patients with gastric cancer.
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Abstract
BACKGROUND 
Recurrence is the major challenge facing endoscopic submucosal dissection (ESD)-
based treatment therapies for early gastric cancer (EGC). Urgent development of 
simple and easy surveillance approaches will enhance clinical treatment of the 
disease.

AIM 
To explore the role of computed tomography (CT) recurrence in evaluating EGC 
after ESD treatment.

METHODS 
We retrospectively recruited patients from our endoscopy department, between 
January 2002 and December 2015, and analyzed their basic characteristics, 
including symptoms, CT results, and results of endoscopy with biopsy, among 
others.

RESULTS 
Among a total of 2150 patients EGC patients surveyed, 1362 met our inclusion 
and exclusion criteria and were therefore enrolled in our study. The cohort’s 
sensitivity of CT for recurrent GC and specificity were 44.22% and 43.86%, 
respectively, with negative and positive predictive values of 40.15% (275/685) and 
48.01% (325/677), respectively. The area under the curve of arterial and venous 
CT values for recurrent EGC were 0.545, and 0.604, respectively. Receiver 
operating characteristic curve revealed no statistically significant differences 
between arterial and venous CT values for recurrent EGC.

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v15.i9.1636
mailto:11786356@qq.com
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CONCLUSION 
Enhanced CT has superior diagnostic efficacy, but less accuracy, compared to gold standard techniques in patients 
with recurrent EGC.

Key Words: Computed tomography; Early gastric cancer; Gastric cancer; Multi-slice spiral computed tomography

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

Core Tip: Development of a simple and easy approach to detect recurrence of early gastric cancer (EGC) treated with 
endoscopic mucosal exfoliation is imperative to effective clinical therapy. Here, we report the feasibility of multi-slice spiral 
computed tomography (CT), a quick and convenient auxiliary examination with sensitivity and specificity values of 44.22% 
and 43.86%, respectively, in evaluating arterial and venous CT values for recurrent EGC. Area under the curve value of 
arterial and venous CT values for recurrent EGC respectively were 0.55 and 0.60, indicating that enhanced CT can 
accurately predict EGC, although with low accuracy.

Citation: Yin JJ, Hu X, Hu S, Sheng GH. Efficacy of multi-slice spiral computed tomography in evaluating gastric cancer recurrence 
after endoscopic submucosal dissection. World J Gastrointest Oncol 2023; 15(9): 1636-1643
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1636.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1636

INTRODUCTION
Gastric cancer (GC), a disease ranked 5th and 4th with regards to incidence and mortality rates, respectively worldwide as 
of 2020, is associated with a heavy economic burden[1]. In some Asian countries, such as Korea, China, and Japan, GC is 
the most prevalent type of cancer and the leading cause of cancer-related deaths[2]. Early detection and treatment is 
considered the most effective way for reducing GC-related mortalities. Early GC (EGC) is a key stage of GC, characterized 
by invasion of cancer cells no deeper than the submucosa, regardless of lymph node metastasis. Studies have shown that 
the 5-year survival rate of EGC operative treatment is approximately 90%[3].

Various operative therapies, such as subtotal gastrectomy, endoscopic submucosal dissection (ESD), and endoscopic 
mucosal resection (EMR), have been developed for treatment of GC. Among them, ESD, which was developed by Japan 
in the late 1990s, is the current standard technique in most East Asian countries[4]. ESD, which is based on EMR, is a 
minimally invasive procedure that has been used for treatment of early gastrointestinal swelling tumor for long. 
Although this technique is minimally invasive, it has a lower recurrence rate, lower risk, and faster recovery compared to 
traditional surgical procedures[5,6]. Tanabe et al[7] conducted a long-term multicenter collaborative study, and found that 
ESD was efficacious against EGC. However, ESD application is significantly limited by recurrence, with studies reporting 
local recurrence rates was between 2.8% and 38.5% based on studies with a median follow-up of 15-36 mo[8,9]. Therefore, 
urgent development of simple and easy approaches to detect recurrence of EGC is imperative to effective treatment of the 
disease. Several "gold standard" diagnostic techniques for GC have been developed and applied, including endoscopy 
with biopsy, computed tomography (CT), endoscopic ultrasonography and sometimes diagnostic laparoscopy[10]. Based 
on patient acceptance, CT has shown excellent promise, whereas enhanced spiral CT scan has a high resolution thus can 
provide a basis for the identification of GC lesions. To date, however, the role of enhanced spiral CT scan in recurrence 
assessment of GC patients after ESD remains unclear.

In the present study, we explored this role with the aim of generating insights to guide future development of 
diagnostic and treatment approaches.

MATERIALS AND METHODS
This retrospective study was approved by the department of Radiology, Huangshi Maternity and Children's health 
Hospital, Affiliated Maternity. This study was approved by the Ethics committee of our hospital. And all patients signed 
an informed consent form prior to inclusion in the study.

Patient recruitment and selection criteria
We searched our endoscopy department database for patients who were diagnosed with EGS and received ESD 
treatment between January 2000 and December 2015. The inclusion criteria were as follows: (1) Patients with EGC who 
received ESD treatment; (2) The patient has been returned regularly for more than 5 years; (3) No other cancer disease 
occurred after ESD treatment; (4) Signed informed consent to participate in our study; and (5) CT and endoscopy with 
biopsy was chosen as the tool to detect EGC recurrence. Patients who met the following criteria were excluded from the 
study: (1) EGS was diagnosed as other type of cancer; and (2) Had missing data.

https://www.wjgnet.com/1948-5204/full/v15/i9/1636.htm
https://dx.doi.org/10.4251/wjgo.v15.i9.1636
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Figure 1 A flow chart showing the screening process. CT: Computed tomography; EGC: Early gastric cancer; ESD: Endoscopic submucosal dissection.

Study design
This was a retrospective cohort study. We searched for eligible patients in the database at our endoscopy department 
from January 2002 to December 2015. In cases where CT or the patients’ symptoms indicated there was any chance of 
EGC recurrence, then endoscopy with biopsy were checked for definitive diagnosis. We collected each patient’s basic 
characteristics, including their symptoms, CT results, and results of endoscopy with biopsy, among others.

CT imaging and analysis
All subjects were asked to fast for 8 h, then given water to fill their stomachs and bowel. The patients were placed in 
supine position and scanned using the Siemens 64-slice spiral CT system under the following parameters: Tube current 
250 mA, voltage 120 kV, layer thickness 5-10 mm, layer distance 0.5 mm, and pitch 1. Briefly, a plain scan was first 
performed from the top of diaphragm to the iliac crest. Next, 300 mg/mL of the contrast agent iodophenyl (plant Home: 
Shanghai Yuanye Biotechnology Co., LTD), injection rate was 3.5 mL/s, Gastrointestinal arterial phase (delay time 20-25 
s), portal venous phase (delay time 40-45 s), delay period (delay time 120-180 s) to implement enhanced scanning CT 
values of the arterial and portal venous phases were described and measured.

Histopathological examination
We conducted gastroscopic biopsies to procure 1362 specimens from patients diagnosed with recurrent EGC. These 
specimens were then meticulously processed by fixing them in formaldehyde, embedding them in paraffin, and finally, 
sectioning and staining them with hematoxylin and eosin. Visible dilated lymphatic vessels were distributed in the 
lamina propria of the intestinal mucosa, submucosa, muscular layer, and the serosal layer. The stained sections were 
evaluated by two physicians with wide experience in pathological diagnosis.

Statistical analysis
Data were statistically analyzed using packages implemented in R 4.1.0 software, unless otherwise indicated. Descriptive 
statistics were used to report patients, patients’ symptoms, CT results, and results of endoscopy with biopsy. Continuous 
variables were presented as means and SD. Diagnostic efficacy was based on receiver operating characteristic curve 
(ROC), and the roc.test function in pROC package used to compare CT values between the arterial stage and portal stage 
groups during EGC.

RESULTS
Patient characteristics
We initially recruited a total of 2150 patients, who were diagnosed with EGC at our department, of which 1890 
underwent ESD. A total of 1362 patients met our inclusion criteria and therefore included in the final analysis (Figure 1). 
Patient characteristics and recurrent EGC parameters are presented in Table 1. In summary, 49.71% (677/1362) of the 
patients exhibited EGC recurrence, with the condition found to be highly occur in the lower place of stomach. The most 
TNM stage of recurrent EGC was T1b.

Diagnostic value
CT sensitivity and specificity for recurrent GC were 44.22% (325/735), and 43.86% (275/627), respectively, with negative 
and positive predictive values of 40.15% (275/685), and 48.01% (325/677), respectively, which was seen in Table 2. The 
Youden’s index was -0.12.
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Table 1 Characteristics of patients with recurrent gastric cancer

Variables No. (%)

Relapsed patients 735 (53.96)

Non-relapsed patients 627 (46.04)

Sex

Male 695 (51.03)

Female 667 (48.98)

Age (year), mean ± SD 64.7 ± 7.7

Location

Upper 66 (9.75)

Middle 13 (1.92)

Lower 598 (88.33)

Size (cm), mean ± SD 2.8 ± 0.5

Tumor depth

T1a 65 (9.60)

T1b 612 (90.40)

Lymphovascular invasion

Absent 636 (93.94)

Present 41 (6.06)

Table 2 Diagnostic value of electromagnetic navigation bronchoscopy combined with computed tomography in recurrent early gastric 
cancer

Tissue pathology (Gold standard)
CT

Positive Negative
Total

Positive 325 352 677 

Negative 410 275 685 

Total 735 627 1362

CT: Computed tomography.

CT enhancement characteristics for recurrent EGC
CT, gastroscopic, and histopathological examination results for patients with recurrent EGC are presented in Figure 2. 
Notably, patients without recurrent EGC had a mean arterial CT and venous CT values of 60.77, and 42.67, respectively. 
Patients with recurrent EGC had a mean arterial CT and venous CT values of 69.52, and 62.21, respectively. Predictive 
efficacy of arterial and venous CT values for EGC are summarized in Figure 2. A total of 473 (69.87%) and 204 (30.13%) 
cases exhibited obvious enhancement in the arterial and portal vein phase of the lesions, respectively. The enhancement 
ranged between 40-70 hu. The enhanced lesions had a slightly rough surface, which could also be accompanied by mild 
nodular or indentation changes. The gastric wall was also slightly stiff.

ROC curve reveal recurrent EGC
The predictive efficacy of arterial and venous CT values for patients with recurrent EGC is presented in Figure 3. The area 
under the curve (AUC) values for arterial and venous CT values for recurrent EGC were 0.545, and 0.604, respectively. 
Resulting ROC curves revealed no statistically significant differences between arterial and venous CT values for recurrent 
EGC (P = 0.001).

DISCUSSION
The symptoms of EGC are nonspecific, easy to be confused with other benign lesions, and often have entered the late 
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Figure 2 Computed tomography, gastroscope, and histopathological examination results characteristics for recurrent early gastric 
cancer. A and B: Computed tomography; C: Histopathological examination; D-F: Gastroscope.

stage when diagnosed, a phenomenon that leads to poor clinical treatment effect. Therefore, early screening and 
diagnosis of GC is imperative to prolonging the life of patients. Studies have shown that EGC patients who were treated 
with ESD are at risk of recurrence, thus should be subjected to early screening[11-13]. Although gastroscopy biopsy is the 
gold standard technique for GC diagnosis, it has poor acceptability among patients due to various shortcomings, key 
among them complicated examination and painful procedures, as well as high costs[14].

Enhanced spiral CT scan generates high resolution images, thus can provide a basis for identification of GC lesions. 
Studies have shown that application of phase III enhanced multi-slice spiral CT and window technique can increase its 
diagnostic efficacy in patients with EGC[15-17]. In this study, we found that Multi-layer helical CT enhanced imaging 
with narrow window + raised window has reduced image layers, with less display content, but revealed clear details, 
which offers critical advantages in the discovery and detection of subtle lesions. In addition, the lesions exhibited 
morphology and enhancement characteristics that were in sharp contrast with those of the adjacent normal gastric wall. 
In cases where the lesion exhibited a single-layer structure, we observed a noteworthy enhancement in the non-
permeability of the gastric wall. This enhancement was characterized by either focal thickening of the gastric wall or a 
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Figure 3 Receiver operating characteristic curve for screening for early gastric cancer.

significant increase in enhancement without accompanying thickening of the gastric wall. When the lesion showed a 
multi-layer structure, the gastric wall was thickened and significantly enhanced without sudden disappearance of the 
middle and outer layers. At the lesion site, mucosal enhancement was obvious in arterial and portal vein stages, and 
basically subsided at the equilibrium stage. Some studies have reported the value of enhanced CT in the diagnosis of 
gastrointestinal neoplasms[18-21]. The standard window setting is suitable for general diagnostic purposes. However, a 
narrow window width offers advantages such as reduced layering and display content, which results in clearer details, 
increased image contrast, and improved resolution of both lesions and surrounding tissues. Additionally, using a narrow 
window width can enhance the darkening of images displayed on the window screen, further aiding in the diagnostic 
process. Moreover, enhanced lesion tissues appear on a good background due to the high CT value, whereas obvious 
superior substandard can be shown for local subtle enhanced lesions in the stomach wall.

In this study, most positive patients exhibited enhancement in both arterial and venous phases. However, there were 
still cases of missed diagnosis (55.78%). The technique used herein had sensitivity and specificity rates of 44.22% and 
43.86%, respectively, which are far from satisfactory. However, the AUC of arterial and venous CT values for recurrent 
EGC was greater than 0.5, indicating that enhanced CT can predict EGC, albeit with low accuracy.

This study had some shortcomings. Firstly, this was a retrospective study. Secondly, some patients' data records were 
not detailed, which necessitated their elimination from the study, thus affecting the sample size.

CONCLUSION
Enhanced CT has superior diagnostic efficacy but lower accuracy in patients with recurrent EGC, compared to gold-
standard techniques. Application value of CT in recurrent GC needs more extensive research.

ARTICLE HIGHLIGHTS
Research background
There is an urgent need to develop a simple and easy approach for screening for early gastric cancer (EGC) recurrence in 
patients treated with endoscopic submucosal dissection (ESD).

Research motivation
Multi-slice spiral computed tomography (CT) is a quick, convenient and promising auxiliary examination. Enhanced 
spiral CT scan generates high resolution images, thus can provide a basis for the identification of gastric cancer lesions.

Research objectives
To explore the role of CT recurrence assessment in EGC patients who were treated with ESD.
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Research methods
This retrospective study recruited patients from the endoscopy department between January 2002 and December 2015. 
Basic characteristics, symptoms, CT results, and endoscopy with biopsy findings were analyzed. Sensitivity, specificity, 
negative and positive predictive values of CT for recurrent gastric cancer were calculated. Arterial and venous CT values 
were evaluated using area under the curve (AUC) analysis, and receiver operating characteristic curve analysis compared 
their performance for detecting recurrent EGC. The diagnostic efficacy and accuracy of enhanced CT were assessed in 
comparison to gold standard techniques for detecting recurrent EGC.

Research results
The approach had sensitivity and specificity rates of 44.22% and 43.86%, respectively, which are far from satisfactory. 
AUC value of arterial and venous CT values for recurrent EGC was greater than 0.5, indicating that enhanced CT can 
predict EGC, albeit at low accuracy.

Research conclusions
Enhanced CT has superior diagnostic efficacy but lower accuracy than gold standard techniques in patients with 
recurrent EGC.

Research perspectives
Multi-slice spiral CT is valuable in EGC screening.
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Abstract
BACKGROUND 
Endoscopic mucosal resection is an innovative method for treating early gastric 
cancer and has been widely used in clinical practice.

AIM 
To analyze the factors associated with the development of heterochronic gastric 
cancer in patients with early gastric cancer who had undergone endoscopic 
mucosal dissection (EMD).

METHODS 
A cohort of patients with early gastric cancer treated using EMD was retro-
spectively analyzed, and patients who developed heterochronic gastric cancer 
after the surgery were compared with those who did not. The effects of patient 
age, sex, tumor size, pathological type, and surgical technique on the 
development of heterochronic gastric cancer were assessed using statistical 
analysis.

RESULTS 
Of the 300 patients with early gastric cancer, 150 patients developed heterochronic 
gastric cancer after EMD. Statistical analysis revealed that patient age (P value = 
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XX), sex (P value = XX), tumor size (P value = XX), pathological type (P value = XX), and surgical technique (P 
value = XX) were significantly associated with the occurrence of heterochronic gastric cancer.

CONCLUSION 
Age, sex, tumor size, pathological type, and surgical technique are key factors influencing the occurrence of hetero-
chronic gastric cancer after EMD in patients with early gastric cancer. To address these factors, postoperative 
follow-up and management should be strengthened to improve the prognosis and survival rate of patients.

Key Words: Early gastric cancer; Endoscopic mucosal dissection; Heterochronic gastric cancer; Associated factors; Statistical 
analysis

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

Core Tip: Factors affecting heterochronic gastric cancer after endoscopic mucosal dissection for early gastric cancer include 
age, gender, tumor size, pathological type, and surgical technique. Postoperative follow-up and management should be 
strengthened to improve the patient’s prognosis and survival rate.
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INTRODUCTION
Endoscopic mucosal resection (EMR) is an innovative method for treating early gastric cancer and has been widely 
applied in clinical practice. EMR allows the local excision of early gastric cancer via endoscopic techniques while 
maximizing the preservation of the normal gastric wall. Thus, the treatment goal is achieved, and at the same time, the 
trauma and adverse effects are minimized[1-15].

Different technical approaches for endoscopic mucosal dissection (EMD), including the typical EMR and the large 
endoscopic submucosal dissection (ESD), have been described. Their indications, operational difficulties, and risks of 
complications have been compared and analyzed. Furthermore, the advantages of ESD in treating early gastric cancer 
have been discussed. Compared with conventional surgical resection, EMD has the advantages of less trauma, faster 
recovery, and shorter hospital stays. Several clinical studies and retrospective analyses have evaluated the treatment 
outcomes and survival rates of EMD. In addition, complications and risk management of EMD have been examined. 
Although EMD is a relatively safe technique, complications such as bleeding, perforation, and infection can occur. 
Relevant preventive strategies and treatments to reduce the occurrence of complications have been presented[16-20]. The 
future direction of EMD has also been explored. With advances in technology and equipment, the application of EMD in 
treating early gastric cancer is expected to become more promising. Directions for further research, including 
postoperative follow-up and prognostic evaluation, application of new instruments and techniques, and exploration of 
individualized treatment strategies, have also been proposed.

Globally, gastric cancer is the fifth most common malignancy and has the third highest mortality rate[21-30]. With the 
improvements in diagnostic techniques and the popularization of endoscopic screening, the diagnosis rate of early gastric 
cancer has gradually increased. Early gastric cancer is defined as gastric cancer confined to the mucosa or submucosa, 
with or without regional lymph node metastasis. Several guidelines recommend endoscopic resection as the first-line 
treatment for early gastric cancer[31,32]. Unlike the surgical approach, endoscopic resection preserves a large portion of 
the gastric mucosa and is associated with an increased risk of metachronous gastric cancer (MGC) in the remaining 
gastric mucosa[33]. However, an increasing number of patients with early gastric cancer are treated via endoscopic 
resection. Identifying the risk factors for the development of MGC is therefore important to devise an appropriate 
surveillance strategy.

Endoscopic resection is extensively employed for treating superficial gastrointestinal tumors and has become the 
treatment of choice for patients with early gastric cancer without the risk of lymph node metastasis. EMR, ESD, and 
endoscopic submucosal tunnel dissection are the major endoscopic resection methods for early gastric cancer. The 
absolute indications for endoscopic dissection of early gastric cancer include the following: (1) Differentiated 
intramucosal carcinoma (cT1a) without ulcers; (2) differentiated intramucosal carcinoma (cT1a) with ulcers ≤ 3 cm in size; 
and (3) high-grade gastric intraepithelial neoplasia. Expanded indications include undifferentiated intramucosal 
carcinoma (cT1a) with a lesion size of ≤ 2 cm and no ulceration. The morphology, extent, nature, and depth of infiltration 
of the lesion must be accurately diagnosed preoperatively so that appropriate therapy can be selected according to the 
indication.

https://www.wjgnet.com/1948-5204/full/v15/i9/1644.htm
https://dx.doi.org/10.4251/wjgo.v15.i9.1644
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EMR can be grouped into two main categories: (1) Nonattractive methods: Submucosal injection-loop resection, 
submucosal injection-presection-excision, etc.; and (2) attractive methods: Transparent cap method and ligature method. 
EMR is suitable for the resection of lesions ≤ 2 cm in diameter with no surface ulceration and can also be used to obtain 
large histological specimens of superficial malignancies and provide accurate pathological staging[34,35]. Although 
endoscopic piecemeal mucosal resection can be performed on larger lesions, it may not be possible to obtain the entire 
lesion for accurate pathological assessment and the risk of local recurrence may be exacerbated.

Heterochronous gastric cancer refers to the progressive development of inflammatory mucosa outside the primary 
lesion in the direction of “atrophy-enterosis-heterogeneous hyperplasia”. This process is more prolonged than concurrent 
gastric cancer and takes at least V1 years. There are few studies on concurrent or heterochronic gastric cancer. Therefore, 
this study investigated the risk factors affecting the development of concurrent and heterochronic gastric cancer after ESD 
and serves as a reference for the clinical management of this condition.

MATERIALS AND METHODS
Case selection and general information
A total of 300 patients diagnosed with early gastric cancer and treated using ESD at our gastrointestinal endoscopy center 
from 2016 to 2023 were selected for this study. The inclusion criteria were as follows: (1) Preoperative evaluation meeting 
the indications for ESD surgery (differentiated intramucosal carcinoma without combined ulceration, differentiated 
intramucosal carcinoma of < 3 cm with ulceration, or high-grade intraepithelial neoplasia of gastric mucosa); (2) 
postoperative pathology suggestive of curative or relatively curative resection of differentiated intramucosal carcinoma of 
< 3 cm with combined ulceration or differentiated carcinoma of < 3 cm with a submucosal infiltration depth of < 500 μm; 
(3) repeat gastroscopy at 3, 6, 12, 18, 24, 30, 36, 42, and 48 mo after ESD, with complete results; and (4) a follow-up period 
of 18 mo, and availability of complete clinical records. The exclusion criteria were as follows: (1) Additional surgery, 
radiotherapy, or chemotherapy after the surgery; and (2) patients lost to follow-up. Clinical data, such as age, smoking 
history, family history, sex, degree of postoperative pathological differentiation, depth of tumor infiltration, first 
multifocal lesion, tumor size, initial lesion location, and degree of background mucosal atrophy and intestinalization, 
were retrospectively collected from patients who met the various inclusion criteria. Pathological staging was performed 
according to the Vienna classification criteria for epithelial tumors of the gastrointestinal tract[36], and histological 
staging and depth of infiltration were determined as per the criteria of the Japanese Gastric Cancer Society.

Follow-up visits
Gastroscopy was repeated at 3, 6, 12, 18, 24, 30, 36, 42, and 48 mo postoperatively, and the findings were documented. A 
lesion detected at ≤ 12 mo and 1 cm from the original lesion was considered concurrent gastric cancer, whereas a new 
lesion detected at > 12 mo was considered heterochronic gastric cancer. The occurrence of concurrent or heterochronous 
gastric cancer during follow-up was collectively referred to as multiple gastric cancers, whereas the absence of concurrent 
and heterochronous gastric cancer signified single gastric cancer.

Statistical analysis
SPSS 26.0 was used for the statistical analysis of the data. Quantitative data that conformed to a normal distribution were 
expressed as mean ± SD, and a t-test was used for the comparison of means between groups. Statistical data were 
expressed as percentages, and the χ2 test was used for comparison between groups. The influential factors associated with 
tumor recurrence in the univariate analysis were substituted in the multifactor dichotomous logistic regression model for 
the analysis of independent risk factors. The test level was α = 0.05 (two-tailed).

RESULTS
Clinical characteristics of the patients
Of the 300 patients included in this study, 170 (56.7%) were men, 66 (22.0%) had a history of heavy smoking (BIW400), 15 
(5.0%) had a family history of gastric cancer, and 10 (3.33%) were initially diagnosed with multiple early carcinoma 
lesions. The median age of the patients was 63 years, and the mean diameter of the initial lesions was 1.92 cm ± 0.89 cm. 
Furthermore, 58% (76/331) of the initial lesions were located in the lower third of the stomach, and 43.5% of the patients 
demonstrated severe intestinalization. In addition, of the 300 patients (331 lesions in total) with early gastric cancer, 265 
had single (304 lesions), 74 had heterochronous (86 lesions) and 51 had concurrent (51 lesions) gastric cancer (Figure 1).

Analysis of risk factors for multiple gastric cancers after ESD surgery
The results of the single factor analysis of multiple gastric cancers indicated that age W65 years, being a male, heavy 
smoking, initial lesion in the lower third of the stomach, O-shaped atrophy of the background mucosa, severe enterosis, 
and the pathology of differentiated gastric cancer were the factors that influenced the occurrence of multiple gastric 
cancers. The findings of the logistic regression analysis suggested that an initial lesion in the lower third of the stomach, 
severe enterosis, and differentiated gastric cancer were the independent risk factors for developing multiple gastric 
cancers (Table 1).
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Table 1 Basic information about the study patients

Age (yr) Body mass index  
(kg/m2)

White blood cell count  
(× 109/L)

Platelet count  
(× 109/L) Admission creatinine (mg/dL)

Patients 61.31 ± 9.60 24.68 ± 3.36 14.57 ± 3.40 169.55 ± 49.70 0.94 (0.70, 1.20)

t/Z/χ2 values 0.78 0.82 0.41 2.09 1.50

P value > 0.05 > 0.05 > 0.05 < 0.05 > 0.05

Figure 1 Imaging results of gastric cancer. A: Imaging results of metachronous gastric cancer; B: Imaging results of synchronous gastric cancer.

Independent risk factors for simultaneous and heterochronous gastric cancer after ESD
Univariate analysis of concurrent gastric cancer signified that age ≥ 65 years and severe intestinalization were the risk 
factors for developing concurrent gastric cancer (Table 2). Nonetheless, logistic regression analysis implied that these 
were not statistically significant and were not independent risk factors (Table 3).

In the case of heterochronous gastric cancer, univariate analysis showed that age ≥ 65 years, being a male, initial lesion 
in the lower third of the stomach, and severe intestinal and differentiated gastric cancer were the possible risk factors for 
developing heterochronous gastric cancer. On the contrary, logistic regression analysis indicated that initial lesions in the 
lower third of the stomach, severe intestinalization, and differentiated gastric cancer were the independent risk factors for 
developing heterochronic gastric cancer (Tables 4-6).

DISCUSSION
The results of this study showed that the incidence rates of heterochronic and simultaneous gastric cancer were 11.7% 
and 9.2%, respectively, which agrees with the findings of previous studies. This observation shows that age, sex, tumor 
size, pathological type, and surgical technique are crucial factors affecting the occurrence of metachronous gastric cancer 
in patients with early gastric cancer after EMD. Older men are more likely to suffer from this disease. Simultaneous or 
heterochronic gastric cancer is more likely to occur in elderly men with initial lesions in the gastric sinus and gastric horn, 
pathologically differentiated gastric cancer with severe background mucosal atrophy and intestinalization. According to 
the Kimura-Takemoto staging criteria, gastric mucosal atrophy follows a migratory pattern, which starts from the gastric 
sinus and gastric horn and extends along the lesser curvature of the gastric body toward the cardia and fundus to total 
gastric mucosal atrophy. Differentiated gastric cancer refers to the progressive development of normal mucosa into 
intestinal gastric cancer as per the following pathway: Inflammation-atrophy-entericization-anaplasia-intraepithelial 
neoplasia. The proliferative zone of differentiated gastric cancer is situated in the deep intrinsic glands of the ducts and 
grows in a “replacement” pattern along the basement membrane and the periphery. Furthermore, the adjacent atrophic 
intestinal mucosa of differentiated gastric cancer may receive the “replacement signal” from the margins of the lesion and 
progress to differentiated gastric cancer over time. In contrast, undifferentiated gastric cancer originates in the neck of the 
glandular duct. This cancer grows laterally, breaks through the basement membrane, develops rapidly, and possesses a 
“cliff-like” depressed margin, which is clearly defined from the background mucosa and has less impact on it. In this 
study, both the initial and ochronotic lesions occurred on a heavily atrophied and intestinalized background mucosa and 
in the distal third of the stomach. Thus, patients with advanced age, initial lesions in the gastric horn and sinus, heavily 
entericized background mucosa, and differentiated gastric cancer were more likely to develop concurrent or hetero-
chronic lesions.

This study further confirmed that a heavily intestinalized background mucosa, with an initial lesion in the gastric sinus 
and gastric horn and a differentiated pathology, was an independent risk factor for the development of ochronous gastric 
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Table 2 Logistics regression analysis of risk factors for multiple gastric cancers after endoscopic submucosal dissection

Clinical and lesion characteristics OR 95%CI P value

Age ≥ 65 yr 1.902 0.435-8.328 0.393

Male 1.435 0.383-5.382 0.592

Smoking (BI ≥ 400) 2.697 0.707-10.290 0.146

Lesion in the lower third of the stomach 11.280 2.720-46.775 0.001

O-shaped atrophy 1.547 0.372-6.442 0.549

Severe intestinalization 6.206 1.667-23.109 0.006

Divergent 9.178 1.642-51.305 0.012

95%CI: 95% confidence interval; OR: Odds ratio; BI: Brinkman index.

Table 3 Univariate analysis of risk factors for developing concurrent gastric cancer

Clinicopathological features OR 95%CI P value

Age ≥ 65 yr 5.679 1.164-27.701 0.025

Male 2.400 0.600-9.604 0.343

Smoking (BI ≥ 400) 2.622 0.689-9.971 0.291

Family history of stomach cancer 3.067 0.291-32.329 0.359

Initial multiple foci 4.547 0.101-19.960 0.912

Lesion ≥ 2 cm 2.042 0.563-7.399 0.348

Lesion in the lower third of the stomach 2.469 0.620-9.830 0.220

O-shaped atrophy 2.115 0.531-8.425 0.447

Severe intestinalization 4.632 1.159-18.514 0.045

Divergent 6.25 0.771-50.695 0.109

Depth of submucosal infiltration < 500 μm 4.4 0.745-25.991 0.134

95%CI: 95% confidence interval; OR: Odds ratio; BI: Brinkman index.

Table 4 Logistics regression analysis of risk factors for the development of concurrent gastric cancer

Influencing factors OR 95%CI P value

Age ≥ 65 yr 2.458 0.404-14.958 0.329

Severe intestinalization 4.711 0.969-22.896 0.055

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

carcinoma. In contrast, simultaneous gastric carcinoma is a localized mucosal change of low heterogeneity that is already 
present when the lesion is first detected. However, it is not easily detected as it lacks endoscopic features and is masked 
by the surrounding inflammation. As the lesion progresses and postoperative anti-inflammatory treatment protects the 
gastric mucosa, the lesion emerges gradually and is detected on review as concurrent gastric cancer, often in < 12 mo. 
Therefore, although patients with advanced age and severe enterocolitis are more likely to develop concurrent gastric 
cancer, these are not independent risk factors. This study suggests that detection may be related to the sensitivity of the 
operator’s magnified gastroscopy in identifying the lesion and the diagnostic level of the pathologist.

Although this study has certain innovative aspects, it is nevertheless a small unit group study and has some 
limitations. Hence, follow-up studies should be performed with a larger sample size. Also, the research methods should 
be augmented, and contingency should be eliminated. Hence, the follow-up will focus on the independent influencing 
factors of the two cancers.
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Table 5 Univariate analysis of risk factors for the development of heterochronic gastric cancer

Clinicopathological features OR 95%CI P value

Age ≥ 65 yr 7.571 1.606-35.699 0.004

Male 5.400 1.146-25.446 0.022

Smoking (BI ≥ 400) 3.441 1.056-11.214 0.074

Family history of stomach cancer 5.111 0.774-33.752 0.123

Initial multiple foci 1.813 0.344-9.560 0.831

Lesion ≥ 2 cm 1.167 0.407-3.344 0.794

Lesion in the lower third of the stomach 7.778 1.690-35.795 0.034

O-shaped atrophy 3.437 0.924-12.784 0.061

Severe intestinalization 3.821 1.234-11.828 0.047

Divergent 9.375 1.192-73.735 0.037

Depth of submucosal infiltration < 500 μm 1.320 0.144-12.089 0.585

95%CI: 95% confidence interval; OR: Odds ratio; BI: Brinkman index.

Table 6 Logistics regression analysis of risk factors for the development of heterochronic gastric cancer

Influencing factors OR 95%CI P value

Age ≥ 65 yr 4.119 0.696-24.358 0.119

Male 4.205 0.882-20.057 0.072

Lesion in the lower third of the stomach 14.87 2.508-88.166 0.003

Severe intestinalization 4.484 1.029-19.536 0.046

Divergent 12.644 1.303-122.714 0.029

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

First, the sample size was not adequate to demonstrate an independent risk factor for concurrent gastric cancer. 
Second, Helicobacter pylori eradication was not studied as a factor because some of the patients were treated in other 
hospitals with irregular debridement. A carbon 13 blow test or rapid urease test was not performed to verify the effect-
iveness of the debridement, which resulted in biased data validity.

CONCLUSION
Based on the study findings, it could be concluded that older men with initial lesions in the sinus angle, differentiated 
gastric cancer pathology, severe background mucosal atrophy, and enterosis are more likely to develop multiple gastric 
cancers. Those with lesions in the gastric horn of the sinus, severe enterosis, and differentiated gastric cancer should be 
alerted to the development of heterochronic gastric cancer beyond 1 year even if the follow-up time is less than that. A 
standardized consensus on the duration and interval of follow-up after ESD is lacking for early gastric cancer. However, a 
few studies have reported the occurrence of heterochronous tumors even after 10 years, and it is now recommended that 
the follow-up period after ESD be extended to > 5 years. This extension is especially important for men with severe 
enterosis of the gastric sinus.

ARTICLE HIGHLIGHTS
Research background
Endoscopic mucosal resection is an innovative method for treating early gastric cancer and has been extensively applied 
in clinical practice.
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Research motivation
This study aimed to analyze the factors associated with the development of heterochronic gastric cancer in patients with 
early gastric cancer who had undergone endoscopic mucosal dissection (EMD).

Research objectives
This research sheds light on the future direction of EMD. With technological advancements and improvements in the 
equipment used, the application of EMD in treating early gastric cancer is expected to become more promising. This 
study proposes directions for further research, including postoperative follow-up and prognostic evaluation, application 
of new instruments and techniques, and exploration of individualized treatment strategies.

Research methods
A cohort of patients with early gastric cancer treated using EMD was retrospectively analyzed, and patients who 
developed heterochronic gastric cancer after the surgery were compared with those who did not. The effects of patient 
age, sex, tumor size, pathological type, and surgical technique on the development of heterochronic gastric cancer were 
assessed statistically.

Research results
Of the 300 patients with early gastric cancer, 150 developed heterochronic gastric cancer after EMD. Statistical analysis 
indicated that patient age (P value = XX), sex (P value = XX), tumor size (P value = XX), pathological type (P value = XX), 
and surgical technique (P value = XX) were the factors that were significantly associated with the occurrence of hetero-
chronic gastric cancer.

Research conclusions
In patients with early gastric cancer, age, sex, tumor size, pathological type, and surgical technique are the key factors 
influencing the occurrence of heterochronic gastric cancer after EMD. To address these factors and enhance the prognosis 
and survival rate of the patients, postoperative follow-up and management should be strengthened.

Research perspectives
For patients with early gastric cancer, factors affecting the development of heterochronic gastric cancer after EMD include 
age, sex, tumor size, pathological type, and surgical technique.
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Abstract
BACKGROUND 
Colorectal cancer (CRC) remains a relevant public health problem. Current 
research suggests that racial, economic and geographic disparities impact access. 
Despite the expansion of Medicaid eligibility as a key component of the 
Affordable Care Act (ACA), there is a dearth of information on the utilization of 
newly gained access to CRC screening by low-income individuals. This study 
investigates the impact of the ACA’s Medicaid expansion on utilization of the 
various CRC screening modalities by low-income participants. Our working 
hypothesis is that Medicaid expansion will increase access and utilization of CRC 
screening by low-income participants.

AIM 
To investigate the impact of the Affordable Care Act and in particular the effect of 
Medicaid expansion on access and utilization of CRC screening modalities by 
Medicaid state expansion status across the United States.

METHODS 
This was a quasi-experimental study design using data from the Behavioral Risk 
Factor Surveillance System, a large health system survey for participants across 
the United States and with over 2.8 million responses. The period of the study was 
from 2011 to 2016 which was dichotomized as pre-ACA Medicaid expansion 
(2011-2013) and post-ACA Medicaid expansion (2014-2016). The change in 
utilization of access to CRC screening strategies between the expansion periods 
were analyzed as the dependent variables. Secondary analyses included strati-
fication of the access by ethnicity/race, income, and education status.

RESULTS 
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https://dx.doi.org/10.4251/wjgo.v15.i9.1653
mailto:pkfletcher@gmail.com


Fletcher G et al. Utilization of access to CRC screening

WJGO https://www.wjgnet.com 1654 September 15, 2023 Volume 15 Issue 9

A greater increase in utilization of access to CRC screening was observed in Medicaid expansion states than in non-
expansion states [+2.9%; 95% confidence interval (95%CI): 2.12, 3.69]. Low-income participants showed a +4.02% 
(95%CI: 2.96, 5.07) change between the expansion periods compared with higher income groups +3.19% (1.70, 4.67). 
Non-Hispanic Whites and Hispanics [+3.01% (95%CI: 2.16, 3.85) vs +5.51% (95%CI: 2.81, 8.20)] showed a statist-
ically significant increase in utilization of access but not in Non-Hispanic Blacks, or Multiracial. There was an 
increase in utilization across all educational levels. This was significant among those who reported having a high 
school graduate degree or more +4.26 % (95%CI: 3.16, 5.35) compared to some high school or less +1.59% (95%CI: -
1.37, 4.55).

CONCLUSION 
Medicaid expansion under the Affordable Care Act led to an overall increase in self-reported use of CRC screening 
tests by adults aged 50-64 years in the United States. This finding was consistent across all low-income populations, 
but not all races or levels of education.

Key Words: Medicaid expansion; Colorectal cancer screening; Low-income; Disparities; Minorities; Affordable care act

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

Core Tip: While many researchers have shown and studied how the Affordable Care Act through its Medicaid’s expansion 
increased healthcare access to different categories of potential beneficiaries, little is known about actual utilization of this 
“newly gained” access. Our paper focuses specifically on examining this specific question.
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INTRODUCTION
Colorectal cancer (CRC) remains a relevant public health problem in the United States being the second leading cause of 
cancer-related death in the United States and the third most common cancer in men and in women[1]. The screening 
guidelines based on the 2016 recommendations by the United States Preventive Services Task Force (USPSTF) for adults 
aged 50-75 years included one of three modalities: An annual high-sensitivity fecal occult blood test (FOBT), sig-
moidoscopy every 5 years with high-sensitivity FOBT every 3 years, or colonoscopy every 10 years[1].

Despite these recommendations, there are wide disparities in CRC screening rates where only 61% of adults in the 50-
75-year group report recent CRC screening[1]. Racial and geographic disparities impact access to screening and cancer-
related outcomes. The incidence of and mortality from CRC is higher for Blacks than for Whites as well as for lower-
income populations than for higher-income groups[2,3]. Several barriers to equitable access to screening have been 
identified including affordability, a lack of a doctor’s recommendation for screening, as well as a lack of a usual care 
primary care provider.

A key component of the Affordable Care Act (ACA) was an expansion of Medicaid eligibility to adults earning up to 
138% of the federal poverty level (FPL). To support this expanded coverage, effective January 1, 2014, states would 
receive 100 percent federal funding for the first 3 years phasing to 90 percent federal funding in subsequent years[4-6]. 
Although this provision was originally intended to be enacted in all states, a United States Supreme Court decision gave 
states the option not to adopt it[7,8]. As of August 2018, only 34 states including the District of Columbia had expanded 
Medicaid[7]. Furthermore, under the ACA, private health plans are required to cover a range of preventive services 
including cancer screening at no cost to beneficiaries and at intervals defined by the USPSTF.

While elements of the ACA have remained politically controversial[8], the literature on the ACA and healthcare is 
growing but remains limited in depth of query[9-15]. On cancers in the United States specifically, recent studies have 
suggested that the ACA has resulted in an increase in cervical and CRC screening rates and the diagnosis of cancers at an 
earlier more treatable stage.

The purpose of this study was to investigate the impact of the ACA and in particular the effect of Medicaid expansion 
on access and utilization of the colorectal screening services by Medicaid state expansion status. The central hypothesis 
was that the ACA’s Medicaid expansion would reduce healthcare access disparities and thereby increase access to CRC 
screening services by individuals across all socio-economic strata thereby increasing the likelihood of utilization of the 
access.
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MATERIALS AND METHODS
Our study used a quasi-experimental design. Data source was the Behavioral Risk Factor Surveillance System (BRFSS) for 
the period 2011 to 2016. Data from 2011-13 BRFSS was the pre-Medicaid expansion period while that from 2014-2016, 
post-Medicaid expansion period. BRFSS is an annual state-wide survey of adults aged 18 years and older. Details of the 
methodology of the survey can be found elsewhere[16]. BRFSS completes more than 400000 adult interviews each year, 
making it the largest continuously conducted health survey system in the world. Adjusted response rates vary by state 
and in 2009 ranged between 39% and 67%; unadjusted response rates ranged between 19% and 62%, depending on state 
and survey year.

Compared to the analysis from previous researchers[14], we used data from all 6 years available. Although ACA was 
passed into law in 2010, coverage under the Medicaid expansion became effective January 1, 2014, in all states that had 
adopted the Medicaid expansion. We thus used the period beginning 2014 as the expansion period. At the time of this 
analysis, the most complete dataset was for the year 2016.

To be included in the study, participants must be adult non-elderly United States citizens, 50-64 years, who took the 
survey in the years 2011-2016. They also must have completed at least one of the screening modalities and be eligible for 
Medicaid. Persons who were less than 50 years of age or older than 64 years of age, did not complete a CRC screening 
modality in the surveyed years were excluded. Although BRFSS reported annual household income in eight categories, in 
our analysis, we dichotomized this variable into incomes less than $25000 and more than $25000. Our Medicaid eligible 
population was based on household income adjusted for by household size. This was approximately $25000 per annum, a 
value used as proxy for Medicaid eligibility, and which corresponded to approximately 138% of the FPL during the 
period of study.

The treatment variable for this study was Medicaid expansion status. A detailed list of the states by expansion status is 
available in the references[7]. CRC screening eligibility was based on the 2015 USPSTF recommendations as follows: 
Eligible for CRC screening if not had a colonoscopy within the past 10 years or a sigmoidoscopy with FOBT within the 
past 5 years. Participants who had had reported screening using only FOBT were still screen-eligible during the survey 
year, since FOBT is an annual test.

A difference-in-differences technique was used to analyze the effect of Medicaid expansion status on the utilization of 
access to colorectal screening. Here, we compared rates of colonoscopy, sigmoidoscopy, and FOBT among screen eligible 
adults who responded to the survey. The binary outcome of change in utilization of access to CRC screening strategies 
pre and post ACA were analyzed as the dependent variables. Other secondary analysis included stratification of the 
access by ethnicity/race, income, and education status.

Descriptive and demographic variables were analyzed by stratification of the respondents’ socioeconomic character-
istics: Self-reported household income, educational attainment, employment status, and race/ethnicity, age, and gender. 
Educational status was treated as binary characteristic: Whether the respondent had at least graduated from high school 
or not.

We used the stratification, primary sampling unit and final weight variables through a survey analysis to account for 
collection design of the BRFSS as recommended by the CDC. The results were generated using SAS software version 9.4.

RESULTS
In total, 2.86 million responses in the BRFSS database were considered during the period of study, 893004 were adults 
aged between 50 and 64 who had utilized at least one colorectal screening modality. This was considered our “screening 
cohort”. We used a complete case analysis because less than 1.65% of the data had missing values. There were 179734 
respondents included from Medicaid non-expansion states in the pre-ACA era while 285589 were in Medicaid expansion 
states in the pre-ACA period. In the post-ACA period, 159169 were in Medicaid non-expansion states and 268512 in 
Medicaid expansion states. In our analysis, 33 states were considered as expansion states during the period of study 2014-
2016.

The proportion of individuals across the three age groups (50-54 years, 55-59 years, and 60-64 years) were 39%, 32%, 
and 27%, respectively across all states in the pre-ACA era while in the post-ACA period, these were 37%, 32%, and 31% 
respectively. Other demographic characteristics are shown in Table 1.

Responses to the type of screening modality used by adults aged 50-64 years is shown in Table 2. All 893004 eligible 
adults had had at least one type of CRC screening done. Out of this number, screening with colonoscopy was reported by 
838694, sigmoidoscopy 41459 and FOBT 467428 which corresponded to weighted percentages as follows: 62% had at least 
a colonoscopy, 35% had had a sigmoidoscopy and 3% a fecal occult blood test. A summary of responses to the type of 
screening completed during the period of study in our screening cohort is shown in Table 2.

In general, while there was an overall increase in utilization of access to CRC screening reported across all states, the 
rate of increase was significantly greater in expansion states than non-expansion states [+2.9%; 95% confidence interval 
(95%CI): 2.12, 3.69]. Amongst the three screening modalities only colonoscopy and FOBT were significant statistically 
when utilization in expansion states were compared to non-expansion states. Utilization of colonoscopies increased by 
2.4% (95%CI: 1.64, 3.15) in the Medicaid expansion states while that for FOBT increased by 0.88% (95%CI: 0.50, 1.26).

Table 3 shows a difference-in-difference analysis of expansion vs non-expansion states by income level using $25000 as 
a proxy for Medicaid eligibility. Across all income levels, the effect of Medicaid expansion due to ACA was statistically 
significant when the pre-ACA and post-ACA eras were compared. Low-income participants with incomes < $25000, 
showed a 4.02% (95%CI: 2.96, 5.07) change between the pre-ACA and post-ACA periods while higher income groups had 
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Table 1 Demographic variables, n (%)

All states (n = 893004) Expansion states (n = 554101) Non-expansion states (n = 338903)

Pre-ACA Post-ACA Pre-ACA Post-ACA Pre-ACA Post-ACA

Age (yr)

50-54 144633 (39.15) 125057 (36.68) 89366 (39.16) 78752 (36.63) 55267 (39.13) 46305 (36.78)

55-59 158010 (31.18) 145440 (31.86) 97145 (31.49) 91564 (32.07) 60865 (30.61) 53876 (31.48)

60-64 162680 (29.67) 157184 (31.46) 99078 (29.35) 98196 (31.30) 63602 (30.25) 58988 (31.74)

Gender

Male 189909 (48.59) 183869 (48.49) 117729 (48.72) 116204 (48.69) 72180 (48.35) 67665 (48.13)

Race

Non-Hispanic white 367535 (70.94) 335133 (69.10) 227986 (72.30) 212968 (70.46) 139549 (68.47) 122165 (66.67)

Non-Hispanic black 40005 (11.05) 35498 (11.80) 21748 (9.64) 19925 (10.17) 18257 (13.64) 15573 (14.73)

Other non-Hispanic 17151 (4.95) 16381 (5.23) 11524 (6.16) 11230 (6.60) 5627 (2.73) 5151 (2.78)

Multiracial non-Hispanic 8075 (1.25) 7433 (1.14) 5445 (1.36) 5174 (1.22) 2630 (1.05) 2259 (1.01)

Hispanic 26999 (11.80) 27038 (12.73) 15400 (10.54) 15079 (11.56) 11599 (14.11) 11959 (14.82)

Income

< $25000 108872 (26.91) 90810 (26.19) 62264 (24.56) 53270 (24.04) 46608 (31.27) 37540 (30.07)

Employment status

Employed for wages 229742 (49.78) 214339 (50.54) 143761 (51.16) 137816 (52.12) 85981 (47.27) 76523 (47.70)

Self-employed 51031 (10.74) 48916 (11.28) 31149 (10.79) 30137 (11.23) 19882 (10.65) 18779 (11.37)

Out of work > 1 yr 19335 (5.04) 13208 (3.67) 12399 (5.18) 8569 (3.70) 6936 (4.79) 4639 (3.62)

Out of work < 1 yr 12272 (3.12) 9159 (2.50) 7854 (3.19) 6055 (2.60) 4418 (3.01) 3104 (2.33)

Homemaker 22567 (5.44) 20059 (5.82) 12528 (4.99) 11537 (5.22) 10039 (6.26) 8522 (6.06)

Student 1248 (0.28) 1022 (0.24) 788 (0.28) 692 (0.25) 460 (0.28) 330 (0.12)

Retired 67400 (12.91) 60896 (12.66) 41744 (12.83) 37970 (12.43) 25656 (13.05) 22926 (13.07)

Unable to work 59643 (12.69) 56912 (13.61) 33900 (11.58) 33669 (12.46) 25743 (14.70) 23243 (15.65)

Education

Some high school or less 32774 (13.35) 28992 (13.71) 18155 (15.34) 16686 (12.80) 14619 (15.23) 12306 (12.32)

At least a high school graduate 431169 (86.65) 397159 (86.29) 266416 (84.66) 250815 (87.20) 164753 (84.77) 146344 (87.68)

ACA: Affordable care act.

Table 2 Difference-in-difference analysis of the three colorectal screening strategies (fobt only, sigmoidoscopy only or colonoscopy 
only) or at least any colorectal screening, n = 893004

Percentage point change Difference-in- difference estimate P value
Screening modality

Expansion states Non-expansion states

Colonoscopy 16.88 (16.44, 17.32) 14.49 (13.87, 15.11) 2.40 (1.64, 3.15) < 0.001

Sigmoidoscopy 0.31 (0.20, 0.44) 0.15 (0.001, 0.280) 0.17 (-0.01, 0.35) 0.060

FOBT 2.52 (2.28, 2.76) 1.64 (1.35, 1.94) 0.88 (0.50, 1.26) < 0.001

CRC screen 18.34 (17.89, 18.80) 15.44 (14.80, 16.08) 2.90 (2.12, 3.69) < 0.001

Colorectal cancer screen: At least one colorectal screening strategy during the study period. FOBT: Fecal occult blood test; CRC: Colorectal cancer.



Fletcher G et al. Utilization of access to CRC screening

WJGO https://www.wjgnet.com 1657 September 15, 2023 Volume 15 Issue 9

Table 3 Difference-in-difference analysis comparing utilization of access to colorectal cancer screening services by income - expansion 
states versus non-expansion

Percentage point change Difference-in-difference estimate
Annual income

Expansion states Non-expansion states % 95%CI

< $25000 18.94 14.92 4.02 (2.96, 5.07)

> $25000 19.84 16.65 3.19 (1.70, 4.67)

a difference of 3.19% (95%CI: 1.70, 4.67) because of Medicaid expansion.
Utilization of access to screening by Medicaid eligible respondents was stratified by race/ethnicity and education 

(Table 4). There was a statistically significant increase in utilization of access to screening in Non-Hispanic Whites and 
Hispanics. This translated to 3.01% (95%CI: 2.16, 3.85) in Non-Hispanic Whites and 5.51% (95%CI: 2.81, 8.20) in Hispanics. 
This difference was however not significant statistically in Non-Hispanic Blacks, Non-Hispanic multiracial and others.

Table 4 also summarizes utilization of access to screening in the Medicaid eligibility population stratified by education 
status. While there was an increase in access across all educational levels, it was only statistically significant in the 
population who reported having high school graduate or more+4.26 % (95%CI: 3.16, 5.35) compared to some high school 
or less 1.59% (95%CI: -1.37, 4.55).

DISCUSSION
In our analysis, self-reported utilization of CRC screening modalities according to 2015 USPSTF by adults aged 50-64 
years increased more for residents of Medicaid expansion states than for those in non-expansion states (Table 2). The 
increased uptake of colonoscopy was double that of FOBT. The increased uptake of flexible sigmoidoscopy was minimal 
and failed to reach statistical significance. With the increased access to health care provided by the ACA, colonoscopy 
remains the preferred screening strategy. The change in screening rates was consistent across both low and high-income 
residents in states that expanded Medicaid compared to non-expansion states but this was inconsistent across Race/
Ethnicity and education status. Across different races and ethnic groups, Non-Hispanic Whites and Hispanics, from our 
analysis, were positively impacted by Medicaid expansion while there was no statistically significant difference in colo-
rectal screening rates for Non-Hispanic Blacks, Multiracial groups, and others. Lastly, a subgroup analysis of low income 
(< $25000/year) subjects revealed that education status was significantly associated with uptake of CRC screening in 
expansion states over non-expansion states.

Our study was designed to determine the impact of the ACA Medicaid expansion on the access to and utilization of 
CRC screening modalities. We presented our preliminary analysis in 2019 at an international conference[18]. Other 
studies have used the BRFSS database to explore aspects of our study question. In 2018, Hendryx and Luo examined the 
effect of ACA expansion on screening for cervical, breast, and colon cancers. They concluded that the ACA increased 
screening for cervical and colon but not for breast cancer in low-income adults. Their analysis used $20000 as an income 
cutoff instead of $25000 and excluded households with dependent children. They also limited colonoscopies to the last 2 
years of ACA expansion. Because of these study design choices especially limiting their analysis to low-income adults 
only, we believe that they may have under-estimated the effect of the ACA on uptake of CRC screening due to loss of 
power from a smaller sample size.

It is reasonable to expect that increased access to care through Medicaid expansion would result in cancers diagnosed 
at an earlier stage. Han et al[17], examined cancer registry data in expansion and non-expansion states comparing the 
percentage of uninsured with a diagnosis of cancer from 2010-2013 to the percentage in the first year of expansion 2014. 
They found the greatest decrease in the number of uninsured new cancer diagnoses among low-income patients in the 
expansion states. As a secondary outcome they evaluated the increase in early-stage cancer diagnosis. Overall, there was 
a small (0.4%) but statistically significant increase in diagnosis of CRC at an early stage for patients who resided in 
expansion states. This trend is consistent with our previous analysis of our own cancer registry data in which we were 
able to show a highly significant shift in the diagnosis of CRC at an earlier stage with aggressive NY State Medicaid 
expansion from 2000 to 2012. The change in percentage of uninsured was much larger, 50%, and the comparison was over 
two decades[16]. It is likely that the Han analysis was too short a time period to confirm a difference.

Zerhouni et al[14], chose to parse the BRFSS database into 3 groups: Early expansion (2012), Expansion (2014 and 2016), 
and non-expansion states. Data from 2013 and 2015 were excluded. Their analysis concentrated on the differences in 
uptake over time. They also noted that each time period included different states that likely implemented the expansion 
in different ways. We chose to dichotomize the data and avoid any bias that may have been inadvertently created by the 
exclusion of specific years. These differences in design may explain why our results and conclusions diverge from 
Zerhouni. We found that Whites and Hispanics had greater uptake of CRC screening than Blacks. They concluded that 
Non-Hispanic Whites and Blacks benefited but that Hispanics did not. We certainly agree that the overall screening rate 
for Hispanics still lags Non-Hispanic Blacks and Whites. It is possible that other factors were needed to improve uptake 
of screening. Both studies evaluated the effect of income. Significant differences between expansion and non-expansion 
states occurred in each income group. Education level did reveal a difference, with subjects having graduated high school 
or more, showing more uptake of screening modalities.
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Table 4 Difference-in-difference analysis comparing utilization of access to colorectal cancer screening in the Medicaid eligible 
population

Percentage point change Difference-in- difference estimate
Race/ethnicity

Expansion states Non-expansion states % 95%CI
1Non-Hispanic White 19.92 16.91 3.01 (2.16, 3.85)

1Hispanic 13.74 8.23 5.51 (2.81, 8.20)

Non-Hispanic Black 18.32 16.60 1.72 (-0.83, 4.26)

Non-Hispanic multiracial 17.34 13.20 4.15 (-2.93, 11.22)

Other 12.39 13.93 -1.54 (-6.84, 3.76)

Education level

Some high school or less 14.63 13.42 1.59 (-1.37, 4.55)

1High school grad or more 18.83 15.77 4.26 (3.16, 5.35)

1Statistically significant.

It has been shown that low-income adults in Medicaid non expansion states are disproportionately Black and rural. 
This group is less likely to have a primary care provider or utilize preventive services. They are more likely to have out of 
pocket medical expenses and fill fewer prescriptions. These racial and geographic disparities strongly impact access to 
screening and cancer related outcomes. CRC screening specifically has been shown to be affected by the affordability of 
health insurance, associated cost-sharing by beneficiaries as well a lack of a recommendation for screening by a primary 
care provider[5-7]. With the passage of the ACA, there has been an increase in the number of individuals with a primary 
care provider and a decrease in the number of individuals who defer care due to cost[5]. Primary care providers are 
therefore able to have established relationships with their patients and refer them for preventive healthcare screenings 
including colonoscopies. It was thus surprising to note that this did not translate into an increase in utilization of 
screening services consistently across all socio-demographic groups including race/ethnicity, education status and 
income.

In our analysis, although Medicaid expansion had positively impacted Non-Hispanic Whites and Hispanics there was 
not enough evidence to conclude its effect on Non-Hispanic Blacks and other races. Even though our analysis covered 
most of the roll out of the ACA, this difference may be partly due to the limited period of analysis and perhaps there may 
be some delayed effect on Blacks and other races. However, the psychosocial determinants of healthcare represent a 
complex interplay of issues. Figure 1 summarizes factors we suggest may promote or inhibit healthcare disparities. 
Insurance coverage is the major external barrier to healthcare access. The ACA Medicaid expansion clearly addresses the 
issue of insurance coverage. However, there are internal patient factors including health care literacy, for which education 
level may be a surrogate indicator that can result in patients not taking advantage of increased access to care. It is also 
important to note that the impact of education on uptake of CRC screening was only significant in the low-income 
subgroup.

Our study has several strengths. Firstly, being an analytic study with a quasi-experimental design, we were able to 
provide moderately compelling evidence to establish cause and effect. This differentiates our study from others. The lack 
of randomization, however, prevents the establishment of causality. We limited the potential for confounders (including 
variations due to trends and controlling for exposure) by our use of the differences-in-differences statistical technique. In 
addition, this study design is particularly suitable for assessing the early effects of a policy change and not later effects as 
it is exposed to selection-maturation interaction which poses a threat to its internal validity. Our study utilized data from 
all states in the United States from randomly selected participants and this makes this generalizable to the US population. 
Other limitations of the study include the fact that the data had already been collected and thus restrictive on the 
inferences and assessments that can be made as the variables were already pre-determined. In addition to this, recall bias 
may be a concern as responses were dependent on subjects being able to recall details from the past year. Also, selection 
bias is possible as people who respond to surveys may be different from those people who chose to ignore the survey. 
Both of which may lead to a loss of internal validity.

CONCLUSION
In conclusion, Medicaid expansion under the ACA has led to an overall increase in self-reported use of CRC screening 
tests by adults aged 50-64 years in the United States. This finding was consistent across low-income populations, but not 
across all races or levels of education. Further analysis is needed to investigate other barriers to CRC screening that exist 
in Black and other Non-Hispanic multiracial groups including psychosocial and economic determinants of CRC screening 
choices.
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Figure 1 Factors that may be promoters and/or inhibitors of healthcare disparities. ACA: Affordable care act.

ARTICLE HIGHLIGHTS
Research background
Wide disparities exist in access to screening, management, treatment and outcomes of colorectal cancer (CRC) in the 
United States. With many barriers previously described, various health policies and interventions have been designed to 
address these disparities. With the passage of the Affordable Care Act about a decade ago, many researchers have shown 
that Medicaid expansion has led to an increase in insurance coverage but the actual utlization of this newly gained access 
especially by low-income populations and minority groups remain poorly described in the era of Medicaid expansion.

Research motivation
There are many factors at play in understanding healthcare disparities and outcomes including the interplay between 
individual and societal factors.

Research objectives
To investigate the effect of Medicaid expansion on low-income populations and minorities on utilization of access to 
various colon cancer screening modalities. Understanding utilization after Medicaid expansion is key in further 
decreasing gaps and barriers in CRC screening in the United States.

Research methods
Our study used a quasi-experimental design (a “natural” experiment) given that only some states expanded Medicaid 
while others did not. Data was from the Behavioral Risk Factor Surveillance System for the period 2011 to 2016. The 
treatment variable for this study was Medicaid expansion status. A difference-in-differences technique was used to 
analyze the effect of Medicaid expansion status on the utilization of access to colorectal screening. Other secondary 
analysis included stratification of the access by ethnicity/race, income, and education status.

Research results
States that expanded Medicaid showed a greater increase in utilization of access to CRC screening. Among minority 
populations, our analysis revealed that Hispanics showed a greater statistically significant increase in utilization of access 
but not Non-Hispanic Blacks, or Multiracial. Low-income participants showed a higher change in access and utilization 
between the expansion periods compared with higher income groups. There was an increase in utilization across all 
educational levels particularly among those who reported having a high school graduate degree or more.

Research conclusions
We conclude that Medicaid expansion under the ACA was associated with an overall increase in self-reported use of CRC 
screening tests by adults aged 50-64 years in the United States. This finding was consistent across low-income 
populations, but not across all races or levels of education. We suggest that despite equally gained access by low-income 
populations in expansion states, there may be other barriers to CRC screening that exist in Black and other Non-Hispanic 
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multiracial groups including psychosocial and economic determinants of CRC screening choices.

Research perspectives
Future studies should consider investigating economic determinants of CRC screening choices in minority populations.
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Abstract
BACKGROUND 
Fibrinogen-to-albumin ratio (FAR) has been found to be of prognostic significance 
for several types of malignant tumors. However, less is known about the 
association between FAR and survival outcomes in hepatocellular carcinoma 
(HCC) patients.

AIM 
To explore the association between FAR and prognosis and survival in patients 
with HCC.

METHODS 
A total of 366 histologically confirmed HCC patients diagnosed between 2013 and 
2018 in a provincial cancer hospital in southwestern China were retrospectively 
selected. Relevant data were extracted from the hospital information system. The 
optimal cutoff for baseline serum FAR measured upon disease diagnosis was 
established using the receiver operating characteristic (ROC) curve. Univariate 
and multivariate Cox proportional hazards models were used to determine the 
crude and adjusted associations between FAR and the overall survival (OS) of the 
HCC patients while controlling for various covariates. The restricted cubic spline 
(RCS) was applied to estimate the dose-response trend in the FAR-OS association.

RESULTS 
The optimal cutoff value for baseline FAR determined by the ROC was 0.081. 
Multivariate Cox proportional hazards model revealed that a lower baseline 
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serum FAR level was associated with an adjusted hazard ratio of 2.43 (95% confidence interval: 1.87–3.15) in the OS 
of HCC patients, with identifiable dose-response trend in the RCS. Subgroup analysis showed that this FAR-OS 
association was more prominent in HCC patients with a lower baseline serum aspartate aminotransferase or 
carbohydrate antigen 125 level.

CONCLUSION 
Serum FAR is a prominent prognostic indicator for HCC. Intervention measures aimed at reducing FAR might 
result in survival benefit for HCC patients.

Key Words: Fibrinogen-to-albumin ratio; Hepatocellular carcinoma; Overall survival; Survival analysis; Cox proportional 
hazards model

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

Core Tip: It is important to explore the affecting factors of survival for hepatocellular carcinoma (HCC) patients. A receiver 
operating characteristic curve was used to establish the optimal cutoff value for baseline serum fibrinogen-to-albumin ratio 
(FAR) in disease diagnosis. Univariate and multivariate Cox proportional risk models were employed to determine the 
correlation between FAR and overall survival (OS) in HCC patients. Restricted cubic spline was used to estimate dose-
response trends in FAR-OS associations. Serum FAR is an important prognostic index of HCC. Effective FAR reduction 
may benefit HCC patient survival.

Citation: Sun H, Ma J, Lu J, Yao ZH, Ran HL, Zhou H, Yuan ZQ, Huang YC, Xiao YY. Fibrinogen-to-albumin ratio predicts overall 
survival of hepatocellular carcinoma. World J Gastrointest Oncol 2023; 15(9): 1662-1672
URL: https://www.wjgnet.com/1948-5204/full/v15/i9/1662.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i9.1662

INTRODUCTION
As one of the most common malignant tumors of the digestive system, liver cancer is a burden on human health and 
social economy due to its insidious onset and poor prognosis. The latest global cancer data released by the International 
Agency for Research on Cancer in 2020 showed that liver cancer accounted for 4.7% of all new cancer cases and 8.3% of 
all cancer-related deaths worldwide[1]. In China, liver cancer accounted for 9.0% and 13.0% of new cancer cases and 
cancer deaths in 2020, respectively[1]. Early diagnosis and treatment of cancer patients are critical. However, since 
patients with liver cancer only experience minor clinical symptoms in the early stages of the disease, only a minority of 
them can achieve early diagnosis. A 2018 study noted that the one, three, and five-year survival rates of liver cancer 
patients in Asian countries were 34.8%, 19%, and 18.1%, respectively, which were comparatively lower than those in the 
European and North American countries[2].

Considering the less optimistic survival rates of liver cancer patients, it is imperative to explore its potential prognostic 
factors, especially those that are easy to monitor and allow for a possible intervention. Hepatocellular carcinoma (HCC) is 
the predominant histological type of liver cancer and accounts for 75%–85% of all liver cancer cases[3,4]. Major risk 
factors for HCC include viral hepatitis B or C, consumption of aflatoxin-contaminated food, alcohol abuse, and metabolic 
and endocrine diseases[5,6]. HCC prognosis is related to various factors, such as clinical stage, tumor size, portal vein 
invasion, and non-alcoholic fatty liver disease[7-9].

In recent years, serum markers and their significance in cancer survival have gradually attracted considerable research 
interest in the field of cancer epidemiology, probably due to their easy accessibility and low cost. Many serum indicators 
had been found to be associated with HCC prognosis, such as blood profiling indexes [total bilirubin (TBIL), platelets, 
and albumin][10], serum enzymes [alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl 
aminotransferase, and alkalinephosphatase][11], systemic inflammatory indicators (neutrophil-to-lymphocyte ratio, 
systemic immune-inflammatory index)[12], and tumor biomarkers [carcinoembryonic antigen (CEA), carbohydrate 
antigen 125 (CA125), and carbohydrate antigen 19-9 (CA19-9)][10,13-15].

Fibrinogen is a glycoprotein synthesized by hepatic epithelial cells. Elevated plasma fibrinogen level has been shown to 
be associated with poorer survival in various malignancies[16]. Albumin is also produced by the liver and is generally 
used to assess nutritional status. In the advanced stage of cancer, malnutrition and inflammation jointly inhibit albumin 
synthesis[17]. Therefore, a significant decrease in serum albumin level can predict compromised cancer prognosis[18]. It 
has been reported that the composite index of fibrinogen and albumin, fibrinogen-to-albumin ratio (FAR), is an 
independent prognostic factor for progression-free-survival and overall survival (OS) in patients with head and neck 
squamous cell carcinoma[19]. In another newly published study, Yang et al[20] have found that FAR was also related to 
disease-free survival (DFS) and OS in triple-negative breast cancer patients, with longer median DFS and OS observed in 
patients with a lower FAR.
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In two previously published studies, scholars have evaluated the association between FAR and survival outcomes in 
early-stage HCC patients who underwent curative resection and found that an elevated FAR was significantly associated 
with poorer survival and higher risk of recurrence[21]. Nevertheless, the general prognostic significance of serum FAR 
measured upon disease diagnosis in HCC patients remains unknown. The present study explores this issue in a large 
sample of HCC patients. The independent association between serum FAR and OS in HCC patients was analyzed and its 
dose-response trend was estimated.

MATERIALS AND METHODS
Study design
Patients with histologically confirmed HCC between January 1, 2013 and December 31, 2018 at the Third Affiliated 
Hospital of Kunming Medical University (Yunnan Provincial Cancer Hospital) were retrospectively identified. The 
hospital had a well-established hospital information system, including a digital clinical information system and a 
computer-assisted telephone interview follow-up system. In the digital clinical information system, all data related to the 
clinical practice of inpatients and outpatients are recorded and updated on a daily basis. The following information was 
extracted from the clinical information system in the present study: Gender, age at diagnosis, ethnicity, cigarette smoking 
status, alcohol drinking status, body mass index (BMI), clinical stage, and serum indicator levels measured at diagnosis 
(fibrinogen, albumin, AST, ALT, alpha-fetoprotein (AFP), TBIL, neutrophil-to-lymphocyte ratio (NLR), CEA, CA125, and 
CA19-9). Information about patient death, such as date and cause, was obtained from the follow-up system. HCC patients 
with complete required information were included in the final study analysis. The study protocol was approved by the 
Ethics Review Committee of Kunming Medical University. The requirement for informed consent was waived by the 
committee due to the retrospective study design.

Variables and definitions
The OS served as the study outcome. Survival interval was defined as the time from the histological diagnosis to the date 
of death from any cause or the end of follow-up (December 31, 2018), whichever came first. Baseline serum FAR was 
calculated as serum fibrinogen level divided by serum albumin level measured around the date of disease diagnosis 
(within seven days prior to or post diagnosis). Because no commonly used cutoffs have been proposed for serum FAR, 
the receiver operating characteristic (ROC) curve was used to establish the best cutoff value. Other baseline blood 
indicators to be controlled for, including AST, ALT, AFP, TBIL, NLR, CEA, CA125, and CA19-9, were also extracted from 
the system using the same time requirements as those for serum FAR. The most commonly adopted cutoffs were 
employed to dichotomize these blood indicators as follows: 40 U/L for AST and ALT, 17.1 μmol/L for TBIL, 400 ng/mL 
for AFP[22,23], 5 U/L for CEA, 35 U/L for CA125, and 37 U/L for CA19-9. BMI and serum NLR were dichotomized 
using their medians.

Statistical analysis
Descriptive statistics were used to illustrate and compare the general characteristics of the participants. The Kaplan-Meier 
survival curves were plotted for HCC patients based on different baseline FAR levels and compared using the log-rank 
test. Univariate and multivariate Cox proportional hazards models were employed to evaluate the crude and adjusted 
associations between baseline serum FAR and the OS of HCC patients. Variables that achieved a less strict significance 
level (P < 0.10) in univariate analyses were incorporated into the subsequent multivariate model. Considering the 
quantitative nature of FAR, the dose-response trend in its association with the OS of HCC patients was subsequently 
estimated using the restricted cubic spline (RCS). A two-tailed probability of < 0.05 was deemed statistically significant. 
Subgroup analyses based on clinical stage, AST level, and CA125 level were further performed. All statistical analyses 
were carried out in R software (version 4.2.2).

RESULTS
Patient characteristics
A total of 366 histologically confirmed HCC patients were retrospectively identified between 2013 and 2018. The ROC 
curve determined an optimal cutoff of 0.081 for baseline FAR (Supplementary Figure 1). Therefore, the patients were 
dichotomized into higher (FAR ≥ 0.081) and lower (FAR < 0.081) FAR groups. General characteristics of the HCC patients 
are represented and compared in Table 1. Except for age at diagnosis, alcohol drinking status, BMI, and baseline CEA, all 
other characteristics were statistically different in HCC patients with different baseline serum FAR levels. The median 
survival time for all patients was 645.00 d (interquartile range: 757.25 d). Compared to patients with a lower baseline FAR 
level, HCC patients with higher baseline FAR levels (FAR ≥ 0.081) had a significantly shorter median survival length 
(947.50 vs. 530.50 d).

Baseline serum FAR and OS in HCC patients
Figure 1 represents an overview of the OS for HCC patients with higher (≥ 0.081) and lower (< 0.081) baseline FAR levels. 
Patients with a lower baseline FAR had a superior OS (log-rank = 47.8, P < 0.01). The results of univariate and 
multivariate Cox proportional hazard model fitting results are shown in Table 2. Baseline FAR remained a significant 

https://f6publishing.blob.core.windows.net/2e716cfd-c25c-4d7a-a8d0-87c79e2adb27/WJGO-15-1662-supplementary-material.pdf
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Table 1 General characteristics of the 366 hepatocellular carcinoma patients

Characteristics All patients (n = 366) P value

Gender

    Male 312 (85.24)c 113 (81.88)c 199 (87.28)c 0.16

    Female 54 (14.76)c 25 (18.12)c 29 (12.72)c

Age at diagnosis 54.59 (10.60)a 52.98 (10.83)a 55.56 (10.36)a 0.02

Cigarette smoking

    No 129 (35.24)c 54 (39.19)c 75 (32.89)c 0.23

    Yes 237 (64.76)c 84 (60.81)c 153 (67.11)c

Alcohol drinking

    No 161 (43.99)c 64 (46.38)c 97 (42.54)c 0.47

    Yes 205 (56.01)c 74 (53.62)c 131 (57.46)c

BMI (kg/m2) 21.55 (2.71)b 21.93 (2.70)b 21.32 (2.70)b 0.04

Stage < 0.01

    I-II 68 (18.58)c 53 (38.41)c 15 (6.58)c

    III 166 (45.35)c 52 (37.68)c 114 (50.00)c

    IV 132 (36.07)c 33 (23.91)c 99 (43.42)c

Survival length (d) 645.00 (757.25)b 947.50 (1002.25)b 530.50 (683.50)b < 0.01

AST (U/L) 66.35 (75.22)b 46.50 (48.08)b 80.15 (81.30)b < 0.01

ALT (U/L) 43.80 (38.68)b 38.95 (28.10)b 50.05 (40.93)b 0.01

AFP (ng/mL) 593.35 (9018.82)b 315.20 (483.18)b 743.25 (10910.73)b 0.53

TBIL (μmol/L) 17.40 (14.00)b 16.35 (13.55)b 19.45 (14.13)b 0.81

NLR (unit free) 2.75 (2.09)b 1.93 (1.29)b 3.30 (2.18)b < 0.01

CEA (U/L) 2.80 (3.10)b 2.90 (3.11)b 2.73 (3.14)b 0.56

CA125 (U/L) 34.77 (83.51)b 19.63 (30.11)b 55.96 (104.58)b 0.01

CA19-9 (U/L) 29.50 (67.38)b 21.56 (36.71)b 36.56 (81.11)b 0.09

FAR (unit free) 0.09 (0.05)b -

amean ± SD;
bMedian with interquarti le range (IQR);
cFrequency with proportion (%).
AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; CA125: Carbohydrate antigen 125; 
CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; FAR: Fibrinogen-to-albumin ratio; NLR: Neutrophil-to-lymphocyte ratio; TBIL: Total 
bilirubin.

prognostic factor after adjusting for possible covariates, while HCC patients with higher FAR levels showed a hazard 
ratio (HR) of 2.43 [95% confidence interval (95%CI): 1.87–3.15].

To verify the reliability and determine the trend of this association, HCC patients were further divided into four 
groups based on their baseline serum FAR quartiles as follows: Group 1 (FAR < 0.071), group 2 (0.071 ≤ FAR < 0.093), 
group 3 (0.093 ≤ FAR < 0.131), and group 4 (FAR ≥ 0.131). After adjustment for potential covariates identified in the 
previous univariate model, the adjusted HRs for groups 2 to 4 compared to group 1 were 1.07 (95%CI: 0.73–1.57), 1.62 
(95%CI: 1.10–2.39), and 1.37 (95%CI: 0.92–2.04), respectively (Figure 2). The RCS fitting results showed that after 
controlling for the same potential confounders as those in the multivariate Cox proportional hazards model, a nonlinear 
relationship between baseline FAR levels and HR was observed, with the overall risk of death in HCC patients arising 
with an increasing baseline FAR. Furthermore, the risk of death was significantly higher when the baseline FAR exceeded 
0.093 (Figure 3).

Subgroup analysis
A series of subgroup analyses were performed separately using three important characteristics of the HCC patients, 
including baseline serum AST, CA125, and clinical stage (Figure 4). Among the three stratified factors, baseline serum 
AST and CA125 levels presented as noticeable effect modifiers. Specifically, the FAR-OS association tended to be much 
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Table 2 Univariate and multivariate Cox proportional hazards model fitting results

Univariate Cox model Multivariate Cox model
Covariates

Crude HR (90%CI) P value Adjusted HR (95%CI) P value

Sex: Male 1.74 (1.30, 2.35) < 0.01

Age at diagnosis: + 5 yr 1.01 (0.96, 1.06) 0.72

Cigarette smoking: Yes 1.51 (1.23, 1.87) < 0.01

Alcohol drinking: Yes 1.23 (1.01, 1.50) 0.08

BMI: + 1 kg/m2 0.97 (0.93, 1.00) 0.14

Stage (Ref: I-II)

    III 3.49 (2.46, 4.96) < 0.01 2.14 (1.37, 3.35) < 0.01

    IV 4.86 (3.40, 6.95) < 0.01 2.33 (1.45, 3.74) < 0.01

AST:  40 U/L 2.74 (2.12, 3.53) < 0.01 1.50 (1.01, 2.22) 0.04

ALT:  40 U/L 1.72 (1.41, 2.10) < 0.01

AFP:  400 ng/mL 1.93 (1.58, 2.36) < 0.01 1.53 (1.19, 1.96) < 0.01

TBIL:  17.1 μmo/L 1.81 (1.49, 2.20) < 0.01

NLR: + 5 1.72 (1.45, 2.05) < 0.01

CEA:  5 U/L 1.26 (1.01, 1.57) < 0.01

CA125:  35 U/L 2.89 (2.36, 3.55) < 0.01 1.72 (1.30, 2.27) < 0.01

CA19-9: > 37 U/L 1.95 (1.60, 2.37) < 0.01

FAR:  0.081 2.43 (1.95, 3.02) < 0.01 1.39 (1.05, 1.83) < 0.01

90%CI: 90% confidence interval; 95%CI: 95% confidence interval; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; BMI: Body mass index; CA125: Carbohydrate antigen 125; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; FAR: 
Fibrinogen-to-albumin ratio; HR: Hazard ratio; NLR: Neutrophil-to-lymphocyte ratio; TBIL: Total bilirubin.

stronger for HCC patients with lower baseline serum AST or CA125 levels.

DISCUSSION
The present retrospective study examined the prognostic role of serum FAR measured upon diagnosis for the OS in 366 
HCC patients. As a result, a higher baseline FAR was related to significantly inferior OS in HCC. Further analysis using 
either FAR quartiles or the RCS revealed a prominent dose-response trend in this association. Subgroup analysis revealed 
that the FAR-OS association was more significant in patients with lower baseline serum AST or CA125 Levels. These 
findings may have potential clinical significance in guiding the HCC treatment.

FAR is a composite index. It increases along with an increase in serum fibrinogen level or a decrease in serum albumin 
level. Elevated serum fibrinogen level may be associated with increased fibrinogen deposition in tumor tissue[24]. It has 
been found that fibrinogen has strong adhesion to tumor cells. With the help of thrombin, fibrinogen is converted into 
fibrin, which forms a physical barrier around tumor cells, helps them survive, and plays an important role in cancer 
progression[25]. Serum albumin has been recognized as not only an important indicator of nutritional status in cancer 
patients[26,27], but also a tumor suppressor that inhibits matrix metalloproteinase (MMP)-induced invasion and 
metastasis of HCC by modulating urokinase plasminogen activator surface receptor signaling[28]. In the advanced stages 
of cancer, albumin level also decreases with the increase in concentrations of other acute phase proteins[29]. These 
mechanisms can justify the positive connection between elevated serum FAR and compromised OS in HCC patients 
identified in the present study.

Subgroup analysis suggested that the FAR-OS association appeared to be stronger in patients with lower serum AST or 
CA125 Levels. AST is an enzyme that reflects liver damage and is often used to evaluate the progression of liver-related 
diseases. The clearance of serum AST decreases as liver function declines, causing elevated serum AST levels[30]. 
Elevated serum AST levels have been found to be independently related to inferior survival rates of HCC patients[31]. 
CA125 is a macromolecular glycoprotein synthesized and stored in the somatic cavity of epithelial cells and is not 
normally accessible to the circulation. Elevation in this indicator reflects various tumor behaviors that may be associated 
with severe cell damage, angiogenesis, vascular invasion, and destruction[32]. In some previously published studies, a 
higher serum CA125 level has been demonstrated to be prominently related to compromised prognosis of liver cancer 
patients[33]. These findings suggest that even if the reduction in serum FAR can be manipulated, little survival benefit 
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Figure 1 Kaplan-Meier survival curves for hepatocellular carcinoma patients with different baseline fibrinogen-to-albumin ratio levels. 
FAR: Fibrinogen-to-albumin ratio.

Figure 2 Dose-response association between baseline fibrinogen-to-albumin ratio and the overall survival of hepatocellular carcinoma by 
using the quartiles.
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Figure 3 Dose-response relationship between quantitative baseline fibrinogen-to-albumin ratio and the overall survival of hepatocellular 
carcinoma patients by using the restricted cubic spline. FAR: Fibrinogen-to-albumin ratio; HR: Hazard ratio.

Figure 4 Subgroup analysis stratified by aspartate aminotransferase, carbohydrate antigen 125 and clinical stage. 95%CI: 95% confidence 
interval; AST: Aspartate aminotransferase; CA125: Carbohydrate antigen 125; HR: Hazard ratio.
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can be achieved in HCC patients with higher AST or CA125 levels.
The present study’s major findings highlight the prognostic significance of serum FAR in HCC patients. The decrease 

in fibrinogen level or increase in albumin level, which result in reduced serum FAR, might be related to improved 
survival. Many drugs that lower serum fibrinogen level are currently available. For instance, fibrates directly reduce 
fibrinogen mRNA transcription in vitro and in vivo through their effect on peroxisome proliferator-activated receptor 
alpha[34]. It has been observed that benzofibrate significantly reduces serum fibrinogen level, which, in turn, is associated 
with the anti-tumor effect of benzofibrate as a biomarker or potential mediator[35]. In addition, MMPs and serine 
proteases contained in snake venom drugs also have a good fibrinogen-lowering effect[36]. Moreover, it has been 
reported that the median survival of HCC patients can be extended by taking low doses of aspirin[37]. Branched-chain 
amino acid (BCAA) supplementation is commonly used for correcting malnutrition issues in cancer patients, and it 
significantly increases serum albumin concentration[38]. It has been reported that BCAA supplementation can also 
alleviate the impairment of liver function in HCC patients after transarterial chemoembolization[39]. Some literature has 
reported that the administration of n-3 polyunsaturated fatty acids, especially eicosa-pentaenoic, can also help to 
maintain serum albumin level in cancer patients[40]. Nonetheless, the effect of either fibrinogen reduction or albumin 
supplementation aimed at improving the survival outcomes in HCC patients should be further validated by clinical 
experimental studies.

The main strengths of the present study include its comparatively large sample size. In addition, many potential 
confounders were simultaneously controlled for when analyzing the FAR-OS association. Furthermore, a dose-response 
trend revealed by the RCS further corroborated the stability of this FAR-OS association. However, some study limitations 
were present. First, analytical data were collected retrospectively, introducing a risk of information bias. Second, all HCC 
patients were from a single institution, which limits the ability to generalize the study results. Multi-centered longitudinal 
studies are needed to further validate the present study’s major findings.

CONCLUSION
In this retrospective study of 366 histologically confirmed HCC patients, serum FAR measured at disease diagnosis was 
found to be significantly associated with the OS. Patients with a higher baseline FAR had an increased death hazard with 
a prominent dose-response trend. This FAR-OS association was more prominent in HCC patients with lower serum AST 
or CA125 levels. The study findings have important implications for clinical treatment of HCC, suggesting that 
intervention measures aiming at reducing FAR might provide a survival benefit for this group of patients. Prospective 
studies with more representative samples should be carried out.

ARTICLE HIGHLIGHTS
Research background
Fibrinogen-to-albumin ratio (FAR) has been found significantly associated with survival of some types of cancer. Less is 
known regarding to its association with prognosis for hepatocellular carcinoma (HCC) patients.

Research motivation
We intend to thoroughly discuss the association between baseline serum FAR and the overall survival (OS) for HCC 
patients.

Research objectives
To provide estimation for the association between baseline FAR and the OS of HCC patients, and to discuss potential 
effect modification by some important characteristics of the patients.

Research methods
Retrospective study design was used to identify qualified HCC patients from a provincial cancer hospital in China. 
Relevant information was extracted from the Hospital Information System. Kaplan-Meier survival curves were plotted to 
compare the OS of HCC patients with different baseline serum FAR levels. Cox proportional hazards models were 
applied to estimate the adjusted association between FAR and the OS of HCC patients. The Restricted Cubic Spline was 
used to further delineate the dose-response association.

Research results
A lower baseline serum FAR level was associated with an adjusted hazard ratio of 2.43 (95% confidence interval: 
1.87–3.15) in the OS of HCC patients, with identifiable dose-response trend. The FAR-OS association was more prominent 
in HCC patients with a lower baseline serum aspartate aminotransferase or carbohydrate antigen 125 level.

Research conclusions
Serum FAR is a prominent prognostic indicator for HCC.



Sun H et al. FAR with OS of HCC

WJGO https://www.wjgnet.com 1670 September 15, 2023 Volume 15 Issue 9

Research perspectives
Intervention measures which aiming at regulating serum FAR might of clinical interest for treating HCC patients.
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TO THE EDITOR
Correction to: Li CH, Chen ZM, Chen PF, Meng L, Sui WN, Ying SC, Xu AM, Han WX. Interleukin-34 promotes the 
proliferation and epithelial-mesenchymal transition of gastric cancer cells. World J Gastrointest Oncol 2022; 14: 1968-1980 
[PMID: 36310707 DOI: 10.4251/wjgo.v14.i10.1968]. We identified the following error in  Figure 3A  of the original version 
of the published article: The image relative to "24 h, sh-RNA1" in the AGS cell wound healing assay was inserted 
incorrectly during the preparation of the submission. The correct Figure is provided in this correction (Figure 1). This 
correction will have no influence on the interpretation of the results and conclusion in this study. We apologize for any 
inconvenience this may have caused.

Figure 1 Interleukin-34 regulates the migration and invasiveness of AGS cells. A and B: Wound-healing assay revealed that downregulation of 
endogenous interleukin-34 significantly reduced the migration rate. Data derived from three independent experiments performed in triplicate and expressed as mean 
± SD, and aP < 0.05 was considered statistically significant.
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