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Abstract
Cancer incidence and mortality are increasing globally, leading to its rising status 
as a leading cause of death. The Go-Ichi-Ni-San (GINS) complex plays a crucial 
role in DNA replication and the cell cycle. The GINS complex consists of four 
subunits encoded by the GINS1, GINS2, GINS3, and GINS4 genes. Recent 
findings have shown that GINS2 expression is upregulated in many diseases, 
particularly tumors. For example, increased GINS2 expression has been found in 
cervical cancer, gastric adenocarcinoma, glioma, non-small cell lung cancer, and 
pancreatic cancer. It correlates with the clinicopathological characteristics of the 
tumors. In addition, high GINS2 expression plays a pro-carcinogenic role in tumor 
development by promoting tumor cell proliferation and migration, inhibiting 
tumor cell apoptosis, and blocking the cell cycle. This review describes the 
upregulation of GINS2 expression in most human tumors and the pathway of 
GINS2 in tumor development. GINS2 may serve as a new marker for tumor 
diagnosis and a new biological target for therapy.

Key Words: Go-Ichi-Ni-San; Go-Ichi-Ni-San 2; Cancer; Biomarker; Clinicopathological 
characteristics; Molecular mechanism
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Core Tip: The Go-Ichi-Ni-San (GINS) complex plays a crucial role in DNA replication and the cell cycle. 
The GINS complex consists of four subunits encoded by the GINS1, GINS2, GINS3, and GINS4 genes. 
This review explores the differential expression of GINS2 as a novel target in human cancers. GINS2 is 
upregulated in most tumors and can influence tumorigenesis and progression through competing 
endogenous RNA effects and signaling pathways. Therefore, GINS2 may become a new target for the 
diagnosis and treatment of many cancers.

Citation: Shan DD, Zheng QX, Chen Z. Go-Ichi-Ni-San 2: A potential biomarker and therapeutic target in human 
cancers. World J Gastrointest Oncol 2022; 14(10): 1892-1902
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/1892.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.1892

INTRODUCTION
Cancer ranks as the second leading cause of death worldwide, and the burden of cancer is growing, 
with approximately 9.6 million deaths due to cancer in 2018. Unfortunately, many cancer patients 
worldwide do not have access to timely, high-quality diagnosis and treatment (World Health 
Organization, https://www.who.int/cancer/en/). It is therefore crucial to more fully understand how 
cancer develops and to identify new markers for its diagnosis and new targets for its treatment.

In 2003, Takayama et al[1] described Go-Ichi-Ni-San (GINS) for the first time. The GINS complex is 
conserved in eukaryotic cells and is essential for DNA replication. When the DNA replication fork is 
opened, GINS is required to maintain the association between the microchromosome maintenance 
protein (MCM) and Cdc45 in the large replicator complex[1]. The GINS complex acts as a replicative 
helicase that unlocks the double-stranded DNA prior to the moving replication fork[2]. The GINS 
complex consists of four subunits encoded by the GINS1, GINS2, GINS3, and GINS4 genes. GINS2, also 
known as Psf2, is located in regions 2 and 4 of the long arm of chromosome 16 with a length of 1196 bp
[2], as shown in Figure 1. Recent results suggest that GINS2 expression is upregulated in many diseases, 
especially tumors, and adversely affects prognosis, such as in patients with cervical cancer (CC)[3], 
breast cancer (BC)[4,5], gastric adenocarcinoma[6], glioma[7], non-small cell lung cancer (NSCLC)[8,9], 
and pancreatic cancer[10,11].

In this review, we reviewed associated reports and searched the PubMed database from February 
2008 to April 2022 using the keywords “GINS2” and “cancer”. After excluding articles from letters, case 
reports, reviews, meta-analyses, or conference reports, 55 articles describing the expression of GINS2 in 
human cancers and its relevance to clinical features, as well as the pathways of GINS2 in tumors, were 
included for further analysis. We also cited high-quality articles in Reference Citation Analysis (
https://www.referencecitationanalysis.com). It is reasonable to assume that GINS2 may become a 
marker in cancer diagnosis and a biological target for prognosis.

EXPRESSION PROFILES OF GINS2 IN CANCERS
Numerous studies have investigated the expression levels of GINS2 in human tissues. The results show 
that GINS2 expression is increased in most tumors compared to normal tissues and correlates with 
various clinicopathological features. It has been demonstrated that GINS2 is expressed at higher levels 
in tumor tissue than in adjacent normal tissue, such as in CC[3], gastric adenocarcinoma[6], glioma[7], 
NSCLC[8,9], pancreatic cancer[10,11], and thyroid cancer (TC)[12,13]. Specifically, analysis of potential 
correlations between GINS2 expression levels and clinicopathological features has indicated that high 
GINS2 expression levels are closely associated with tumor size[6,10], tumor nodal metastasis (TNM) 
stage[6,8], pathological grade[7] and vascular permeation[10]. These conclusions imply that GINS2 may 
act as a tumor promoter. A summary of data obtained from published studies is provided in Table 1.

MOLECULAR PATHWAYS INVOLVED IN GINS2
In most tumors, elevated levels of GINS2 expression can increase malignant features such as tumor cell 
proliferation[3-7], migration[8,13,14], invasion[8,13], epithelial-mesenchymal transition (EMT)[8,10], 
anti-apoptosis effects[12-16] and cell cycle arrest[7,9,11,12], as shown in Figure 2, which are related to 
the many mechanisms GINS2 is involved in, as shown in Figure 3 and Table 2.

https://www.wjgnet.com/1948-5204/full/v14/i10/1892.htm
https://dx.doi.org/10.4251/wjgo.v14.i10.1892
https://www.who.int/cancer/en/
https://www.referencecitationanalysis.com
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Table 1 The expression and clinical significance of Go-Ichi-Ni-San 2 in cancer

Cancer types Cases Expression Clinicopathologic parameters Ref.

Cervical cancer 155 
pairs

Upregulated Pelvic lymph node metastasis, SCC-Ag, deep stromal invasion, vital status, 
recurrence

Ouyang et al
[3]

Gastric adenocar-
cinoma

123 
pairs

Upregulated Tumor size, T stage, LN metastasis Feng et al[6]

Glioma 120 
pairs

Upregulated Uathological grade Shen et al[7]

Glioma 37 pairs Upregulated / Chi et al[9]

Glioma 63 pairs Upregulated TNM stage, clinical stage Liu et al[8]

Pancreatic cancer 74 pairs Upregulated Tumor size, T stage, vascular permeation Huang et al[10]

Pancreatic cancer 46 pairs Upregulated / Bu et al[11]

Ovarian cancer 30 pairs Upregulated / Zhan et al[14]

TNM: Tumor nodal metastasis; LN: Lymph node; SCC-Ag:  Squamous cell carcinoma antigen.

BC
BC has high morbidity and mortality rates. However, there is still no cure, and patients diagnosed at a 
late stage often have a poor survival rate, and therefore it is crucial to better understand the mechanisms 
of breast cancer development[20]. Matrix metalloproteinases (MMPs) are zinc (Zn2+)-dependent 
endopeptidases involved in the remodeling of the extracellular matrix during physiopathological 
processes[21]. MMPs play an important role in development, wound healing, tissue remodeling and 
angiogenesis, with angiogenesis playing a key role in the growth and development of tumors[22]. 
MMP9 is one of these MMPs and belongs to the gelatinase family[23]. It degrades gelatine and collagen 
types IV, V, XI and XVI in tissue remodeling and has a significant impact on tumor invasion and 
metastasis[24]. Peng et al[4] found that knockdown of GINS2 in breast cancer resulted in a significant 
reduction in MMP9, and GINS2 may regulate the invasive and stem cell-like properties of breast cancer 
cells through MMP9. The above findings suggest that the expression of GINS2 may be closely related to 
the prognosis and survival of BC patients.

Bladder cancer
Bladder cancer has a high incidence of cancer of the urinary system, and 150000 people die of bladder 
cancer each year[25]. Targets for the effective diagnosis and treatment of bladder cancer are vital. Tian et 
al[26] found that GINS2 mRNA was a downstream target of miR-22-3p in bladder cancer cells and that 
knockdown of GINS2 suppressed the phenotype of tumor cells. Similar results were found in bladder 
cancer cells by Dai et al[27].

Colon cancer
The incidence and mortality rate of colon cancer remain high and pose a substantial global burden[28]. 
Exploring new targets for colon cancer is particularly critical. In cells, protein tyrosine phosphatases 
(PTPs) have a vital role in regulating tyrosine phosphorylation levels and numerous physiological 
processes[29]. PTP4A1 belongs to the tripentenyl PTP subclass (PTP4A1/2/3)[30]. Hu et al[31] found 
that GINS2 interacted with PTP4A1 to regulate the proliferation and apoptosis of colon cancer cells. This 
finding indicates that GINS2 may be a potential new molecular target for colon cancer.

Ovarian cancer
In 2018, the worldwide incidence of ovarian cancer (OC) was 6.6 per 100000[32]. Zhan et al[14] found 
that miR-502-5p can inhibit GINS2 expression through the activity of a competing endogenous RNA, 
which inhibits OC progression by suppressing OC cell growth and promoting apoptosis. In summary, 
GINS2 can be used as a downstream molecule to influence OC development, and GINS2 may be a new 
OC target.

Glioma
Gliomas are the most commonly occurring primary malignancies in the brain, with significantly higher 
recurrence and mortality rates[33]. In addition, the prognosis of patients is poor, methods to 
significantly improve patient survival are lacking, and research into the mechanisms of glioma is 
urgently needed. Minichromosome maintenance complex component 2 (MCM2) belongs to the 
minichromosome maintenance protein complex and consists of 6 highly conserved proteins (MCM2-7)
[34]. Ataxia telangiectasia mutated (ATM) is an important upstream signaling molecule that controls the 
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Table 2 The mechanism of action of Go-Ichi-Ni-San 2 in various cancers

Cancer types Assessed cancer cell 
lines Expression Related genes and 

pathways Biological significance Ref.

Bladder cancer 5637, T24 Up miR-515-5p Proliferation, migration, 
invasion, EMT

Dai et al[27]

Bladder cancer RT4, T24, J82, 5637 Up miR-22-3p Proliferation, colony 
formation, anti-apoptosis

Tian et al[26]

Breast cancer MCF10A, T47D, MCF-7, 
SUM149, SUM159, MDA-
MB-231, MDA-MB-468, 
HS578 

Up MMP9 Proliferation, cell cycle, 
migration, invasion, stem-
like feature

Peng et al[4]

Breast cancer HCC-1937, MCF-10A, 
MDA-MB-231, T-47D, 
JIMT-1

Up / Proliferation, cell cycle Rantala et al[5]

Cervical cancer SiHa, HeLa, C33A, Caski, 
MS751, ME180

Up / Proliferation, migration, 
invasion

Ouyang et al[3]

Colon cancer HCT116, LS174T, HCT8, 
SW620

Up PTP4A1 Proliferation, cell cycle, 
anti-apoptosis

Hu et al[31]

Ovarian cancer SKOV3, CaOV3, OVCAR3 Up miR-502-5p Proliferation, migration, 
anti-apoptosis

Zhan et al[14]

Ovarian cancer SKOV-3, OVCAR3 Up / Proliferation, anti-
apoptosis, cell cycle

Yan et al[15]

Gastric adenocarcinoma KATO-III, MKN45 Up / Proliferation Feng et al[6]

Gliomas U87, U251 Up MCM2, ATM, CHEK2 Proliferation, cell cycle, 
anti-apoptosis

Shen et al[7]

Leukemia HL60 Up Bax, Bcl2, ATM, CHK2, 
P53

Proliferation, cell cycle, 
anti-apoptosis

Zhang et al[16]

Leukemia K562, NB4 Up p38/MAPK Anti-apoptosis, cell cycle Gao et al[19]

Lung cancer 95D, A549, NCI-H1299, 
NCI-H1975

Up STAT Proliferation, growth, 
colony formation, cell cycle

Sun et al[17]

Lung cancer A549, H460 Up p53/GADD45A Proliferation, anti-
apoptosis, cell cycle

Chi et al[9]

Lung cancer H1975, H1299, A549, SPC-
A1, H460

Up PI3K/Akt, MAPK/ERK Proliferation, migration, 
invasion, EMT

Liu et al[8]

Pancreatic cancer PANC-1, BxPC-3 Up MAPK/ERK Proliferation, anti-
apoptosis, cell cycle

Zhang et al[18]

Pancreatic cancer Aspc-1, Bxpc-3, PANC-1, 
Miapaca-2

Up MAPK/ERK EMT Huang et al[10]

Pancreatic cancer PANC-1, AsPC-1 Up / Proliferation, cell cycle Bu et al[11]

Thyroid cancer K1, SW579 Up CITED2, LOXL2 Proliferation, anti-
apoptosis, cell cycle

Ye et al[12]

Thyroid cancer K1, SW579 Up MAPK Proliferation, migration, 
invasion, anti-apoptosis

He et al[13]

EMT: Epithelial-mesenchymal transition; MMP9: Matrix metalloproteinase-9; PTP4A1: Protein tyrosine phosphatase 4A1; MCM2: Microchromosome 
maintenance protein 2; ATM: Ataxia telangiectasia mutated; CHEK2: Checkpoint kinase 2; Bax: BCL2-associated x; Bcl2: B-cell lymphoma 2; CHK2: Cell 
kinase cyclecheckpoint 2; MAPK: Mitogen-activated protein kinase; STAT: Signal transducer and activator of transcription; GADD45A: Growth arrest and 
DNA damage inducible alpha; ERK: Extracellular signal-regulated kinase; CITED2: Cbp/P300-interacting transcription factor 2; LOXL2: Lysine oxidase-
like 2.

cell cycle and phosphorylates and activates CHEK2 during DNA replication or upon stimulation by 
other substances, halting the cell cycle[35-37]. Shen et al[7] used laser confocal microscopy to reveal the 
relationship between MCM2 and ATM in glioma cells. Additionally, it was reported that inhibition of 
GINS2 expression reduced cell proliferation and tumorigenicity and that GINS2 could block the cell 
cycle by regulating MCM2, ATM, CHEK2 and other downstream molecules[7]. GINS2 could be a 
prognostic indicator and potential therapeutic target for glioma.
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Figure 1 The position and structure of Go-Ichi-Ni-San 2. A: The chromosomal localization of Go-Ichi-Ni-San 2 (GINS2) (GeneCards, http://www.
genecards.org); B: GINS2 expression is usually concentrated in the nucleus and cytosol (GeneCards, http://www.genecards.org); C: The structure of the GINS2 
protein (AlphaFold Protein Structure Database, http://www.alphafold.ebi.ac.uk). The positions of the C- and N-termini and α-domains and β-domains in each subunit 
are indicated.

Leukaemia
Leukaemia is a blood cancer that originates in the bone marrow and is one of the leading causes of 
death from tumors in humans. In 2016, there were 467000 new cases of leukaemia and 310000 deaths 
from leukaemia worldwide. Early detection of effective treatment options for leukaemia can help reduce 
mortality[38]. Mitogen-activated protein kinase (MAPK) is a serine/threonine-protein kinase found in 
eukaryotic cells that can be activated by various internal and external stimuli. Upon activation, MAPK 
transmits extracellular signals to the nucleus and affects cellular functions by modulating the activity of 
transcription factors to alter the expression of related genes[39]. The p38/MAPK signaling pathway is a 
member of the MAPK superfamily. Gao et al[19] reported that GINS2 knockdown caused cell cycle 
arrest in chronic granulocytic leukaemia cells and acute promyelocytic leukaemia cells at the G2 phase 
through activation of p38/MAPK.

ATM-Chk2 and ATM-Chk1 are key signaling pathways that mediate the DNA damage response, and 
activation of these pathways is critical for the coordination of checkpoint and DNA repair processes. 
The DNA damage response is crucial to both cancer progression and treatment. p53 oncogene mutations 
are a way to evade the oncogenic barrier during tumor progression[40]. The findings of Zhang et al[16] 
suggest that the ATM, Chk2 and p53 genes may play a role in the pathogenic signaling pathway of 
human acute promyelocytic leukaemia when the GINS2 gene is downregulated. The above studies 
suggest that GINS2 contributes to the diagnosis and treatment of leukaemia.

http://www.genecards.org
http://www.genecards.org
http://www.genecards.org
http://www.alphafold.ebi.ac.uk


Shan DD et al. GINS2: A target in cancers

WJGO https://www.wjgnet.com 1897 October 15, 2022 Volume 14 Issue 10

Figure 2 The effect of Go-Ichi-Ni-San 2 on the malignant characteristics of tumour cells. GINS2: Go-Ichi-Ni-San 2; MAPK: Mitogen-activated protein 
kinase; ERK: Extracellular signal-regulated kinase; STAT: Signal transducers and activator; EMT: Epithelial-mesenchymal transition; ATM: Ataxia telangiectasia 
mutated.

NSCLC
Lung cancer is the leading cause of cancer deaths, with NSCLC accounting for approximately 85% of all 
lung cancers[41]. Patients with NSCLC are often at an advanced stage at the time of detection. A better 
understanding of the development and evolution of NSCLC is needed to improve this situation. 
GADD45A is a protein whose expression is regulated over the entire cell cycle, with levels of this 
protein at their highest in the G1 phase and significantly reduced in the S phase. p53 is a member of the 
GADD45 (growth arrest and DNA damage induction) family and is responsible for maintaining 
genomic stability. Wild-type p53 protein arrests cell proliferation, inhibits cell division at the G1 
checkpoint and contributes to the repair of damaged DNA. p53 mutations predispose cells to cellular 
malignancy and tumor formation during the S-phase of damaged DNA. GADD45A-mediated G2-M 
arrest was found to be dependent on wild-type p53, which controls cell proliferation/apoptosis by 
regulating cell cycle phases[42]. The results of Chi et al[9] showed that GINS2 expression was increased 
in NSCLC tissues and cell lines and could promote cell proliferation and inhibit apoptosis via the 
p53/GADD45A pathway.

Studies have shown that noncanonical nuclear factor-kappaB (NF-κB) transcription factors regulate 
several normal cellular and tissue processes, such as inflammatory responses, immunity, cell growth, 
and apoptosis[43,44]. NF-κB is an important “transcription factor”, and aberrant activation of NF-κB 
signaling has been implicated in the pathogenesis of many diseases, especially tumors[45-47]. Tumor 
necrosis factor-inducible protein 3 (TNFAIP3) encodes TNFAIP3 (also known as A20) and is a critical 
negative regulator of NF-κB signaling[48]. Family members of transcription signal transducers and 
activators (STATs) have been identified as key proteins involved in cytokine signaling and interferon-
related antiviral activity[49-51]. Their signaling activities are involved in many normal physiological 
cellular processes, including proliferation, differentiation, apoptosis, and angiogenesis. However, 
aberrant STAT regulation can lead to various pathological events, such as malignant cell transformation 
and metastasis[52]. Sun et al[17] found that after GINS2 gene knockout, the expression of STAT1 and 
STAT2 proteins increased, which inhibited tumor migration and proliferation. The protein expression of 
TNFAIP3 increased, suggesting that TNFAIP3 participates in the activity of GINS2 and could be 
involved in the spread and migration of NSCLC.

Both the PI3K/Akt and MEK/extracellular signal-regulated kinase (ERK) pathways have been 
reported to be associated with EMT in tumors[53,54]. Liu et al[8] also found that GINS2 could enhance 
the proliferation, migration, invasion and EMT of NSCLC cells in vivo and in vitro and further 
demonstrated that GINS2 could regulate the PI3K/Akt and MEK/ERK signaling pathways. In 
conclusion, GINS2 may be a therapeutic target for NSCLC.
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Figure 3 The participating pathways of Go-Ichi-Ni-San 2. GINS2: Go-Ichi-Ni-San 2; MAPK: Mitogen-activated protein kinase; ERK: Extracellular signal-
regulated kinase; STAT: Signal transducers and activator; EMT: Epithelial-mesenchymal transition; MAPKKK: MAP kinase kinase kinase; MMPs: Matrix 
metalloproteinases; MEK: Mitogen-activated protein kinase; MKK3/6: MAP kinase kinase 3/6; MCM2: Minichromosome maintenance complex component 2; CHEK2: 
Checkpoint kinase 2; ATM: Ataxia telangiectasia mutated; CHK2: Cell kinase cyclecheckpoint2; PTP4A1: Protein tyrosine phosphatase 4A1; CITED2: Cbp/P300-
interacting transcription factor 2; LOXL2: Lysyl oxidase like 2; GADD45A: Growth arrest and DNA damage inducible alpha; JAK: Janus kinase; mTOR: Mammalian 
target of rapamycin.

Pancreatic cancer
Due to the adverse survival prognosis of pancreatic cancer, the number of deaths is almost as high as 
the number of patients, and morbidity and mortality rates have remained stable or increased slightly in 
many countries[55]. It is therefore of interest to identify new targets for the diagnosis and treatment of 
pancreatic cancer. ERKs belong to the MAPK family and function in signaling cascades that transmit 
extracellular signals to cells. MAPK cascades are key signaling elements that regulate key processes 
such as cell proliferation, differentiation, and stress responses[56-58]. The ERK cascade is a tightly 
controlled cascade responsible for fundamental cellular processes. Excessive activation of proteins and 
kinases in the ERK pathway has been shown to contribute to a variety of diseases, including cancer, 
inflammation, developmental disorders, and neurological disorders[59,60]. Huang et al[10] found that 
overexpression of GINS2 in pancreatic cancer could stimulate EMT in vitro. In MiaPaCa-2 and PANC-1 
cells with high GINS2 expression, GINS2 colocalized and coprecipitated with ERK, suggesting that 
GINS2 interacts closely with the MAPK/ERK pathway. Zhang et al[18] used small interfering RNA to 
reduce GINS2 expression and explored its mechanism of action in pancreatic cancer. Their results 
showed that GINS2 interference inhibited pancreatic cancer cell viability through the MAPK/ERK 
pathway, induced cell cycle arrest and promoted apoptosis in pancreatic cancer cell lines. The above 
findings suggest that GINS2 may play a negative role in pancreatic cancer and has a guiding role in 
treating pancreatic cancer.

TC
Since the 1980s, the incidence of TC has increased rapidly in most parts of the world. However, the 
aetiology of TC is not well understood, and the study of its development is particularly critical in its 
prevention and treatment[55]. Cbp/p300-interacting transcription factor 2 (CITED2) has a Glu/asp-rich 
carboxy-terminal domain and is a non-DNA-binding transcriptional coregulator. CITED2 can directly 
bind to host transcription factors and coactivators, interacting with them to activate gene transcription 
and affect their function[61]. Several studies have demonstrated that interference with CITED2 can 
induce apoptosis[62]. Lysine oxidase class 2 (LOXL2) is a member of the lysine oxidase (LOX) family, 
and some researchers have found that overexpression of LOXL2 activates cell growth in BC. In addition, 
LOXL2 can directly bind to substrate-like 1 of myristoylation alanine-rich kinase (MARCKSL1), activate 
the FAK/Akt/mTOR signaling pathway, and inhibit MARCKSL1-induced apoptosis[63]. Ye et al[12] 
found that GINS2 plays a role in TC cell proliferation and apoptosis by regulating the expression of 
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CITED2 and LOXL2 in TC cells. He et al[13] reported that GINS2 plays a vital role in the survival, 
migration and invasion of TC cells and regulates the MAPK signaling pathway. GINS2 may be a 
potential biomarker for TC diagnosis or prognosis and a drug target for treatment.

CONCLUSION
Most studies have shown that GINS2 expression is upregulated in tumor tissues such as CC, gastric 
adenocarcinoma, glioma, pancreatic cancer and OC compared to adjacent normal tissues, while GINS2 
expression levels correlate with various clinicopathological parameters such as tumor size and TNM 
stage. These findings suggest that GINS2 can promote tumor progression by regulating tumor cell 
proliferation, apoptosis, migration, the cell cycle and EMT. In addition, at the cellular level, GINS2 
affects the function of several pro- or oncogenic molecules through several signaling pathways, leading 
to poor patient prognosis. These results imply that GINS2 may be a new target in the diagnosis and 
treatment of certain tumors.

Currently, there are few publications on interfering with GINS2 in tumor therapy, and no corres-
ponding inhibitors have been reported. In contrast, GINS2 expression is increased in the vast majority of 
tumors compared to normal tissues, which may make it possible to interfere with GINS2 expression and 
inhibit GINS2 protein function as an effective way to control tumor development. In future research, 
potent agents can be explored through molecular docking based on the GINS2 structure, for example.

In conclusion, a better understanding of the role of GINS2 in clinicopathological features and 
mechanisms of tumor development may help improve diagnostic and therapeutic outcomes. Further 
studies on GINS2 and its regulatory mechanisms may help improve prevention and treatment based on 
patient biological and pathological characteristics.
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Abstract
Currently, 15 randomized controlled trials (RCTs) have been designed to 
investigate whether neoadjuvant therapy (NAT) benefits patients with resectable 
pancreatic adenocarcinoma (R-PA) compared to surgery alone. Five of them have 
acquired results so far; however, corresponding conclusions have not been 
obtained. We speculated that the reason for this phenomenon could be that some 
prognostic factors had proven to be adverse through upfront surgery curative 
patterns, but some of them were not regarded as independent baseline character-
istics, which is important to obtaining comparability between the NAT and 
upfront surgery groups. This fact could cause bias and lead to the difference in the 
outcomes of RCTs. In this review, we collate data about risk factors (such as 
tumor size, resection margin, and lymph node status) influencing the prognoses 
of patients with R-PA from five RCTs and discuss the possible reasons for the 
varying outcomes.

Key Words: Neoadjuvant therapy; Resectable; Pancreatic cancer; Prognosis
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Core Tip: In this review, we collate data about risk factors influencing the prognoses of 
patients with resectable pancreatic cancer from five randomized controlled trials (RCTs) 
and discuss the possible reasons for the varying outcomes. By comparing the overall 
survival of two RCTs, we speculated that neoadjuvant therapy might actually benefit 
patients with low-risk factors for long-term survival. Moreover, we address some 
suggestions for the RCTs in the future.
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INTRODUCTION
Pancreatic cancer (PC) is a malignancy with a very high mortality and poor prognosis. Patients usually 
die in a short time due to the progression of the tumor. To moderate progression, curative-intent 
surgery is necessary. Unfortunately, not all PC patients are eligible for resection, and only approx-
imately 15% to 20% of patients have resectable PC[1]. To improve survival outcomes, adjuvant chemo-
therapy and neoadjuvant therapy (NAT) have been used in selected patients with pancreatic ductal 
adenocarcinoma (PDAC). NAT includes neoadjuvant chemotherapy (NACT), neoadjuvant radiothe-
rapy, and neoadjuvant chemoradiotherapy (NACRT). According to the National Comprehensive Cancer 
Network (NCCN) guidelines, pancreatic tumors are classified as resectable when there is no arterial 
contact [celiac axis, superior mesenteric artery (SMA), or common hepatic artery (CHA)] and no venous 
tumor contact with the superior mesenteric vein (SMV) or portal vein (PV). If there is venous contact, 
there must be less than 180° of contact without any vein contour irregularities to classify the case as 
resectable pancreatic adenocarcinoma (R-PA). Borderline resectable pancreatic adenocarcinoma (BR-PA) 
is defined as tumors that have tumor contact with the PV or SMV or with the peripancreatic major 
arteries, including the celiac artery (CA), the CHA, and the SMA. Tumors with contact with the SMA or 
CA > 180° or an unreconstructable SMV or PV due to tumor involvement or occlusion are classified as 
locally advanced. Although NAT has been proved to be beneficial in patients with either BR-PA or 
locally advanced tumors[2-4], there is no specific standard for NAT for R-PA. The main controversy is 
that the progression of PC might occur during NAT, which would preclude surgical resection. In 
addition, it remains questionable whether NAT actually benefits R-PA. According to the NCCN 
guidelines, R-PA patients should receive surgery first, and only those R-PA with some risk factors, such 
as a high carbohydrate antigen 19-9 (CA19-9) level, large tumor size, and positive lymph nodes, are 
recommended to undergo NAT. The regimens of NAT for PDAC patients are based on regimens that 
were proved to significantly improve disease-free survival (DFS) and overall survival (OS), such as 
gemcitabine plus albumin-bound nab-paclitaxel, oxaliplatin, gemcitabine plus cisplatin, and 5 
fluorouracil, but there have not yet been studies of which is better. The NCCN guidelines recommend 
FOLFIRINOX or modified FOLFIRINOX ± subsequent chemoradiation or gemcitabine + albumin-bound 
paclitaxel ± subsequent chemoradiation for R-PA. In R-PA patients with known BRCA1/2 or PALB2 
mutations, FOLFIRINOX or modified FOLFIRINOX ± subsequent chemoradiation or gemcitabine + 
cisplatin (≥ 2–6 cycles) ± subsequent chemoradiation is preferred.

The conclusions have been inconsistent after analyzing the outcomes of all of the current randomized 
controlled trials (RCTs); for example, the results from the phase II FRENCH SFRO-FFCD 97-04 trial 
showed that NACRT is feasible for patients with R-PA[5], but in another previous meta-analysis, 
NACRT could not be recommended for patients with R-PA[6]. Some prognostic factors have been 
proved to be adverse through upfront surgery curative patterns, but some of them have not been 
regarded as independent baseline characteristics, which is important for obtaining comparability 
between the NAT and upfront surgery groups. This fact could cause bias and lead to the differences in 
the outcomes of RCTs. Moreover, the NAT regimens are out of date in some research, which could also 
lead to negative outcomes.

This review focuses on the deficiencies of and data from current high-quality RCTs and provides 
suggestions for future RCTs.

STUDIES OF NAT IN RESECTABLE PANCREATIC CARCINOMA
The RCTs on NAT in resectable PC included in this review are listed in Table 1. There are ten other 
registered RCTs comparing NAT and upfront surgery for R-PA patients: One is not yet recruiting, three 
are recruiting, two are active but not recruiting, two are terminated, and two are completed. Information 
about these RCTs is listed in Table 2.

Five RCTs are introduced in detail as follows. The first is a German trial (NCT00335543), which was 
completed in 2013[7]. This study was the first prospective, randomized, phase II trial. A total of 254 
patients were initially enrolled, but only 66 were actually enrolled until the trial was completed. Thirty-
three patients were allocated to the NAT group, and another 33 were allocated to the upfront surgery 
group. The NAT regimen was gemcitabine and cisplatin plus radiotherapy. However, resectability was 
defined as no organ infiltration except the duodenum and maximal involvement of the peripancreatic 
vessels ≤ 180° confirmed by high-resolution CT. Thus, some patients who should have been regarded as 
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Table 1 Outcomes of randomized controlled trials included in the review

Ref. Country NCT 
number/Name Treatment arm N mOS 

(mo) pN0 rate Resection 
rate R0 rate ITT R0 

rate

Golcher et al[7] Germany NCT00335543 Upfront surgery 33 14.4 10/33 
(30%)

23/33 (70%) 16/23 
(70%)

16/33 
(48%)

GEM/CIS + RT 33 17.4 13/33 
(39%)

19/33 (58%) 17/19 
(89%)

17/33 
(52%)

Versteijne et al
[8]

Netherlands PREOPANC Upfront surgery 68 14.6 NM 54/68 (79%) 32/54 
(59%)

32/68 
(47%)

GEM + RT 65 15.6 NM 44/65 (68%) 29/44 
(66%)

29/65 
(45%)

Casadei et al[9] Italy - Upfront surgery 20 19.5 2/20 (10%) 15/20 (75%) 5/15 (33%) 5/20 (25%)

GEM + RT 18 22.4 5/18 (28%) 11/18(61%) 7/11 (64%) 7/18 (39%)

Reni et al[10] Italy PACT-15 Upfront surgery 
(GEM)

26 20.4 6/22 (27%) 22/26 (84%) 6/22 (27%) 6/26 (23%)

Upfront surgery 
(PEXG)

30 26.4 7/27 (26%) 27/30 (90%) 10/27 
(37%)

10/30 
(33%)

PEXG 32 38.2 13/27 
(48%)

27/32 (84%) 17/27 
(63%)

17/32 
(53%)

Satoi et al[11] Japan Prep-02/JSAP-05 Upfront surgery 180 26.3 NM 72% NM NM

GEM + S-1 182 36.7 NM 77% NM NM

CIS: Cisplatin; GEM: Gemcitabine; RT: Radiotherapy; PEXG: Cisplatin, epirubicin, capecitabine, and gemcitabine; mOS: Median overall survival; pN0: 
Pathological N0; NM: Not mentioned; ITT: Intention to treat.

BR-PA cases according to the latest NCCN guidelines were deemed to be R-PA cases.
The second is a Dutch randomized, phase III PREOPANC trial[8]. Notably, this trial included both R-

PA and BR-PA patients, and only data about R-PA are discussed in this review. The largest difference in 
this study compared to three other trials was that it excluded T1 resectable tumors (< 2 cm, without 
vascular involvement). The planned number of subjects to be included was 244, but 246 eligible patients 
were ultimately enrolled, and 133 were eligible for resection. After random assignment, 68 R-PA 
patients were allocated to the upfront surgery group and another 65 to the NAT group. The NAT 
regimen was gemcitabine plus radiotherapy. Nevertheless, the resectability was also different from the 
latest NCCN guidelines. In this research, a tumor without arterial involvement and with venous 
involvement < 90° was considered resectable, and a tumor with arterial involvement < 90° and/or 
venous involvement between 90° and 270° without occlusion was considered borderline resectable. This 
categorization meant that some patients who should have been regarded as R-PA cases (venous 
involvement between 90° and 180°) were classified as BR-PA cases.

The third is an Italian trial that required 32 patients per group, but only 38 were eventually enrolled 
overall[9]. The protocol or the registration number of this trial was not found. Twenty patients were 
assigned to the upfront surgery group, and 18 were assigned to the NAT group. The regimen was 
gemcitabine plus radiotherapy. Resectability corresponded to the latest NCCN guidelines.

The fourth is a phase II Italian trial (PACT-15)[10]. The enrollment was also less than expected; only 
98 eligible patients were included, while it was estimated that 1040 patients would be enrolled. Finally, 
only 88 patients were randomly assigned to three groups: 26 in Group A received postoperative 
adjuvant intravenous gemcitabine, 30 in Group B received postoperative adjuvant PEXG (intravenous 
cisplatin, epirubicin, gemcitabine, and oral capecitabine), and 32 in Group C received preoperative and 
postoperative PEXG. The resectability criteria were stricter than the latest NCCN guidelines; only 
tumors without contact with arteries or veins were regarded as resectable, so some R-PA cases (with 
venous invasion < 180° without vein contour irregularities) was deemed BR-PA.

The last is a Japanese phase III trial that has not been published but was reported at the 2019 ASCO 
annual meeting[11]. A total of 360 patients were needed, and a total of 362 eligible patients were 
randomly allocated to the NAT group (n = 182) or the upfront surgery group (n = 180). The NAT 
regimen was gemcitabine plus S-1. Patients with PV involvement and without arterial involvement 
were deemed resectable in this research; furthermore, those with PV involvement > 180° were regarded 
as BR-PA cases according to the latest NCCN guidelines. However, details such as baseline character-
istics or the proportion of patients with BR-PA were not posted. Thus, the outcomes might not be 
authoritative.
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Table 2 Ongoing randomized controlled trials comparing surgery alone with neoadjuvant therapy followed by surgery for resectable 
pancreatic cancer

Trial name NCT 
number Phase Status Estimated 

enrollment Treatment arm Primary 
endpoint

Study 
start date

Estimated 
primary 
completion 
date

Estimated 
study 
completion 
date

ICI20-00047 NCT05181605 II/III Not yet 
recruiting

116 FOLFIRINOX and 
SBRT with surgery

OS January 
2022 

January 2023 December 2024

Upfront surgery

CISPD-1 NCT03750669 II Recruiting 416 nPt/GEM and 
mFOLFIRINOX 
with surgery

DFS October 
2018

October 2023 October 2024

Upfront surgery

A021806 NCT04340141 III Recruiting 352 mFOLFIRINOX 
with surgery

OS July 2020 January 2026 November 
2030

Upfront surgery

PREOPANC NCT04927780 III Recruiting 378 mFOLFIRINOX 
with surgery

OS September 
2021

February 2026 July 2029

Upfront surgery

AIO-PAK-0313 NCT02047513 II Active, not 
recruiting

1271 nPt/GEM with 
surgery

DFS July 2015 April 20212 October 20223

Upfront surgery

NorPACT-1 NCT02919787 II/III Active, not 
recruiting

140 FOLFIRINOX with 
surgery

1-yr OS September 
2016

October 2022 April 2026

Upfront surgery

NEOPAC NCT01314027 III Terminated 381 GEM/oxaliplatin 
with surgery

PFS September 
2009

December 
20182

May 20193

Upfront surgery

NEOPA NCT01900327 III Terminated 321 GEM and EBRT 
with surgery

3-yr 
survival 
rate

February 
2014 

November 
20162

July 20173

Upfront surgery

NEOPAC/IPC 
2011-002

NCT01521702 III Completed 21 GEM/Oxaliplatin 
with surgery

PFS December 
2011 

February 20152 February 20153

Upfront surgery

NEPAFOX NCT02172976 II/III Completed 401 FOLFIRINOX with 
surgery

mOS November 
2014 

January 20202 May 20203

Upfront surgery

1Actual enrollment.
2Actual primary completion date.
3Actual study completion date.
SBRT: Stereotactic body radiotherapy; OS: Overall survival; nPt: Nab-paclitaxel; GEM: Gemcitabine; DFS: Disease-free survival; PFS: Progression-free 
survival; EBRT: External beam radiation.

Data about the median OS (mOS) of these RCTs are listed in Table 3. In the NCT00335543 trial[7], the 
mOS was 14.4 mo in the surgery group compared to 17.4 mo in the NAT group. In the Dutch trial[8], the 
mOS was comparable between the NAT group (15.6 mo) and the surgery group (14.6 mo). The outcome 
was similar in another RCT, in which the mOS was 19.5 and 22.4 mo in the upfront surgery group and 
the NAT group, respectively[9]. In the PACT-15 trial[10], the mOS in the NAT group (38.2 mo) was 
better than that in the upfront surgery groups (20.4 and 26.4 mo, respectively). However, data from the 
Prep-02/JSAP-05 study were inspiring; the mOS was 36.7 mo in the NAT group compared to 26.6 mo in 
the upfront surgery group (P = 0.015)[11].

The reasons for the different outcomes of these RCTs could include the following. First, three RCTs 
(the NCT00335543 trial, the Italian single-center trial, and the PACT-15 trial) obtained smaller 
enrollment than initially expected, and they terminated early due to the poor recruitment rates. The 
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Table 3 Comparison of median overall survival between the upfront surgery group and the neoadjuvant therapy plus surgery group

Ref. Country NCT number/Name Variable Upfront surgery NAT plus surgery P value

Golcher et al[7] Germany NCT00335543 mOS; mo 14.4 17.4 0.96

Versteijne et al[8] Netherlands PREOPANC mOS; mo 14.6 15.6 0.83

Casadei et al[9] Italy - mOS; mo 19.5 22.4 0.97

Reni et al[10] Italy PACT-15 mOS; mo 20.4,26.4 38.2 NM

Satoi et al[11] Japan Prep-02/JSAP-05 mOS; mo 26.6 36.7 0.015

NAT: Neoadjuvant therapy; mOS: Median overall survival; NM: Not mentioned.

poor sample sizes could have caused bias and led to inaccurate outcomes.
Second, the five RCTs adopted different resectability criteria. Referring to the latest NCCN 

guidelines, some patients actually with BR-PA cases (tumor contact with peripancreatic artery of ≤ 180°) 
were regarded as R-PA cases in the NCT00335543 trial and the Prep-02/JSAP-05 study, and some 
patients actually with R-PA cases (no arterial involvement and venous involvement ≤ 180°) were 
deemed to be BR-PA cases in the Dutch trial and the PACT-15 trial. This difference might have 
influenced the outcomes and caused the differences in the results of these RCTs.

Third, the regimens for NAT were also different. Although the regimens of these five RCTs were 
based on gemcitabine, two adopted gemcitabine alone, while the other three used gemcitabine 
combined with cisplatin or other agents. In addition, all of these RCTs combined preoperative 
radiotherapy with chemotherapy except the PACT-15 trial and the Prep-02/JSAP-05 study. However, 
the regimens (based on FOLFIRINOX or modified FOLFIRINOX or gemcitabine plus albumin-bound 
paclitaxel) that were recommended by the NCCN guidelines were not adopted in these RCTs. The 
German trial and the PACT-15 trial adopted regimens of gemcitabine and cisplatin, which are 
recommended for patients with known BRCA1/2 or PALB2 mutations, but these mutations were not 
mentioned in these two trials. The different efficiencies of these regimens could be another factor 
leading to various outcomes.

NAT might actually benefit patients with low-risk factors for long-term survival. According to the OS 
of the Dutch trial (Figure 1A), the 1-, 2-, 3-, and 4-year OS rates were comparable between the NAT 
group and the upfront surgery group[8]. The latest results of the PREOPANC trial showed that the 
hazard ratio (HR) of OS was 0.79 for patients with R-PA (P = 0.23)[12]. The reason for this outcome 
might be that this trial excluded T1 tumors (2 cm, without vascular involvement). Because patients with 
high-risk factors always die due to recurrence within 2 years, almost the only patients who were in the 
long-term follow-up were those with low-risk factors. Thus, when patients with low-risk factors were 
excluded, the benefit of NAT on long-term OS disappeared.

In the PACT-15 trial[10], the 1- and 2-year OS rates were similar between the NAT group and the 
upfront surgery group (Figure 1B). However, the NAT group showed better 3-year OS (55%) and 5-year 
OS (49%) than the surgery alone group (3-year OS: 35% and 43%; 5-year OS: 13% and 24%). The reason 
for this difference could be that T1 tumors were included. Tumors with low-risk factors could benefit 
from NAT and obtain better 3- and 5-year OS.

According to a recent meta-analysis, the NAT groups showed superior 1-, 2-, 3-, 4-, and 5-year 
survival rates compared to the upfront surgery group[13].

SAFETY AND FEASIBILITY
Postoperative complications
The lack of postoperative complications was an important prognostic factor of survival[14-16]. Lubrano 
et al[17] analyzed 942 patients with PDAC and found that the mOS and DFS decreased statistically when 
severe postoperative complications occurred[17]; the reason for this result could be that postoperative 
complications lead to failure of adjuvant therapy.

Data about postoperative complications are shown in Table 4.
In the German trial (NCT00335543)[7], postoperative complications were graded according to the 

Clavien-Dindo classification. In arm A (surgery alone), 17 patients suffered from grade I-II 
postoperative complications, and 15 patients suffered from grade III-V postoperative complications; in 
arm B (NACRT), 16 patients suffered from grade I-II postoperative complications, and 6 suffered from 
grade III-V postoperative complications.

Casadei et al[9] found that life-threatening complications were less frequent in the NAT group than in 
the surgery alone group. This could be attributed to pancreatic fibrosis as a result of NAT, which 
decreased the risk of pancreatic anastomotic leakage.
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Table 4 Comparison of postoperative complications between the upfront surgery group and the neoadjuvant therapy plus surgery 
group

Ref. Country NCT number/Name Variable Upfront surgery NAT plus surgery P value

Germany NCT00335543 Clavien-Dindo I-II complications 17/33 (52%) 16/33 (48%) NMGolcher et al[7]

Clavien-Dindo III-V complications 15/33 (45%) 6/33 (18%) NM

Versteijne et al[8] Netherlands PREOPANC Postoperative complications NM NM NM

Casadei et al[9] Italy - Post-treatment morbidity 9/20 (45%) 10/18 (56%) 0.746

Italy PACT-15 Minor complications (Clavien-Dindo I–II) 21/49 (43%) 13/27 (48%) NMReni et al[10]

Major complications (Clavien-Dindo III–IV) 10/49 (20%) 3/27 (11%) NM

NAT: Neoadjuvant therapy; NM: Not mentioned.

In the PACT-15 trial[10], minor complications (Clavien-Dindo I-II) in Group C (NACT) were observed 
in 13 of 27 (48%) patients, compared to 9 of 22 (41%) and 12 of 27 (44%) in Groups A and B, respectively. 
Major complications (Clavien-Dindo III-IV) in Group C were observed in 3 of 27 (11%) patients, 
compared to 5 of 22 (23%) and 5 of 27 (19%) in Groups A and B, respectively[10].

No significant difference in postoperative morbidity was found between the two groups in the Prep-
02/JSAP-05 study[11].

Postoperative complications occurred in 31 of 63 (49%) patients in the Japanese trial[18], which 
seemed comparable to those in the RCTs.

No significant difference was observed in the comparison of postoperative complications, indicating 
that NAT did not increase the risk of postoperative complications. Moreover, Golcher et al[7] and 
Casadei et al[9] agreed that NAT could decrease severe complications by inducing fibrosis[7,9].

Another three studies supported that the probability of postoperative complications occurring in 
patients who received NAT was not different from that in patients who underwent upfront surgery[19-
21]. One study found that patients with R-PA who underwent NAT obtained a lower rate of 
postoperative complications than those who did not (30% vs 63%, P = 0.001)[4].

Postoperative adjuvant therapy
In a recent retrospective study, Nipp et al[22] found that the absence of adjuvant therapy was correlated 
with a high risk of early mortality[22]. Additional adjuvant therapy was linked to a reduction in 
mortality[23]. The results from a randomized, phase III trial attributed prolonged DFS to adjuvant 
therapy[24].

In the NCT00335543 trial[7], 10 of 23 (43%) patients in the surgery alone group underwent adjuvant 
chemotherapy, which was comparable to 7 of 19 (37%) patients in the NAT group.

Although there are no data for the R-PA subgroup regarding the difference in this factor between the 
two groups in the Dutch trial, data based on R-PA plus BR-PA patients showed no significant difference
[8].

According to the PACT-15 trial[10], one patient among 18 in Group A (postoperative gemcitabine) 
was unable to receive adjuvant gemcitabine because his clinical condition did not completely recover 
after surgery. Moreover, ten patients did not complete the whole adjuvant gemcitabine treatment. 
Factors were similar in Groups B (postoperative adjuvant PEXG) and C (preoperative and postoperative 
adjuvant PEXG), and some patients did not complete the adjuvant therapy. Thus, preoperative 
chemoradiotherapy appears to be particularly essential.

Regardless of whether we consider the surgery alone group or the NAT group, some patients lost the 
opportunity for adjuvant therapy, which is essential for controlling recurrence. Considering this point, 
NAT is necessary to guarantee that more patients receive perioperative adjuvant therapy.

One study indicated that patients with R-PA who received NACRT had fewer chances of undergoing 
postoperative adjuvant therapy than those who merely underwent surgery[25]. Compared to NACRT 
patients, NACT patients were more likely to receive adjuvant chemotherapy after resection (41.3% vs 
24.7%, P < 0.001)[26].

Duration of intervention
Some studies have explored whether operative duration correlates with the OS of patients with R-PA. 
Garcea et al[27] found that operative duration is not associated with survival[27]. In contrast, the results 
from another study showed that a short operative duration improved long-term survival by reducing 
the presence of hypoalbuminemia at 1 mo postoperatively[28]. However, overall, it was believed that 
the increased operative time was associated with a poorer long-term survival[29].
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Figure 1 Overall survival. A: Comparison between NAT group and upfront surgery group; B: Comparison among different arms. Arm A: Upfront surgery (GEM); 
Arm B: Upfront surgery (PEXG); Arm C: PEXG. GEM: Gemcitabine; PEXG: Cisplatin, epirubicin, capecitabine, and gemcitabine. A: Citation: Versteijne E, Suker M, 
Groothuis K, Akkermans-Vogelaar JM, Besselink MG, Bonsing BA, Buijsen J, Busch OR, Creemers GM, van Dam RM, Eskens FALM, Festen S, de Groot JWB, 
Groot Koerkamp B, de Hingh IH, Homs MYV, van Hooft JE, Kerver ED, Luelmo SAC, Neelis KJ, Nuyttens J, Paardekooper GMRM, Patijn GA, van der Sangen MJC, 
de Vos-Geelen J, Wilmink JW, Zwinderman AH, Punt CJ, van Eijck CH, van Tienhoven G; Dutch Pancreatic Cancer Group. Preoperative Chemoradiotherapy Versus 
Immediate Surgery for Resectable and Borderline Resectable Pancreatic Cancer: Results of the Dutch Randomized Phase III PREOPANC Trial. J Clin Oncol 2020; 
38: 1763-1773. Copyright ©The Author(s) 2020. Published by Wolters Kluwer Health Inc. B: Reni M, Balzano G, Zanon S, Zerbi A, Rimassa L, Castoldi R, Pinelli D, 
Mosconi S, Doglioni C, Chiaravalli M, Pircher C, Arcidiacono PG, Torri V, Maggiora P, Ceraulo D, Falconi M, Gianni L. Safety and efficacy of preoperative or 
postoperative chemotherapy for resectable pancreatic adenocarcinoma (PACT-15): a randomised, open-label, phase 2–3 trial. Lancet Gastroenterol Hepatol 2018; 3: 
413-423. Copyright ©The Author(s) 2018. Published by Elsevier.

Only the Prep-02/JSAP-05 study showed no significant difference in operation time between the two 
groups, while no other RCTs focused on this factor.

Two retrospective studies indicated that there was a significant difference between NAT and upfront 
surgery in patients deemed to have resectable PDAC[19,20]. Patients who received NAT had a longer 
operative time than those who underwent upfront surgery.

Nutritional status
There have been limited studies of the relationship between nutritional status and survival of R-PA 
patients. A recent retrospective study indicated that the controlling nutritional status score, which is 
used to evaluate immune-nutritional status, had an independent correlation with survival in resected 
patients with PDAC[30]. No significant difference was shown between weight loss from the time of 
diagnosis and survival after resection[31]. Ueda et al[28] regarded hypoalbuminemia occurring within 1 
mo after surgery as a predictor of survival in PDAC patients[28].

RCTs are needed to explore the correlation between nutritional status and NAT.
According to a retrospective study[21], the prognostic nutritional index (PNI), which was used to 

assess nutritional status, decreased in patients with R-PA from 48.2 ± 7.1 to 42.7 ± 6.0 (P < 0.0001) after 
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NACRT. Poor preoperative PNI is a predictor of poor survival in PDAC patients.
In summary, NAT is safe and feasible for patients with R-PA. First, NAT did not increase 

postoperative complications, and it might even decrease severe complications by inducing pancreatic 
fibrosis. Furthermore, comparable postoperative morbidity indicates that NAT does not limit adjuvant 
therapy; in contrast, it provides systemic therapy for those who are ineligible for adjuvant therapy, 
mostly due to postoperative complications. Moreover, NAT did not prolong the operation time.

FACTORS RELATED TO LOCAL RECURRENCE
Tumor diameter
Tumor size is important for the assessment of prognosis. According to the 8th AJCC TNM staging of PC, 
tumors ≤ 2 cm in diameter are defined as T1, tumors > 2 cm and ≤ 4 cm are defined as T2, and tumors > 
4 cm are classified as T3 when there is no arterial invasion. Phoa et al[32] found an HR of 1.375 [95% 
confidence interval (CI): 1.267-1.492] for the T1 stage compared with the T2 stage and 1.796 (95%CI: 
1.629-1.982) with the T3 stage, indicating a significant prognostic advantage for smaller tumor sizes (P < 
0.001). Survival was longest for patients with a tumor diameter < 2 cm, and poor survival was observed 
in patients with resected tumors > 3 cm in diameter[32]. In addition, tumor size was associated with an 
increased risk of lymph node metastases and influenced the rate of margin positivity following resection
[33]. NAT can reduce tumor size[25,34].

Tumor size was decreased in patients who underwent NAT according to the data from three RCTs, 
and there was a statistically significant advantage for NAT in one study (Table 5).

The results of the NCT00335543 trial showed that pT1-2 was more frequently observed in arm B 
(NACRT + surgery) than in those who underwent surgery only (arm A)[7]. Four of 19 (21%) patients in 
arm B were pT1-2 cases, while only 2 of 23 (9%) patients in arm A were at this stage.

The same conclusion was obtained in another RCT[9]. Pathologic T staging was significantly different 
between arm A (surgery alone) and arm B (NACRT plus surgery) (P = 0.016). Nine patients had pT1-2 
stage disease in arm B, while none belonged to this stage in arm A.

In the PACT-15 trial, the tumor size in Group C (NACT) after resection was 2.0 cm, compared to 2.1 
cm and 2.5 cm in Groups B and A, respectively[10].

In the Japanese phase II trial[18], the median tumor size before treatment was 24 mm, compared to 19 
mm after receiving GSRT (gemcitabine and S-1 concurrently with radiation therapy).

A retrospective review showed that patients who underwent NACRT obtained smaller tumors in 
resection specimens (mean 2.5 cm) than those who underwent surgical exploration first (mean 3.1 cm, P 
= 0.04), although they had larger tumors prior to treatment (mean 2.5 cm vs 2.1 cm)[25].

NAT can reduce the tumor size and thus make it easier to obtain R0 resection. The anterior and 
posterior surfaces render it difficult to obtain R0 resection in large tumors.

Resection margins
According to the NCCN guidelines, resection margins are classified as R0 when the tumor is completely 
and microscopically removed within 1 mm. R1 denotes microscopic residual tumor, and R2 indicates 
macroscopic residual tumor. Most studies have supported that R1 resection leads to a worse outcome 
than R0 resection[29,34-36]. Positive margins can lead to local recurrence. The margins of the Whipple 
specimen include the SMA, portal vein, pancreatic neck, bile duct, and proximal (gastric or enteric) and 
distal enteric margins. The most important margin is the SMA margin, which consists of the soft tissue 
that connects the uncinate process to the right lateral border of the proximal 3–4 cm of the SMA.

The data about resection margins status are listed in Table 6.
In the NCT00335543 trial, 23 of 33 (70%) patients in arm A (upfront surgery group) underwent 

resection vs 19 of 33 (58%) in arm B (NAT group). R0 resection was obtained in 16 of 23 (70%) patients in 
arm A vs 17 of 19 (89%) in arm B. The intention-to-treat (ITT) R0 rate was 48% (16/33) in arm A 
compared to 52% (17/33) in arm B[7]. The time to progression was comparable between the two groups.

In the Dutch trial, 44 patients in the NACRT group (44/65, 68%) had successful resection, and 54 in 
the immediate surgery group (54/68, 79%) achieved resection[8]. The R0 resection rate was 66% (29 of 
44) in patients who received NACRT vs 59% (32 of 54) in patients assigned to immediate surgery. The 
ITT R0 rate was 45% (29/65) in the NACRT group compared to 47% (32/68) in the immediate surgery 
group. The R0 rate increased in the NACRT group, while the resection rate decreased compared to the 
immediate surgery group. The locoregional failure-free interval (LFFI) was similar in the two groups.

In the Italian trial[9], R0 resection was defined as all PDAC with a clearance > 1 mm from each 
margin. R0 resection criteria were not mentioned in the other RCTs. Fifteen of 20 (75%) patients in arm 
A (upfront surgery group) underwent resection compared to 11 of 18 (61%) in arm B (NAT group). The 
R0 rate was 33% (5/15) in arm A vs 64% (7/11) in arm B. The ITT R0 resection rate was higher in arm B 
(7/18, 39%) than in arm A (5/20, 25%). No data about local recurrence were mentioned.

In the PACT-15 trial[10], the resection rates were 84% (22/26), 90% (27/30), and 84% (27/32) in 
Groups A (adjuvant gemcitabine), B (adjuvant PEXG), and C (neoadjuvant PEXG), respectively. The R0 
resection rates were 27% (6/22), 37% (10/27), and 63% (17/27) in Groups A, B, and C, respectively. The 
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Table 5 Comparison of tumor size between the upfront surgery group and the neoadjuvant therapy plus surgery group

Ref. Country NCT number/Name Variable Upfront surgery NAT plus surgery P value

Germany NCT00335543 Tumoral diameter (cm) NM NM NM

T1-2 stage 2 4 NM

Golcher et al[7]

T3-4 stage 21 15 NM

Netherlands PREOPANC Tumoral diameter (cm) NM NM NM

T1-2 stage NM NM NM

Versteijne et al[8]

T3-4 stage NM NM NM

Italy - Tumoral diameter (cm) NM NM NM

T1-2 stage 0 9 0.016

Casadei et al[9]

T3-4 stage 20 8

Italy PACT-15 Tumoral diameter (cm) 2.1-2.5 2 NM

T1-2 stage 3 5 NM

Reni et al[10]

T3-4 stage 46 22 NM

NAT: Neoadjuvant therapy; NM: Not mentioned.

Table 6 Comparison of resection margin status between the upfront surgery group and the neoadjuvant therapy plus surgery group

Ref. Country NCT number/Name Variable Upfront surgery NAT plus surgery P value

Germany NCT00335543 Resection rate 23/33 (70%) 19/33 (58%) 0.31

R0 rate 16/23 (70%) 17/19 (89%) NM

Golcher et al[7]

ITT R0 rate 16/33 (48%) 17/33 (52%) 0.81

Netherlands PREOPANC Resection rate 54/68 (79%) 44/65 (68%) 0.17

R0 rate 32/54 (59%) 29/44 (66%) 0.54

Versteijne et al[8]

ITT R0 rate 32/68 (47%) 29/65 (45%) NM

Italy - Resection rate 15/20 (75%) 11/18 (61%) 0.489

R0 rate 5/15 (33%) 7/11 (64%) NM

Casadei et al[9]

ITT R0 rate 5/20 (25%) 7/18 (39%) 0.489

Italy PACT-15 Resection rate 49/56 (88%) 27/32 (84%) NM

R0 rate 16/49 (33%) 17/27 (63%) NM

Reni et al[10]

ITT R0 rate 16/56 (29%) 17/32 (53%) NM

NAT: Neoadjuvant therapy; NM: Not mentioned; ITT: Intention to treat.

ITT R0 resection rates were 23% (6/26), 33% (10/30), and 53% (17/32) in Groups A, B, and C, 
respectively. The rates of local failure were comparable between the NAT group and the two upfront 
surgery groups.

In the Prep-02/JSAP-05 study, no significant difference was observed in the R0 resection rate between 
the two groups[11].

In the Japanese trial[18], R0 resection was defined as the absence of cancer cells at the cut end of any 
specimen slice. Fifty-four of 63 patients underwent surgery, and all 54 patients who underwent 
resection achieved R0 resection.

An observational study showed that patients with R-PA who underwent NACRT obtained fewer 
positive microscopic resection margins than those who underwent upfront surgery (14% vs 30%; P = 
0.042)[19].

Although the data from these five RCTs seem to indicate that the resection rates were lower in the 
NAT groups, and R0 resection rates were higher compared to the upfront surgery groups, there was no 
significant difference.
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In the Prep-02/JSAP-05 study[11], a significant decrease in viable tumor cells was observed in 
primary tumors after NAT compared to upfront surgery (P < 0.01). Fewer viable tumor cells might be 
helpful in promoting response and limiting progression.

Although smaller tumors made it easier to obtain R0 resections, the margin status was also influenced 
by other factors. The SMA margin made it difficult to obtain R0 resection in tumors with vascular 
invasion, although they were small in size. NAT could reduce the tumor size and thus benefit the 
margin status, but it might be meaningless for improving the biological behavior of tumors (invasion of 
vessels, high differentiation grade, and so on); thus, R0 resection was not approved in some trials. 
Moreover, patients with BR-PA were deemed R-PA cases in the German trial, and the Prep-02/JSAP-05 
study also influenced the rate of R0 resection. In addition, assessments of R0 were performed after 
surgery rather than after completing the whole treatment, and the benefit of systemic treatment could 
only be detected after all treatments were completed.

FACTORS RELATED TO METASTASIS
Lymph node status
Lymph node metastasis is regarded as a factor for poor prognosis congruously, and lymph node status 
has been proved to be one of the most effective prognostic factors in some recent studies. Furthermore, 
the ratio of positive nodes to total examined nodes is more valuable for prognosis than merely 
evaluating the number of positive lymph nodes[29,35]. Elshaer et al[37] found that most studies 
indicated that lymph node ratio and number of positive nodes, but not total nodes examined, correlated 
with OS in PDAC[37]. Recently, Shi et al[38] proposed a modification of the 8th AJCC staging system for 
PDAC[38]. Compared to the 8th AJCC staging system, it weakens the influences of positive lymph 
nodes, and small tumors with positive nodes are divided into earlier stages.

Most studies have shown that lymph node positivity is less frequently observed in patients with R-
PA who received NAT than in those who underwent surgery only[19-23,25,34,39]. Data about lymph 
node status are listed in Table 7. In the German trial, there were 22 of 33 (67%) patients with clinical N0 
in the NAT group compared to 30 of 33 (91%) in the primary surgery group before treatment (P = 0.03), 
but a higher (y)pN0 rate was observed in the NAT group (39%, 13/33) than in the primary surgery 
group (30%, 10/33) after treatment[7]. The preoperative clinical N0 rate was not comparable, which 
might have caused the negativity of the difference in pN0. The rate of (y)pM0 was comparable. The 
Italian single-center RCT also indicated that the NAT group obtained a higher pN0 rate (28%, 5/18) than 
the surgery group (10%, 2/20)[9]. The rate of pM0 was also comparable in this research. In addition, in 
the PACT-15 trial, the pN0 rates were 27% (6/22), 26% (7/27), and 48% (13/27) in patients who 
underwent resection in Groups A (adjuvant intravenous gemcitabine), B (adjuvant PEXG), and C 
(preoperative and postoperative PEXG), respectively[10]. However, the number of patients with liver 
metastasis in the NAT group decreased by half compared to that in the upfront surgery groups (64%, 
42%, and 33% in Groups A, B, and C, respectively). No data about this factor in the NACRT subgroup 
were mentioned in the Dutch trial[8]. However, the median distant metastasis-free intervals were 
similar between the two groups.

No significant difference was found in the data from the above four RCTs, indicating that NAT did 
not improve the lymph node status. However, in the Prep-02/JSAP-05 study, resected patients in the 
NAT group obtained a significantly decreased nodal positive rate compared with the upfront surgery 
group (P < 0.01)[11]. This finding could indicate that patients who completed NAT and resection 
obtained better nodal status. The reason for this phenomenon could be that some patients were 
ineligible for surgery due to progression during NAT, and node positivity was observed more 
frequently in these patients, leading to a nonsignificant difference in ITT analysis between the two 
groups. Regarding the subgroup analysis of resected patients, a significant decrease was observed in the 
NAT group. Moreover, hepatic recurrence after surgery was significantly decreased in the NAT group 
(30.0%) compared to the upfront surgery group (47.5%).

In the Japanese trial[18], 37 of 63 (59%) patients were in the N0 stage.
A randomized, phase II trial indicated that R-PA patients who received NACT with gemcitabine plus 

cisplatin exhibited less node positivity than those who received NACT with gemcitabine[40]. In another 
study[26], postoperative pathology showed that R-PA patients who received NACRT prior to surgery 
had a higher rate of node-negative pathology than those who received NACT (68.0% vs 42.7%, P < 
0.001), indicating that neoadjuvant external beam radiation is beneficial for reducing the rates of node-
positive pathology.

Invasion of vessels and perineural spread
Tumors with poor biological behavior often invade vessels or nerves.

Direct invasion of the venous vasculature indicates distant spread and nodal or hematogenous 
metastasis, while perineural spread is associated with local recurrence[41]. At the same time, severe 
venous invasion leads to a poor prognosis[29].
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Table 7 Comparison of lymph node status between the upfront surgery group and the neoadjuvant therapy plus surgery group

Ref. Country NCT number/Name Variable Upfront surgery NAT plus surgery P value

Golcher et al[7] Germany NCT00335543 pN0 10/33 (30%) 13/33 (39%) 0.44

Versteijne et al[8] Netherlands PREOPANC pN0 NM NM NM

Casadei et al[9] Italy - pN0 2/20 (10%) 5/18 (28%) 0.095

Reni et al[10] Italy PACT-15 pN0 13/49 (27%) 13/27 (48%) NM

NAT: Neoadjuvant therapy; pN0: Pathological N0; NM: Not mentioned.

The Dutch trial and the PACT-15 trial considered this factor, and they enrolled patients with less 
venous invasion (< 90° and no venous contact, respectively). The Italian trial specifically regarded the 
grade of superior mesenteric and portal vein involvement as independent baseline characteristics. 
However, most RCTs did not research this factor, and only the Dutch trial focused on it[8]. Perineural 
invasion was less frequent in patients treated with NACRT (39% vs 73%; P < 0.001), as was venous 
invasion (19% vs 36%; P = 0.024). Based on the latest results from the Dutch trial, vascular invasion was 
less frequently observed in the NAT group (36% vs 65%; P < 0.001)[12]. Nevertheless, the results were 
based on patients with R-PA and BR-PA, and there were no specific data about the venous or perineural 
invasion in the R-PA subgroup.

Barbier et al[34] found that there were fewer vascular and perineural invasions in PDAC patients who 
underwent NACRT than in those who underwent surgery first (P < 0.001)[34]. The same conclusion was 
shown in two other studies[19,22].

CA19-9 levels
Tumors with elevated CA19-9 levels could indicate poor biological behavior and subclinical metastasis.

A national cancer database study enrolled 28074 PDAC patients with reported CA19-9[42]. Among 
early-stage (I/II) patients (n = 10806), there were 957 (8.8%) nonsecretors, 2708 (25.1%) with normal 
levels, and 7141 (66.1%) with elevated levels (CA19-9 > 37 U/mL). Survival was disappointing in 
patients with elevated CA-19-9, regardless of stage. Early-stage patients with elevated CA19-9 had 
worse survival at 1, 2, and 3 years than patients with normal levels. Nonsecretors and patients with 
normal levels had similar survival. High preoperative CA19-9 levels are regarded as a predictor of local 
and early (defined as relapse < 6 mo after resection) recurrence[25,43]. However, compared to 
preoperative CA19-9 levels, postoperative CA19-9 levels have more prognostic value because they can 
reflect the quality of tumor resection[44].

In the PACT-15 trial[10], the CA19-9 response was evaluated in 22 of 23 (96%) patients in the NACRT 
group. One patient obtained a decrease of more than 89%, 12 had decreases of 50% to 89%, and 9 had 
decreases less than 50%. In several previous studies, the median decrease in CA19-9 was 26%. The 
results indicated that NAT could decrease CA19-9 levels, but more authoritative evidence is needed to 
prove this deduction.

In the Japanese trial, median CA19-9 level decreased from 261 to 61 U/mL after patients received 
GSRT[18].

PDAC patients with CA19-9 levels that decreased during NAT had a better OS[45]. A phase I trial 
and a phase II trial demonstrated that PDAC patients had decreased median CA19-9 levels after 
achieving NAT[46,47].

Tumor differentiation grade
The majority of studies have supported that there is a statistically significant correlation between well-
differentiated tumors and improved prognosis. The degree of differentiation is inversely associated with 
tumor aggressiveness[29]. High-grade tumors usually demonstrate poor biological behavior.

The latest results of the PREOPANC trial showed that tumor differentiation was similar between the 
NAT group and the upfront surgery group (P = 0.91). The data were based on patients with R-PA and 
BR-PA, and there were no data about the R-PA subgroup.

Improved nodal status accompanied by less hepatic metastasis was shown in the PACT-15 trial and 
Prep-02/JSAP-05 study, but the other RCTs did not obtain significant differences. The probable reason 
for this finding is that, although NAT can improve nodal status, it does not influence the biological 
behavior of tumors. In fact, NAT could benefit patients by controlling micrometastasis and allowing for 
systemic therapy.
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CONCLUSION
The primary factors influencing the outcomes were as follows. First, the actual sample sizes were less 
than expected in some trials. In addition, the criteria for resectability were different in the studies. 
Moreover, the regimens varied in the different RCTs. Finally, how NAT influences the biological 
behavior of PC is still unknown, and no research has regarded it as an independent baseline charac-
teristic to assign. NAT might not be useful for improving it, and poor biological behavior would offset 
the benefits from NAT (such as improving R0 resection and nodal status), leading to negative outcomes.

NAT is feasible and safe because it does not increase postoperative complications or prolong the 
operation time, and some experts have supported that it decreases the occurrence of severe post-
operative complications by inducing fibrosis of pancreatic and peripancreatic tissue. Moreover, NAT 
reduces tumor diameter and provides an opportunity for perioperative adjuvant therapy for patients 
who cannot undergo postoperative adjuvant therapy. More evidence is needed to verify whether NAT 
actually decreases CA19-9 concentrations. More RCTs are needed to determine whether NAT worsens 
nutritional status. How NAT influences tumor differentiation remains unknown.

Some other advantages of NAT are as follows: (1) NAT might treat micrometastases and prevent local 
recurrence. However, in the Dutch trial, although the median LFFI was higher in the NAT group (17 
mo) than in the immediate surgery group (13.5 mo), there was no significant difference (P = 0.067)[8]. In 
the PACT-15 trial[10], the local and distant recurrence rates were comparable between the NAT group 
and the surgery group. However, liver metastases were found less frequently in the NAT group (33%) 
than in the two adjuvant groups (64% and 42%, respectively); and (2) NAT provides sufficient time to 
expose metastases related to the progression of micrometastases that could not be detected previously 
and screens for patients who cannot benefit from surgery. Casadei et al[9] found that distant micrometa-
stases had already occurred in some patients but were not detected. With the development of the 
diseases, they were found during NAT and avoided surgery, which was meaningless. Nevertheless, 
progression would occur if the NAT regimens were not effective. Currently, there is no RCT design for 
exploring these deductions, and more RCTs are needed to verify them in the future.

In general, the benefit of NAT outweighs the disadvantages. However, the majority of studies about 
NAT for R-PA patients have been retrospective; although there have been several prospective studies, 
their sample sizes have been too limited to obtain a conclusive outcome. In addition, more phase III 
trials and RCTs are needed to verify the conclusions.

It is essential to select patients who could mostly benefit from NAT. Some novel predictive factors in 
R-PA were addressed recently, such as molecular profiles, tumor microenvironments, immune cell 
infiltration, microRNAs, circulating tumor DNA, organoids, and the gut microbiome[48]. In the future, 
the RCT study design should likely be refined in patients with three types of resectable PC. The first 
group should include patients without risk factors for poor prognosis. The second category should 
include patients with a small tumor diameter who are prone to distant metastasis, as suggested by 
imaging or tumor biology-related examinations. The third group should include patients who could not 
easily obtain radical treatment of R0 disease by imaging evaluation.
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Abstract
BACKGROUND 
Advanced colorectal cancer (CRC) generally has poor outcomes and high mor-
tality rates. Clarifying the molecular mechanisms underlying CRC progression is 
necessary to develop new diagnostic and therapeutic strategies to improve CRC 
outcome and decrease mortality. Transcriptional factor III A (GTF3A), an RNA 
polymerase III transcriptional factor, is a critical driver of tumorgenesis and 
aggravates CRC cell growth.

AIM 
To confirm whether GTF3A promotes CRC progression by regulating the 
expression of cystatin A (Csta) gene and investigate whether GTF3A can serve as a 
prognostic biomarker and therapeutic target for patients with CRC.

METHODS 
Human tissue microarrays containing 90 pairs of CRC tissues and adjacent non-
tumor tissues, and human tissue microarrays containing 20 pairs of CRC tissues, 
adjacent non-tumor tissues, and metastatic tissues were examined for GTF3A 
expression using immunohistochemistry. The survival rates of patients were 
analyzed. Short hairpin GTF3As and CSTAs were designed and packaged into the 
virus to block the expression of Gtf3a and Csta genes, respectively. In vivo tumor 
growth assays were performed to confirm whether GTF3A promotes CRC cell 
proliferation in vivo. Electrophoretic mobility shift assay and fluorescence in situ 
hybridization assay were used to detect the interaction of GTF3A with Csta, 
whereas luciferase activity assay was used to evaluate the expression of the Gtf3a 
and Csta genes. RNA-Sequencing (RNA-Seq) and data analyses were used to 
screen for target genes of GTF3A.

RESULTS 
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The expression of GTF3A was higher in CRC tissues and lymph node metastatic tissues than in the 
adjacent normal tissues. GTF3A was associated with CRC prognosis, and knockdown of the Gtf3a 
gene impaired CRC cell proliferation, invasion, and motility in vitro and in vivo. Moreover, RNA-
Seq analysis revealed that GTF3A might upregulate the expression of Csta, whereas the luciferase 
activity assay showed that GTF3A bound to the promoter of Csta gene and increased Csta 
transcription. Furthermore, CSTA regulated the expression of epithelial-mesenchymal transition 
(EMT) markers.

CONCLUSION 
GTF3A increases CSTA expression by binding to the Csta promoter, and increased CSTA level 
promotes CRC progression by regulating the EMT. Inhibition of GTF3A prevents CRC pro-
gression. Therefore, GTF3A is a potential novel therapeutic target and biomarker for CRC.

Key Words: Transcription factor IIIA; Cystatin A; Colorectal cancer; Epithelial-mesenchymal transition

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Transcriptional factor III A (GTF3A) is highly expressed in colorectal cancer (CRC) tissues, and 
GTF3A expression is associated with CRC prognosis. GTF3A binds to the promoter of cystatin (Csta) 
gene to facilitate Csta transcription, which regulates the expression of epithelial-mesenchymal transition 
markers and promotes CRC progression. Blocking GTF3A significantly inhibits CRC cell growth. 
Therefore, GTF3A is a potential novel therapeutic target and prognostic biomarker for CRC.

Citation: Wang J, Tan Y, Jia QY, Tang FQ. Transcriptional factor III A promotes colorectal cancer progression by 
upregulating cystatin A. World J Gastrointest Oncol 2022; 14(10): 1918-1932
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/1918.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.1918

INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the leading cause of cancer-
related death worldwide[1]. CRC has distant invasive and metastatic abilities, such as liver and lung 
metastases, resulting in a poor survival[2]. Clarifying the molecular mechanisms underlying CRC 
progression is necessary for the development of new therapeutic strategies. Transcriptional factor III A 
(GTF3A), an RNA polymerase III transcriptional factor, specifically binds to the internal control region 
of the 5S rRNA gene from nucleotides +43 to +96[3], initiating the assembly of the transcription 
initiation complex (5S rDNA-TFIIIA-TFIIIC2-TFIIIBbeta complex). Complex formation is not propor-
tional to the amount of TFIIIA[4]. GTF3A is present in all human organs. GTF3A shares a common 
conserved transcription activating signal, nuclear localization signal, and nuclear export signal, but 
lacks initiated Met and accompanying conserved residues in the N-terminal regions[5]. GTF3A 
regulates the 5S rRNA synthesis network by binding to 5S rDNA and 5S rRNA[6]. GTF3A binds to 5S 
rRNA to form the 7S ribonucleoprotein particle (RNP) complex, and the complex functions as a nuclear 
export signal (NES) to transfer 5S rRNA to the cytoplasm depending on the NES sequence, which 
protects the 5S rRNA from degradation[7,8]. Several studies have suggested that 5S rRNA binds to L5 
and L11 to form the 5S RNP complex, regulating the MDM2-p53 checkpoint[9-12]. Alterations in 
ribosome biogenesis are critical drivers of tumorgenesis, and are closely associated with increased CRC 
cell growth[13]. These findings suggest that GTF3A regulates CRC progression.

Cystatin A (CSTA), a cysteine proteinase inhibitor, is a type 1 cystain (stefin). CSTA is a cornified cell 
envelope constituent of keratinocytes that plays a critical role in epidermal development and 
maintenance. The high expression of CSTA is associated with the invasion and metastasis of various 
malignant tumors, such as pancreatic ductal adenocarcinoma[14], esophageal squamous cell carcinoma
[15], lung cancer[16], hepatocellular carcinoma (HCC)[17], and nasopharyngeal carcinoma (NPC)[18]. 
An increasing number of studies have shown that CSTA is a potential prognostic and diagnostic 
biomarker for cancer progression. The activity of the Csta promoter is positively regulated by the active 
Ras/MEKK1/MKK7/JNK signal transduction pathway, but negatively regulated by the negative 
Ras/Raf-1/MEK1/ERK pathway in human keratinocytes[19]. Other cysteine protease inhibitors, 
cystatin SN (CST1) and cystatin S (CST4), are type 2 cystatin proteins, which enhance the metastasis of 
various malignant tumors and contribute to a poor patient survival[20,21]. CST1 overexpression 
increases cell migration and invasion by mediating the epithelial-mesenchymal transition (EMT) in 
breast cancer and HCC[22,23] and contributes to CRC cell proliferation[24]. CST1 is also considered an 
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early diagnostic biomarker and potential therapeutic target in breast cancer, CRC, and gastric cancer[25,
26]. In the present study, we showed that GTF3A was highly expressed in CRC, and it bound to the 
promoter of Csta to facilitate Csta transcription, which then regulated EMT marker expression and 
promoted CRC progression. Therefore, GTF3A is a potential novel therapeutic target and a prognostic 
biomarker for CRC.

MATERIALS AND METHODS
Reagents and antibodies
Dulbecco’s modified Eagle’s medium (DMEM), Cell Counting Kit (CCK8), and other supplements were 
obtained from Life Technologies (Rockville, MD, United States). GTF3A antibody for Western blot 
analysis was purchased from Bethyl Laboratories, Inc (Suzhou, China). CSTA antibody was purchased 
from Novus (CO, United States). CST1 antibody was purchased from Invitrogen (Shanghai, China). 
CST4 antibody was purchased from R&D Systems (Minneapolis, MN, United States). GTF3A antibody 
used for the immunofluorescence assay was purchased from Bioss Antibodies (Beijing, China). The 
dual-luciferase reporter assay system was purchased from Promega (Madison, WI, United States). 
Antibodies against Snail, E-cadherin, and beta-catenin were purchased from Abcam (Cambridge, United 
Kingdom). Glyceraldehydes-3-phosphate dehydrogenase (GAPDH) and secondary antibodies were 
purchased from Proteintech Company (Wuhan, Hubei, China).

Tissue microarray and immunohistochemical staining
Human tissue microarrays (HCol-Ade180Sur-08) containing 90 pairs of CRC tissues and adjacent non-
tumor tissues, and human tissue microarrays (HCol-Ade060Lym-01) containing 20 pairs of CRC tissues, 
adjacent non-tumor tissues, and lymph node metastatic tissues, were purchased from Outdo Biotech 
Company (Shanghai, China). Immunohistochemical (IHC) staining was performed to detect the 
expression of GTF3A as described previously[27]. These tissue microarrays were stained with GTF3A 
antibody (1:300 dilution). The use of patient materials was approved by the ethics committee of Hunan 
Cancer Hospital (No. KYJJ-2020-004). All IHC results were evaluated based on the semi-quantitative 
histological scoring (HSCORE) system using the following formula: H-SCORE = ∑ (pi × i) [“pi” 
represents the percentage of stained cells in an intensity area, whereas “I” represents the staining 
intensity (0, no labeling; 1, weak; 2, moderate; and 3, strong)].

Cell lines
Human CRC cell lines (HCT116, SW480, DLD1, SW620, and HT29) were obtained from the American 
Type Culture Collection (Manassas, VA, United States) and were purchased from the Shanghai Cell 
Center (Shanghai, China). All cell lines were cultured in high-glucose DMEM supplemented with 10% 
fetal bovine serum (FBS) at 37 °C with 5% CO2.

Real-time quantitative polymerase chain reaction
Real-time quantitative polymerase chain reaction (RT-qPCR) was performed as described previously
[28]. Briefly, the total RNA of cultured cells was extracted using a total RNA kit (R6834, OMEGA), and 1 
μg of DNase-treated RNA was reverse transcribed using the Revert Aid First Strand cDNA Synthesis 
Kit (Thermo Fisher Scientific, Shanghai, China) according to the manufacturer’s instructions. The 
threshold cycle (Ct) values were measured using Hieff quantitative PCR SYBR Green Mix (Yeasen, 
Shanghai, China) in A LightCycler 96 qPCR System (Roche). Primer sequences used are listed in 
Supplementary Table 1. The relative mRNA levels of each gene were normalized to those of the 
housekeeping gene GAPDH. Relative transcript levels were calculated as two power values of ΔCt (the 
differential value of Ct between GAPDH and the target cDNA).

Plasmid transfection
The designed short hairpin RNAs (shRNAs) shGTF3A#1, shGTF3A#2, shGTF3A#3, shGTF3A#4, and 
shscramble were cloned into the lentivirus vector GV112 by Shanghai GeneKai Company (Shanghai, 
China). The shRNA sequences for Gtf3a are listed in Supplementary Table 2. The shRNAs for the Csta 
gene were designed to knock down the expression of CSTA. The shRNA sequences for Csta are shown 
in Supplementary Table 3. Synthetic plasmids were verified by sequence analysis and PCR and then 
cloned into GV493. Lipofectamine 3000 (Thermo Fisher Scientific, Carlsbad, CA, United States) was used 
to transfect the plasmids into HEK293T cells; 1 × 105 cells were transfected with shscramble, shGTF3A#1, 
shGTF3A#2, shGTF3A#3, shGTF3A#4, shCSTA#1, and shCSTA#2. The knockdown efficiency was 
filtered using RT-qPCR.

Stable cell lines
shGTF3As, shCSTAs, and negative control lentiviruses were packaged by the Shanghai GeneKai 
Company (Shanghai, China). The lentivirus titers were quantified (≥ 108 TU/mL). Following the 
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manufacturer’s protocol, 2 × 105 of SW480 and HCT116 cells were seeded in six-well culture plates, and 
cultivated at 37 °C and 5% CO2. After 24 h, the cells were transfected with the appropriate amount of 
lentivirus at a multiplicity of infection of 20 TU/mL. After being incubated for 10 h, the culture medium 
was removed, and fresh DMEM containing 10% FBS was added. Next, antibiotic-free medium 
containing 3 μg/mL puromycin was used to screen the stable cells for 3-4 wk. Ultimately, the 
knockdown and negative control stable cell lines shscramble-SW480, shGTF3A#1-SW480, shGTF3A#4-
SW480, shGTF3A#1-HCT116, and shGTF3A#4-HCT116 were obtained.

Western blot analysis
Western blotting was performed as previously described[29]. Briefly, 1 × 106 cells were lysed with a 
radioimmunoprecipitation assay lysis buffer [50 mmol/L Tris pH 7.4, 150 mmol/L NaCl, 1% Triton X-
100, 1% sodium deoxycholate, and 0.1% sodium dodecyl sulfate (SDS)] containing 100 × protease 
inhibitor cocktail and 100 × phosphatase inhibitor cocktail (CWBIO, Beijing, China). Following the 
manufacturer’s instructions, the crude lysate was centrifuged and the supernatant was collected to 
measure the protein concentration using the BCA Protein Assay Kit (CWBIO, Beijing, China). After 
being boiled at 100 °C for 5 min, 20-60 μg of protein was separated by 10% SDS- polyacrylamide gel 
electrophoresis and transferred to a 0.2 μm PVDF membrane (Millipore). The protein membrane was 
blocked with 5% non-fat milk, incubated with the primary antibody, and incubated with an appropriate 
peroxidase conjugated secondary antibody. The signal was detected on a gel imager using an enhanced 
chemiluminescence (ECL) Western blotting kit (CWBIO, Beijing, China). GAPDH was used as an 
internal control to verify basal expression. The ratio of specific proteins to GAPDH was calculated.

Cell proliferation and colony formation assays
shGTF3A#1-HCT116, shGTF3A#4-HCT116, shscramble-HCT116, shGTF3A#1-SW480, shGTF3A#4-
SW480, and shscramble-SW480 cells were seeded in 96-well plates, and CCK8 (ApexBio) was used to 
examine cell viability following the manufacturer’s protocol. Briefly, CCK8 was added to the cell plates, 
and incubated for 4 h. Then, the optical density at 450 nm was measured using a microplate reader. Cell 
viability was calculated daily for 5 d. For the colony formation assay, shGTF3A#1-HCT116, shGTF3A#4-
HCT116, shscramble-HCT116, shGTF3A#1-SW480, shGTF3A#4-SW480, and shscramble-SW480 cells 
were seeded in 6-well plates with each well containing 1000 cells, and cultured for 16 d. The cell colonies 
were fixed in methanol, stained with 0.5% gentian violet, and counted automatically using a 
computerized microscope system.

Cell invasion and motility assays
Cell invasion and motility assays in vitro were performed using previously described methods[29]. 
Briefly, for the invasion assay, Matrigel (25 mg/50mL, Collaborative Biomedical Products, Bedford, MA, 
United States) was added to the upper chamber with 8 mm pore polycarbonate membrane filters. 
shGTF3A#1-HCT116, shGTF3A#4-HCT116, shscramble-HCT116, shGTF3A#1-SW480, shGTF3A#4-
SW480, and shscramble-SW480 cells were seeded in the upper chamber (Neuro Probe, cabin John, MD) 
at a density of 1.5 × 104 cells/well in 100 μL of serum-free medium, and then incubated at 37 °C for 48 h. 
The bottom chamber contained standard medium with 20% FBS. Cells that invaded the lower surface of 
the membrane were fixed with 37% paraformaldehyde, and stained with crystal violet. Invading cells 
were counted under a light microscope. The motility assay was performed in a similar manner to the 
invasion assay without Matrigel coating.

Wound healing assay
A wound healing assay was used to measure the cell migration potential. Briefly, 2 × 105 of shGTF3A#1-
HCT116, shGTF3A#4-HCT116, shscramble-HCT116, shGTF3A#1-SW480, shGTF3A#4-SW480, and 
shscramble-SW480 cells were seeded in 6-well plates. After the cells reached 95% confluence, the surface 
of the cell layer was wounded using a sterile 10 μL pipette tip. The cells were then rinsed three times 
with phosphate buffered saline (PBS) to move detached cells and incubated in DMEM containing 1% 
FBS for 48 h. Wound closure was observed under a microscope at 0, 24, and 48 h.

Tumor growth assay in vivo
In vivo tumor growth assays were performed as previously described[30]. Briefly, female nude mice 
(aged 4-5 wk) were obtained from Hunan SJA Laboratory Animal Co. Ltd. (Changsha, China). 
Experiments involving animal subjects and protocols for animal studies were approved by the 
Laboratory Animal Research Center of Hunan Cancer Hospital (No. 2020-118). Nude mice were 
subcutaneously injected with 3 × 106 shGTF3A#1-SW480, shGTF3A#4-SW480, or shscramble-SW480 
cells (5 mice per group). The size of the tumor that developed in the mice was measured every 3 d, and a 
tumor growth curve was drawn. After 4 wk, the mice were euthanized with pentobarbital sodium at 20 
mg/mI, and the tumor weights were measured.
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RNA sequencing and data analysis
After harvesting shGTF3A#1-SW480, shGTF3A#4-SW480, and shscramble-SW480 cells, total RNA was 
extracted using TRIzol reagent (Invitrogen). After the rRNA was removed, the enriched longRNA (> 200 
nt) was interrupted, reversely transcribed into cDNA, and repaired, and RNA sequencing (RNA-Seq) 
was performed to build a chain-specific database. The clean data were obtained by quality testing of 
Bioptic Qsep100, and then comparative mapping of genomes was acquired between clean data and the 
hg38 Ensemble transcriptome using HISAT2 software. The differentially expressed genes between 
groups were analyzed using the DESeq2 R package, and the default screening criteria were: (1) Log2 
(fold change) >1; and (2) False discovery rate < 0.05.

Fluorescence in situ hybridization assay
Fluorescence in situ hybridization (FISH) assays were performed as previously described[31]. FISH 
probes for Csta promoter sequence were designed and synthesized by Well Bio (Guangzhou, China). 
The IncRNA FISH kit (C10910) was purchased from Wellbio (Guangzhou, China). The cell slides were 
fixed with 4% paraformaldehyde for 30 min at 25 °C, permeabilized with proteinase K for 30 min at 37 
°C, and blocked for 30 min at 37 °C with 200 μL of pre-hybridization solution. After removing the pre-
hybridization solution, 100 μL of the probe hybridization solution was added to the cell slides overnight 
at 37 °C in the dark. After being washed three times for 5 min each with 4 × SSC, 2 × SSC, 1 × SSC, and 
PBS, the cell slides were incubated with the appropriately diluted primary antibody (anti-GTF3A) 
overnight at 4 °C. After washing three times with PBS, the slides were incubated with the secondary 
antibody (fluorescence labelled anti-rabbit immunoglobulin G) for 90 min at 37 °C. Finally, the slides 
were stained with 4’,6-diamidino-2-phenylidole for 10 min at 37 °C and sealed with 90% glycerin. All 
images were acquired using a fluorescence microscope.

Electrophoretic mobility shift assay
A biotin labeled Csta promoter DNA probe (5’-biotin-agctagtgacgccttttaaaacacgt ccaccattccttcctttttttc-3’) 
was synthesized by Sangon (Shanghai, China). Both sense and antisense strands were diluted to a 
concentration of 0.2 μM, mixed at 1:1, denatured at 95 °C for 5 min, maintained at 70 °C for 20 min, and 
formed into a double-stranded probe (diluted 10 times when used) after being cooled to room 
temperature. Following the instructions of the electrophoretic mobility shift assay (EMSA) kit (CWBIO, 
Beijing, China), the protein supernatant for each sample was separated on a 4% polyacrylamide gel, and 
transferred to a nylon membrane (CWBIO). The protein membrane was cross-linked using UV 
radiation, blocked with a confining liquid, and incubated with the indicated streptavidin-horseradish 
peroxidase conjugate. The signal was detected on a gel imager using the ECL Western blotting kit 
(CWBIO, Beijing, China).

Luciferase activity assay
A dual-luciferase reporter assay system (Promega) was used to detect the expression of Csta following 
the manufacturer’s instructions. Briefly, the Csta promoter was cloned into the firefly luciferase plasmid, 
and Csta promoter-luc was obtained. Then, 1 × 105 of HCT116 cells were cultured in 48-well plates. Csta 
promoter-luc, plasmid-Renilla, and plasmid-GTF3A were co-transfected into HCT116 cells with X-
tremeGene HP. After 48 h of culture, the cells were harvested, lysed with Passive Lysis Buffer, and 
treated with Luciferase Assay Reagent. Firefly luciferase and renilla luciferase were measured. The ratio 
of firefly luciferase to renilla luciferase represents the expression of Csta.

Statistical analysis
All experiments were performed at least three times. The results are presented as the mean ± SD of three 
independent experiments and were analyzed using Student’s t-test. The differences between groups are 
reported as follows: aP < 0.05, bP < 0.01, cP < 0.001, and P > 0.05. All statistical data were calculated using 
GraphPad Prism software (version7.0).

RESULTS
High expression of GTF3A in CRC and metastatic tissues
To determine the expression of GTF3A in CRC tissues, two sets of CRC tissue microarray were used to 
detect GTF3A expression by IHC. GTF3A was found to have higher expression in the cancer tissues than 
in the adjacent tissues of HCol-Ade180Sur-08 microarray. To further probe whether metastatic cancers 
had higher expression and analyze the association of GTF3A expression with metastasis, HCol-
Ade060Lym-01 microarray containing CRC cancer, metastatic tissues, and adjacent tissues was also 
used to detect GTF3A, and observe GTF3A expression in metastatic tissues. These two microarrays had 
a total of 110 cancer tissues, 110 adjacent tissues, and 20 metastatic tissues, some of which were chipped 
off and could not be used; 102 cases in the cancer group, 106 in the adjacent group, and 20 in the 
metastatic group were calculated by gray scanning and scored, and survival time and survival curve 
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Figure 1 Transcriptional factor III A expression in colorectal cancer and survival analysis of patients with colorectal cancer. A: 
Transcriptional factor III A (GTF3A) expression in adjacent normal, colorectal cancer (CRC), and metastatic tissues were detected using immunohistochemical 
staining. The grading standards were: (1) Negative, a, scored as 0; (2) Weakly positive, b, scored as 1; (3) Moderately positive, c, scored as 2; and (4) Strongly 
positive, d, scored as 3. Scale bar, 50 μm; B: GTF3A expression in adjacent normal, CRC, and metastatic tissues was quantified using semi-quantitative histological 
score. Scored dots expression groups were statistically analyzed using unpaired t test; C: Overall survival of patients with GTF3A negative (n = 25) or GTF3A positive 
(n = 56) expression was analyzed by log-rank (Mantel-Cox) test. bP < 0.01; cP < 0.001. GTF3A: Transcriptional factor III A; HSCORE: Semi-quantitative histological 
score.

were analyzed. The expression of GTF3A in CRC and metastatic tissues was higher than that in adjacent 
normal tissues (Figures 1A and B, P < 0.01). To analyze whether GTF3A expression was relevant to 
survival time, patients with CRC were divided into GTF3A negative and positive groups, and the 
survival curve of CRC patients showed that the negative group had a longer overall survival than the 
positive group (Figure 1C, P < 0.05). These clinical data suggested that GTF3A expression is associated 
with CRC progression.

Knockdown of the Gtf3a gene inhibits CRC cell proliferation
Five CRC cell lines, HCT116, SW480, DLD1, SW620, and HT-29, were used to detect the expression of 
GTF3A using Western blot. The results showed that SW480 cells had high expression of GTF3A, 
whereas HCT116, DLD1, SW620, and HT-29 cells had low expression of GTF3A (Figure 2A). To clarify 
the role of Gtf3a in CRC, shGTF3A#1, #2, #3, and #4 were designed and packaged into the virus. Their 
inhibitory effects on Gtf3a were screened, and the results showed that shGTF3A#1 and shGTF3A#4 had 
high knockdown efficiencies. HCT116 and SW480 cells were stably transfected with shscramble, 
shGTF3A#1, or shGTF3A#4. RT-qPCR was performed to evaluate knockdown efficiency, and the results 
showed that shGTF3A#1 and shGTF3A#4 induced effective knockdown of Gtf3a in HCT116 and SW480 
cells (Figure 2B). Consistently, Western blot results showed that GTF3A protein expression was 
effectively decreased in shGTF3A#1 and #4-HCT116 and shGTF3A#1 and #4-SW480 cells (Figure 2B). 
The cell viability of HCT116 and SW480 cells was detected using the CCK8 assay after knockdown of 
the Gtf3a gene, and the cell proliferation of HCT116 and SW480 cells was significantly decreased in the 
knockdown group (Figure 2B). Furthermore, the cell colony formation assay showed that colony size 
and number were dramatically diminished in Gtf3a-knockdown cells (Figure 2C, P < 0.01). These data 
indicated that knockdown of Gtf3a inhibits the growth of CRC cells.

Knockdown of Gtf3a inhibits CRC cell motility and invasion
Gtf3a-knockdown SW480 and HCT116 cells were used to determine whether Gtf3a is involved in CRC 
cell motility and invasion. Results of the wound healing assay showed that shGTF3A#1 and #4-HCT116 
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Figure 2 Knockdown of transcriptional factor III A gene inhibits colorectal cancer cell proliferation. A: The expression of transcriptional factor III 
A (GTF3A) in HCT116, SW480, DLD-1, SW620, and HT-29 cells was detected by Western blot; B: HCT116 and SW480 cells were stably transfected with short 
hairpin (sh) shscramble and shGTF3A#1 and #4-GV112 virus, respectively. Gtf3a mRNA (b1) and GTF3A protein (b2) expression were detected using real-time 
quantitative polymerase chain reaction and Western blot, respectively. The cell viability of HCT116 and SW480-shscramble as well as shGTF3A#1 and #4 cells was 
detected using Cell Counting Kit assay (b3); C: Colony formation of the transfected HCT116 and SW480 cells was detected using colony formation assay (c1), and 
the colony number was counted (c2). Gtf3a mRNA expression, cell colony number, and cell viability are expressed as the mean ± SEM of three independent 
experiments. aP < 0.05; bP < 0.01; cP < 0.001. GTF3A: Transcriptional factor III A; GAPDH: Glyceraldehydes-3-phosphate dehydrogenase.

and shGTF3A#1 and #4-SW480 cells had impaired migratory capability compared with shscramble cells 
(Figure 3A). In addition, the transwell assay showed that invasion and metastasis in the Gtf3a-
knockdown groups were significantly repressed compared with those in the controls (Figure 3B), and 
the number of invaded or migrated cells in the knockdown groups dramatically decreased (Figure 3B). 
Collectively, these results highlighted that knockdown of Gtf3a suppressed CRC cell invasion and 
metastasis in vitro, whereas the Gtf3a gene promoted the progression of CRC.

GTF3A protein regulates CSTA by binding to the CSTA promoter
To explore the molecular mechanisms of GTF3A in CRC progression, RNA-Seq was used to screen the 
target genes of GTF3A, and the differential genes between SW480 Gtf3a-knockdown and scramble 
control cells were analyzed. The RNA-Seq results are shown in Figures 4A and 4B; several differentially 
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Figure 3 Knockdown of transcriptional factor III A gene inhibits the invasion and migration of colorectal cancer cell in vitro. A: The 
migratory abilities of short hairpin (sh) GTF3A#1 and #4-HCT116 cells were detected using wound-healing assay (a1). The migratory abilities of shGTF3A#1 and #4-
SW480 cells were detected as above (a2); B: The migratory and invasive capabilities of shGTF3A#1 and #4-HCT116 (b1) and shGTF3A#1 and #4-SW480 cells (b2) 
were detected using transwell assay. The migrated and invaded cells were counted (b3). Migratory and invasive capabilities are expressed as the mean ± SEM of 
three independent experiments. cP < 0.001.

expressed genes were found between the groups (Figures 4A and 4B, Supplementary Table 4). In 
particular, the expression of Csta/Cst1/Cst4 genes in Gtf3a-knockdown cells was dramatically lower 
than that in the control group (Supplementary Table 4). Csta/Cst1/Cst4 genes, members of the cystatin 
superfamily that encode cysteine protease inhibitors, are overexpressed in various types of cancers, 
subsequently promoting cancer cell metastasis and resulting in a poor prognosis[14-16]. RT-qPCR and 
Western blot results showed that the expression of Csta/Cst1/Cst4 genes was significantly decreased in 
Gtf3a-knockdown cells (Figures 4C and 4D).

The results of the RNA-Seq showed that CSTA had the largest difference after knockdown of Gtf3a in 
FISH experiments; the sequence probe of the Csta promoter was labeled with red fluorescence, whereas 
GTF3A was labeled with green fluorescence. The fluorescence staining of the GTF3A and Csta 
promoters was colocalized to a large extent as indicated by an orange-yellow fused fluorescence 
(Figure 4E), suggesting that GTF3A binds with the Csta promoter. To confirm the interaction between 
GTF3A and the Csta promoter, EMSA was performed to directly observe the interaction of GTF3A and 
the Csta promoter. The results showed that GTF3A interacted with the Csta promoter (Figure 4F). Next, 
a dual-luciferase assay was carried out to determine whether the interaction of GTF3A with Csta 
promoter increased Csta expression, and the results showed that the transcript activity of the Csta gene 
was significantly increased after transfection with CSTA (Figure 4G, P < 0.05). These data suggested that 
GTF3A binds to the Csta promoter to regulate its transcription and translation.

https://f6publishing.blob.core.windows.net/726dab2d-8e27-4876-acdb-ffa810574073/WJGO-14-1918-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/726dab2d-8e27-4876-acdb-ffa810574073/WJGO-14-1918-supplementary-material.pdf
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Figure 4 Transcriptional factor III A regulates cystatin A by binding to the promoter of cystatin A gene. A: Heat map of RNA-sequencing (RNA-
Seq) for transcriptional factor III A gene (Gtf3a)-knockdown and scramble control cells; B: Volcano plot of RNA-Seq for Gtf3a-knockdown and scramble control cells; 
C: mRNA expression of Gtf3a, cystatin A (Csta), cystatin SN gene (Cst1), and cystatin S genes (Cst4) in short hairpin (sh)scramble-SW480 and shGTF3A#1 and #4-
SW480 cells were detected using real-time quantitative polymerase chain reaction; D: GTF3A, CSTA, CST1, and CST4 in shscramble-SW480 and shGTF3A#1 and 
#4-SW480 cells were detected using Western blot; E: RNA fluorescence in situ hybridization was performed to verify the locations of the Csta promoter probe 
(lncRNA) and GTF3A in SW480 cells; F: Electrophoretic mobility shift assay (EMSA) was used to test the interaction of the Csta promoter and GTF3A. The Csta 
promoter plus GTF3A antibody as the super shift in EMSA; G: Luciferase activity assay was used to detect the interaction of GTF3A with the Csta promoter and the 
transcription of Csta. Group 1 (Csta promoter-luc blank vector plus GTF3A blank plasmid) and group 2 (Csta promoter-luc blank vector plus GTF3A-plasmid) served 
as the control groups, and group 3 (Csta promoter-luc plus GTF3A) and group 4 (Csta promoter-luc plus GTF3A blank vector) as experimental groups. Csta 
expression is expressed as the mean ± SEM of three independent experiments. cP < 0.001. GTF3A: Transcriptional factor III A; GAPDH: Glyceraldehydes-3-
phosphate dehydrogenase; CSTA: Cystatin A; CST1: Cystatin SN; CST4: Cystatin S.

GTF3A mediates CRC cell EMT by regulating the expression of CSTA
The above results indicated that GTF3A promoted CRC cell invasion and metastasis. To investigate the 
underlying mechanisms, EMT markers, such as Snail, E-cadherin, and beta-catenin, were detected in 
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Figure 5 Transcriptional factor III A mediates epithelial-mesenchymal transition of colorectal cancer cells by regulating cystatin A. A: 
Epithelial-mesenchymal transition (EMT) biomarkers E-cadherin, beta-catenin, and snail in short hairpin of transcriptional factor III A (shGTF3A) #1 and #4-HCT116 
cells and the control group were detected by Western blot; B: EMT biomarkers were tested in shGTF3A#1 and #4-SW480 cells and the control group; C: mRNA 
expression of cystatin A (Csta) gene in shCSTA#1,2-SW480 and the control group was detected using real-time quantitative polymerase chain reaction; D: EMT 
biomarkers were analyzed in Csta-knockdown SW480 and the control cells. Cystatin A mRNA expression is expressed as the mean ± SEM of three independent 
experiments. There were statistically significant differences between shCSTA#1,2-SW480 and the control group. cP < 0.001. GTF3A: Transcriptional factor III A; 
GAPDH: Glyceraldehydes-3-phosphate dehydrogenase; CSTA: Cystatin A; shscramble: Short hairpin scramble; shCSTA: Short hairpin of transcriptional factor III A.

scrambled control and Gtf3a-knockdown cells. Western blot results showed that Gtf3a-knockdown 
HCT116 and SW480 cells had decreased Snail expression and increased E-cadherin expression 
compared with the scrambled control (Figures 5A and 5B). Moreover, GTF3A regulates the expression 
of CSTA/CST1/CST4, and CST1 promotes the migration and invasion of breast cancer cells by up-
regulating E-cadherin[23]. Consistent with these results, Csta-knockdown cells were constructed 
(Figure 5C), and Snail, E-cadherin, and beta-catenin were detected in these cells. The cells showed 
down-regulated Snail expression and upregulated E-cadherin expression (Figure 5D). Collectively, 
GTF3A may mediate the EMT to promote CRC cell metastasis by regulating CSTA and CST1 expression.

GTF3A promotes CRC cell growth in vivo
The above results showed that GTF3A promoted the proliferation, invasion, and metastasis of CRC cells 
in vitro. To verify whether GTF3A promotes CRC progression in vivo, nude mice were subcutaneously 
injected with the Gtf3a-knockdown and control cells to examine the function of Gtf3a. After 28 d, the 
Gtf3a-knockdown group had a significantly smaller tumor size (Figures 6A and 6B) and slower tumor 
growth (Figure 6C, P < 0.05) than the control group. In addition, the Gtf3a-knockdown group showed a 
reduction in tumor weights (Figure 6D, P < 0.05). In vivo experiments demonstrated that GTF3A 
promoted the growth of CRC cells.

DISCUSSION
As a transcription factor of RNA polymerase III, GTF3A is homologous to TFIIIB and TFIIIC, which 
guides the accurate transcription of 5S RNA genes[32]. RNA polymerase III is responsible for the 
transcription of non-coding genes including U6 snRNA, tRNA, and 5S RNA[33]. Deregulation of RNA 
polymerase III leads to the development of a large variety of human disorders[34], and upregulation of 
RNA polymerase III transcription has been observed in various types of cancer[35,36]. TFIIIB and TFIIIC 
can enhance the transcriptional activity of RNA polymerase III and mediate cellular transformation and 
tumor formation[37-40]. In addition, TFIIIA-mediated 5S rRNA is an essential component of 5S RNP 
that regulates the Hdm2-p53 checkpoint to affect ribosome biosynthesis and cancer progression[9-13], 
indicating that GTF3A participates in the occurrence and development of various cancer types. Overex-
pression of GTF3A has been observed in CRC tumors and metastatic tissues using CRC tissue arrays, 
and clinical data analysis suggests that GTF3A is associated with CRC progression and metastasis.
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Figure 6 Transcriptional factor III A promotes colorectal cancer growth in vivo. A: Short hairpin of transcriptional factor III A (shGTF3A)-HCT116 and 
short hairpin of scramble (shscramble)-HCT116 cells were subcutaneously injected into the right armpit of nude mice. After 28 d, the mice were euthanized, and the 
images of the representative nude mice are shown; B: Tumors were stripped from the nude mouse; C: The tumor growth curve of shGTF3A-HCT116 and 
shscramble-HCT116 cells was calculated by tumor volume; D: The removed tumors of shGTF3A-HCT116 and shscramble-HCT116 cells were weighed; E: Schematic 
diagram of GTF3A-promoting CRC metastasis. GTF3A bound to the promoter of cystatin A (Csta) gene to increase Csta gene transcription and protein expression, 
increased CSTA regulated the epithelial-mesenchymal transition (EMT) to promote invasion and metastasis of colorectal cancer (CRC) cells, while knockdown of 
Gtf3a decreased CSTA expression, inhibited the EMT, and reduced CRC cell invasion and metastasis. aP < 0.05. shscramble: Short hairpin scramble; shCSTA: Short 
hairpin of transcriptional factor III A; EMT: Epithelial-mesenchymal transition; CRC: Colorectal cancer; CSTA: Cystatin A.

A series of in vitro and in vivo experiments was performed to examine the role of GTF3A in CRC 
development. The results showed that the knockdown of Gtf3a inhibited the proliferation, invasion, and 
metastasis of CRC cells. Generally, cancer metastasis is mostly related to the EMT[41]. We hypothesized 
that GTF3A promotes CRC cell metastasis by mediating the EMT. Thus, the EMT biomarkers Snail, 
vimentin, beta-catenin, and E-cadherin were detected. These changes in Snail and E-cadherin levels 
were in accordance with our hypothesis. The vimentin had no changed after knockdown of GTF3A (not 
shown). Both RNA-Seq and RT-qPCR showed that Csta expression was dramatically decreased in Gtf3a-
knockdown cells. Furthermore, the luciferase activity assay suggested that GTF3A regulates the Csta 
transcription and translation by binding to the Csta promoter, therefore, Csta is a target gene of GTF3A.

CSTA is associated with invasion and metastasis in various cancer types[17,19,22], and in vitro 
experiments have shown that CSTA modulates the invasion and metastasis of NPC cells[18]. Based on 
our data, GTF3A may regulate Csta expression to mediate the EMT and promote CRC metastasis. FISH 
and EMSA results suggested that GTF3A binds with the promoter of the Csta gene, and the luciferase 
activity assay showed that GTF3A upregulated Csta transcription by binding to the Csta promoter. In 
addition, CSTA regulates E-cadherin and Snail expression, there mediating the EMT shift. Collectively, 
GTF3A upregulates CSTA expression to promote CRC metastasis by accelerating EMT shift. CST1 is 
associated with the progression and prognosis of various cancer types[20,25], and its overexpression 
modulates EMT progression by modulating the PI3K/AKT pathway in vivo and in vitro[22].
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CONCLUSION
GTF3A increases Csta gene transcription and protein expression by binding to the Csta promoter, 
increases the expression of CSTA, enhances the EMT process, and facilitates CRC cell invasion and 
metastasis. However, knockdown of Gtf3a decreases CSTA expression, inhibits the EMT, and suppresses 
CRC cell invasion and metastasis (Figure 6E). Therefore, GTF3A is a potential novel therapeutic target 
and prognostic biomarker in human CRC.

ARTICLE HIGHLIGHTS
Research background
Advanced colorectal cancer (CRC) generally has poor outcomes and high mortality rates. Clarifying the 
molecular mechanisms underlying CRC progression is necessary to develop new diagnostic and 
therapeutic strategies to improve CRC outcome and decrease mortality.

Research motivation
Transcriptional factor III A (GTF3A), an RNA polymerase III transcriptional factor, is a critical driver of 
tumorgenesis and aggravates CRC cell growth. The mechanism of GTF3A participating in CRC is not 
clear.

Research objectives
To confirm whether GTF3A aggravates CRC progression and investigate molecular mechanisms 
underlying CRC progression.

Research methods
Immunohistochemistry was used to detect GTF3A expression in CRC tissues. Short hairpin GTF3As and 
CSTAs were designed and packaged into the virus to block the expression of Gtf3a and Csta genes. RNA 
sequencing and data analysis was used to screen the target genes of GTF3A. Fluorescence in situ hybrid-
ization assay was used to detect the interaction of GTF3A with Csta, and luciferase activity assay was 
used to evaluate the expression of Gtf3a and Csta genes.

Research results
GTF3A was highly expressed in CRC tissues and metastatic tissues, and its expression was associated 
with CRC prognosis. Knockdown of the Gtf3a gene impaired CRC cell proliferation, invasion, and 
motility in vitro and in vivo. GTF3A increased Csta transcription, and increased CSTA upregulated 
epithelial-mesenchymal transition (EMT) markers.

Research conclusions
GTF3A increases CSTA expression by binding to the Csta promoter, and increased CSTA levels promote 
CRC progression by regulating EMT. Inhibition of GTF3A prevents CRC progression.

Research perspectives
GTF3A may be a potential novel therapeutic target and biomarker for CRC.
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Abstract
BACKGROUND 
As a proteoglycan, VCAN exists in the tumor microenvironment and regulates 
tumor proliferation, invasion, and metastasis, but its role in hepatocellular 
carcinoma (HCC) has not yet been elucidated.

AIM 
To investigate the expression and potential mechanism of action of VCAN in 
HCC.

METHODS 
Based on The Cancer Genome Atlas Liver Hepatocellular Carcinoma dataset, we 
explored the correlation between VCAN expression and clinical features, and 
analyzed the prognosis of patients with high and low VCAN expression. The 
potential mechanism of action of VCAN was explored by Gene Ontology analysis, 
Kyoto Encyclopedia of Genes and Genomes analysis, and gene set enrichment 
analysis. We also explored immune cell infiltration, immune checkpoint gene 
expression, and sensitivity of immune checkpoint [programmed cell death protein 
1 (PD-1)/cytotoxic T lymphocyte antigen 4 (CTLA4)] inhibitor therapy in patients 
with different VCAN expression. VCAN mRNA expression and VCAN meth-
ylation in peripheral blood were tested in 100 hepatitis B virus (HBV)-related 
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patients (50 HCC and 50 liver cirrhosis).

RESULTS 
VCAN was highly expressed in HCC tissues, which was associated with a poor prognosis in HCC 
patients. No significant difference was found in VCAN mRNA expression in blood between 
patients with HBV-related cirrhosis and those with HCC, but there was a significant difference in 
VCAN methylation between the two groups. The correlation between VCAN and infiltrations of 
several different tumor immune cell types (including B cells, CD8+ T cells, and eosinophils) was 
significantly different. VCAN was strongly related to immune checkpoint gene expression and 
tumor mutation burden, and could be a biomarker of sensitivity to immune checkpoint 
(PD1/CTLA4) inhibitors. In addition, VCAN mRNA expression was associated with hepatitis B e 
antigen, HBV DNA, white blood cells, platelets, cholesterol, and coagulation function.

CONCLUSION 
High VCAN level could be a possible biomarker for poor prognosis of HCC, and its immunomod-
ulatory mechanism in HCC warrants investigation.

Key Words: VCAN; Hepatocellular carcinoma; Hepatitis B virus; Immune checkpoints; Tumor micro-
environment

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: VCAN expression is significantly higher in hepatocellular carcinoma (HCC) tumor tissue than in 
adjacent tissue, and high VCAN level may be a possible biomarker for the diagnosis and prognosis of 
HCC. VCAN is associated with hepatitis B e antigen in hepatitis B virus infected patients. VCAN may 
play a role in HCC through the extracellular matrix signaling pathway and inflammatory immune 
response, and is a potential biomarker for immune checkpoint (programmed cell death protein 1/cytotoxic 
T lymphocyte antigen 4) inhibitors.

Citation: Wang MQ, Li YP, Xu M, Tian Y, Wu Y, Zhang X, Shi JJ, Dang SS, Jia XL. VCAN, expressed highly in 
hepatitis B virus-induced hepatocellular carcinoma, is a potential biomarker for immune checkpoint inhibitors. 
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URL: https://www.wjgnet.com/1948-5204/full/v14/i10/1933.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.1933

INTRODUCTION
According to the GLOBOCAN 2020 estimates, the number of new liver cancer cases in China (410038) 
accounted for 45.7% of the global total (905077), and the fatality rate ranks second among malignant 
tumors in China[1,2]. In contrast to Western countries, 92.6% of liver cancer in China is caused by 
chronic hepatitis B virus (HBV) infection [86% pure HBV infection and 6.7% coinfection of HBV and 
hepatitis C virus (HCV)], which often occurs with cirrhosis and has a worse prognosis[3].

Due to a strong correlation between the occurrence of hepatocellular carcinoma (HCC) and the 
continuous immune inflammatory response, it is necessary to explore whether and how the tumor 
microenvironment (TME) acts on the progression of HCC[4]. The TME is where tumor cells exist and 
includes the extracellular matrix (ECM), fibroblasts, blood vessels, and various immune cells[5]. The 
ECM supports the structure of connective tissues and regulates cell functions, which consists of fibers, 
proteoglycans, hyaluronic acid, and glycoproteins[6]. In the TME, nonmalignant cells can help tumor 
cells proliferate, invade, and metastasize[7]. The TME in HCC plays an important role in promoting 
tumor progression and inhibiting antitumor immunity. For example, tumor-associated macrophages 
(TAMs) are important immune cells involved in the microenvironment of HCC, and the low presence of 
CD86+ TAMs and high presence of CD206+ TAMs are significantly associated with aggressive tumor 
phenotypes, poor overall survival (OS), and shortened recurrence time[8]. The use of various targeted 
TME drugs for advanced unresectable HCC has been written into the guidelines[9-11]. VCAN is a 
proteoglycan that exists in the ECM of the TME, binds to integrins and integrin receptors or other ECM 
components on the cell surface, interacts with various cells in the TME, and participates in the adhesion, 
proliferation, migration, and angiogenesis of tumor cells[12]. VCAN promotes the invasion and 
metastasis of HCC in cell experiments[13,14], but the mechanism is still unclear. In addition, VCAN 
mRNA expression in human liver cancer tissues is higher than that in adjacent tissues[15], but whether 
VCAN could be a marker for the early diagnosis of HCC needs confirmation.

https://www.wjgnet.com/1948-5204/full/v14/i10/1933.htm
https://dx.doi.org/10.4251/wjgo.v14.i10.1933


Wang MQ et al. Immunomodulatory effect of VCAN in HCC

WJGO https://www.wjgnet.com 1935 October 15, 2022 Volume 14 Issue 10

This study enrolled 100 patients with HBV-related liver diseases, including 50 with HCC and 50 with 
liver cirrhosis. VCAN mRNA expression and DNA methylation in serum were detected to analyze their 
correlation with clinical features. By using public datasets, we explored VCAN mRNA expression in 
HCC patients, the impact of VCAN on the clinical characteristics of patients, and the possible immune 
mechanism of VCAN in HBV-related HCC. Figure 1 more clearly describes the content of our study. We 
hope that this research will help to clarify the role of VCAN in HCC.

MATERIALS AND METHODS
Dataset download
The RNA expression profiles and corresponding clinicopathological information of The Cancer Genome 
Atlas Liver Hepatocellular Carcinoma (TCGA-LIHC) were downloaded from TCGA database (
https://portal.gdc.cancer.gov/repository?facetTab=cases) on May 30, 2021. The transcriptome data of 
374 cancer tissues and 50 paracancer tissues were annotated to extract the expression of VCAN.

Correlation between VCAN expression and clinical characteristics
VCAN mRNA expression in different cancer types was analyzed online with TIMER[16] (https://ci
strome.shinyapps.io/timer/). R3.6.1 was used to perform differential analysis of VCAN mRNA in 
tumor tissues and adjacent tissues of patients from TCGA-LIHC. The Kruskal-Wallis test was performed 
to evaluate the correlation between VCAN expression and the clinical characteristics of TCGA-LIHC 
patients. The OS of HCC patients with high and low expression of VCAN was compared by Kaplan-
Meier analysis and the log-rank test with the survival package in R3.6.1.

Clinical validation of VCAN expression in HBV related cirrhosis and HCC patients
During September 2021 to April 2022, 100 hospitalized HBV-related patients (50 with HCC and 50 with 
liver cirrhosis) were enrolled in the Second Affiliated Hospital of Xi’an Jiaotong University. Patients 
with HCC and liver cirrhosis had to meet the diagnostic criteria of Guidelines for Diagnosis and 
Treatment of Primary Liver Cancer in China (2019 edition)[17] and The Guidelines of Prevention and 
Treatment for Chronic Hepatitis B (2019 version)[18]. Among 50 HBV-related HCC patients, we 
collected ten pairs of tumor tissues and adjacent tissues of patients who underwent surgical therapy, 
and tumor-adjacent tissues were used as a control group to perform immunohistochemistry. The study 
was reviewed and approved by the Medical Ethics Committees of the Second Affiliated Hospital of 
Xi’an Jiaotong University (Approval No. 2019-1093). Informed consent was required from all 
participants.

Quantitative real-time polymerase chain reaction
Total RNA was extracted from the mononuclear cells of collected peripheral blood with TRIzol reagent 
(Invitrogen, United States). Using total RNA as a template, cDNA was synthesized by reverse 
transcription, and then real-time fluorescent quantitative polymerase chain reaction (PCR) was 
performed using the SYBR® Premix Ex Taq™ II kit (Takara, Japan). The primer sequences of VCAN 
(primers synthesized by the Shanghai Shenggong Biological Engineering Co. Ltd.) are: Forward, 5’-
TGGCATGAGAATGGCCAGTGGA-3’ and reverse, 5’- AAGCCAGAGACCCTCCCCCA-3’. OAZ1 was 
used as the internal reference. The primer sequences of OAZ1 (primers synthesized by the Shanghai 
Shenggong Biological Engineering) are: Forward, 5’-AGCAAGGACAGCTTTGCAGTTCTC-3’ and 
reverse, 5’- GATGCCCCGGTCTCACAATC-3’. The final Ct value of the target gene was the average of 
the Ct values of three replicate wells. The relative expression of VCAN mRNA was calculated according 
to the following formula: Relative expression of the target gene = 2-ΔCt, ΔCt = Ct(VCAN) - Ct(OAZ1).

DNA extraction and methylation detection
The peripheral venous blood of the participants was collected, and genomic DNA was extracted with a 
blood DNA extraction kit (Tiangen, Beijing, China). The extracted genomic DNA was treated with 
bisulfite using an EZ DNA Methylation-Gold Kit (Zymo, Irvine, CA, United States) and then subjected 
to high-throughput sequencing after PCR amplification to obtain DNA methylation results.

Immunohistochemistry
Tissue samples were boiled in Tris/EDTA buffer (pH 9.0) for antigen retrieval, and immunohisto-
chemistry was performed with primary antibody (EPR12277; Abcam, The United Kingdom), according 
to the SP Rabbit HRP Kit instructions (CE2035S, CWBIO, China).

VCAN function prediction
VENNY 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/index.html) was used to draw a Venn 
diagram containing coexpressed genes of VCAN (P < 0.05, r > 0.6), and differentially expressed genes 
between the high VCAN group and low VCAN group (median cut off, |log2 Fold change| >2, P < 0.05). 

https://portal.gdc.cancer.gov/repository?facetTab=cases
https://cistrome.shinyapps.io/timer/
https://cistrome.shinyapps.io/timer/
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Figure 1 Experimental design of the study. HCC: Hepatocellular carcinoma; TCGA: The Cancer Genome Atlas; FC: Fold change; FDR: False discovery rate; 
GO: Gene Ontology; KEEG: Kyoto Encyclopedia of Genes and Genomes; TMB: Tumor mutation burden; PD-1: Programmed cell death protein 1; CTLA4: Cytotoxic T 
lymphocyte-associated antigen-4.

These intersection genes were strongly related to the potential immune mechanism of VCAN in HCC, 
which were considered as VCAN-related genes. VCAN-related genes were annotated by Gene Ontology 
(GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEEG) gene set function using the 
clusterProfiler package of R3.6.1.

Gene set enrichment analysis (GSEA) was performed on the group with high and low expression 
(median as the cutoff) of VCAN in TCGA-LIHC using GSEA 4.0.3. KEGG gene set (c2.cp.kegg. 
v7.4.symbols.gmt) was applied to explore the potential signaling pathway of VCAN in HCC (false 
discovery rate < 0.05)[19]. The proteins that may interact with VCAN were obtained with STRING (
https://www.string-db.org/), and a corresponding protein-protein interaction (PPI) network diagram 
was drawn.

TME immune score and stroma score of TCGA-LIHC liver cancer tissues were calculated based on 
estimated algorithm using the R3.6.1 package estimate. Different algorithms (ssGSEA, CIBERSORTx, 
and TIMER) were used to evaluate intratumoral immune cell composition in patients with high and low 
expression of VCAN in TCGA-LIHC[16,20,21]. Tumor mutation burden (TMB) was calculated using the 
TCGA mutations package of R3.6.1. An immune checkpoint genes list was obtained from the published 
literature[22]. These gene expression data were extracted from transcripts of TCGA-LIHC to perform 
correlation analysis with VCAN expression.

Statistical analysis
All analyses and image preparation were performed using SPSS 22.0 (SPSS Inc., Chicago, IL), GraphPad 
Prism 5.0 (GraphPad, United States), Origin 2021b (OriginLab, United States), and R3.6.1. Normally 
distributed measurement data are represented by the mean ± SD, and those with a skewed distribution 
by the median (25%, 75%). Numerical data are represented by the number of cases. The means of two 
groups were compared by the t-test or Wilcoxon rank-sum test, and those of multiple groups were 
compared by analysis of variance or Kruskal-Wallis nonparametric test. The rates of multiple groups 
were compared by the χ2 test. P < 0.05 indicated that the difference was statistically significant.

RESULTS
Clinical characteristics and VCAN expression in HCC patients in public databases
VCAN was highly expressed in a variety of tumor tissues, including breast cancer, cholangiocarcinoma, 
colon cancer, esophageal cancer, glioma, head and neck squamous cell carcinoma, renal chromophore 
cell carcinoma, renal papillary cell carcinoma, HCC, lung adenocarcinoma, lung squamous cell 
carcinoma, gastric cancer, and thyroid cancer (Figure 2A). VCAN was significantly overexpressed in 
tumors in both paired and independent samples for patients from TCGA-LIHC (Figures 2B and C).

https://www.string-db.org/
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Figure 2 VCAN mRNA expression in tumor tissue and adjacent tissue in The Cancer Genome Atlas Liver Hepatocellular Carcinoma. A: 
VCAN mRNA expression in different types of tumors; B: VCAN mRNA expression in 374 tumor tissues and 50 normal tissues from The Cancer Genome Atlas Liver 
Hepatocellular Carcinoma (TCGA-LIHC); C: VCAN mRNA expression in 50 paired tumor tissues and normal tissues from TCGA-LIHC; D: Kaplan-Meier analysis for 
low VCAN and high VCAN expression (median as cutoff) in TCGA-LIHC. aP < 0.05, bP < 0.01, cP < 0.001. TPM: Transcripts per kilobase of exon model per million 
mapped reads; HR:  Hazard ratio.

Relationship between VCAN mRNA and clinical features in HCC patients in public databases
The patients were divided into two groups by the median of VCAN mRNA expression, and Kaplan-
Meier analysis indicated that the survival rate of the low VCAN expression group was significantly 
higher than that of the high-VCAN expression group in patients from TCGA-LIHC (Figure 2D). 
Univariate regression analysis showed that high level of VCAN was a marker of poor prognosis in HCC 
patients (Figure 3). There were significant differences in VCAN mRNA according to age, gender, 
pathological stage, and a-fetoprotein level of patients from TCGA-LIHC (Table 1).

Clinical characteristics of HBV-related HCC and cirrhosis, and VCAN mRNA and methylation levels
The clinical characteristics and relevant VCAN mRNA levels in the HBV-related HCC and cirrhosis 
patients are shown in Table 2. The baseline data including age, sex, antiviral therapy within 6 mo, 
hepatitis B e antigen (HBeAg), and Child-Pugh class were not significantly different between the two 
groups. There was no significant difference in VCAN mRNA between the two groups (Figure 4A), but 
there was a significant difference in VCAN methylation (Figure 4B). The methylation levels of each CpG 
site in the two groups of patients are shown in Figure 4C, which indicates that cg82767790, cg82767780, 
and cg82768850 differed significantly (P < 0.05). The correlation analysis between VCAN mRNA 
expression and the methylation levels of each site is shown in Figure 4D, which indicates that VCAN 
mRNA expression was not significantly related to any CpG sites of VCAN.

According to the immunohistochemical results in the Human Protein Atlas (HPA)[23], VCAN is 
mainly expressed in the ECM in liver tumor tissues (Figure 5A). Immunohistochemical results of 
hepatocellular and adjacent tumor tissue showed that VCAN was expressed more in tumor tissue than 
in adjacent tissue, and VCAN was mainly distributed in the ECM (Figure 5B), which was similar to the 
result in the HPA (Figure 5A).

Correlation between VCAN expression and clinical features in HBV-related HCC and cirrhosis
The participants were divided into either a group of patients with high VCAN mRNA expression or a 
group of patients with low VCAN mRNA expression in blood using the median as the cutoff. 
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Table 1 Correlation between VCAN expression and clinical characteristics in The Cancer Genome Atlas Liver Hepatocellular Carcinoma

Characteristic Low VCAN High VCAN P value
n 187 187

Age, n (%) 0.020

60 77 (20.6) 100 (26.8)

> 60 110 (29.5) 86 (23.1)

Gender, n (%) 0.015

Female 49 (13.1) 72 (19.3)

Male 138 (36.9) 115 (30.7)

Pathologic stage, n (%) 0.042

I & II 138 (39.4) 122 (34.8)

III & IV 41 (11.7) 45 (14.0)

Histologic grade, n (%) 0.090

G1 34 (9.2) 21 (5.7)

G2 88 (23.8) 90 (24.4)

G3 54 (14.6) 70 (19)

G4 8 (2.2) 4 (1.1)

AFP (ng/mL), median (IQR) 9 (3.5, 140) 23 (5, 419) 0.039

AFP: Alpha-fetoprotein; IQR: Interquartile range.

Table 2 Clinical features and VCAN expression in patients with hepatocellular carcinoma and liver cirrhosis caused by hepatitis B virus

Clinical feature HCC (n = 50) Liver cirrhosis (n = 50) P value

Age 57.55 ± 1.80 54.05 ± 2.22 0.227

Sex (male/female) 8/32 30/10 0.705

Anti-virus treatment (yes/no) 26/14 20/20 0.337

HBeAg (+/-) 7/33 6/34 0.144

HBV-DNA (IU/mL): ≤ 102/> 102 22/18 11/29 0.100

Child-Pugh: A/B&C 28/17 8/32 0.168

VCAN mRNA (%) 4.45 ± 0.56 3.83 ± 0.61 0.147

VCAN methylation 0.056 ± 0.009 0.047 ± 0.005 0.022

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

Table 3 Correlation between VCAN mRNA expression and clinical features

VCAN RNA expression (median as cutoff)
Variable

Low High
P value

Age 56.60 ± 8.45 55.00 ± 9.82 0.552

Male/female 39/11 38/12 0.705

Anti-viral treatment/no treatment 23/27 35/15 0.110

HBeAg (+)/(-) 21/29 5/45 0.028

HBV-DNA (IU/mL): ≤ 102/> 102 13/37 34/16 0.025
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Child-Pugh: A/B&C 35/15 31/19 0.490

AFP (ng/mL) 11.59 (3.47, 135.68) 21.43 (1.84, 210.88) 0.698

Total bilirubin (μmol/L) 26.37 (18.70, 50.25) 16.26 (11.47, 29.14) 0.035

Direct bilirubin (μmol/L) 8.44 (6.64, 27.92) 5.28 (3.51, 13.96) 0.043

Indirect bilirubin (μmol/L) 17.21 (12.23, 22.83) 10.51 (6.78, 13.39) 0.007

Total cholesterol (mmol/L) 2.90 ± 0.82 3.56 ± 0.81 0.015

LDL-C (mmol/L) 1.74 ± 0.59 2.25 ± 0.59 0.009

WBC (× 109/L) 3.54 ± 1.40 6.12 ± 2.40 < 0.001

Neutrophil (%) 58.69 ± 13.24 57.31 ± 14.48 0.302

Platelet (× 109/L) 76.60 ± 49.14 172.6 ± 87.01 < 0.001

Prothrombin time (s) 11.85 (10.85, 15.55) 11.15 (10.43, 11.83) 0.030

Prothrombin activity (%) 75.64 ± 21.15 89.37 ± 12.74 0.018

Fibrinogen (mg/dL) 186.00 ± 49.53 267.55 ± 111.17 0.006

LDL-C: Low density lipoprotein cholesterol; WBC: White blood cells; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; AFP: Alpha-fetoprotein.

Figure 3 Univariate and multivariate Cox regression forest plots of The Cancer Genome Atlas Liver Hepatocellular Carcinoma. HR: Hazard 
ratio; CI: Confidence interval.

Comparison of clinical characteristics between the two groups showed that the expression of VCAN 
was associated with HBeAg, HBV DNA, total cholesterol, low density lipoprotein-cholesterol, white 
blood cells, platelets, and prothrombin activity (Table 3).

Prediction of mechanism of action of VCAN
The PPI network diagram (Figure 6A) consists of proteins potentially interacting with VCAN, which are 
mainly proteoglycan molecules, ECM molecules, and inflammatory factors. After co-expression analysis 
and differential expression analysis of high and low expression of VCAN, we obtained 687 VCAN co-
expressed genes and 820 differentially expressed genes; 202 intersection genes (VCAN-related genes) 
are listed in Figure 6B.

GO analysis, KEGG analysis, and GSEA
The 202 intersection genes were subjected to functional annotation (Figure 6C). These genes mainly 
participate in biological processes involved in ECM organization, extracellular structure organization, 
and connective tissue development. VCAN-related genes participate in the formation of cellular 
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Figure 4 Expression of VCAN mRNA and DNA methylation in patients with hepatitis B virus-related hepatocellular carcinoma and 
cirrhosis. A: VCAN mRNA expression in the serum of hepatitis B virus (HBV)-related patients and controls; B: VCAN DNA methylation in the blood of HBV-related 
patients; C: Box diagram of VCAN CpG methylation in HBV-related patients; D: Correlation heatmap between VCAN mRNA and the methylation of each CpG site in 
blood. ns: P > 0.05, aP < 0.05. HCC: Hepatocellular carcinoma.
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Figure 5 Immunohistochemical staining for VCAN in tumor tissue and adjacent tissue. A: Immunohistochemical results of VCAN in normal liver 
tissue and liver tumor tissue in the Human Protein Atlas; B: Immunohistochemical results of VCAN in liver tumor tissue and tumor-adjacent tissue from patients.

components including collagen-containing ECM, endoplasmic reticulum lumen, collagen trimer, and 
basement membrane, and they performed molecular functions such as ECM structural constituents, 
glycosaminoglycan binding, and sulfur compound binding. KEGG analysis and GSEA showed that 
VCAN-related genes were mainly enriched in the PI3K-AKT signaling pathway, focal adhesion, protein 
digestion and absorption, ECM-receptor interaction, and proteoglycans in cancer (Table 4, Figure 6D).

VCAN participates in immunomodulatory function in HCC
The results of three different algorithms showed that immune cell infiltration was significantly different 
between the high and low VCAN expression groups (Figures 7A-C). The stromal score, immune score, 
and tumor purity of TCGA-LIHC tumor tissues were significantly different between the two groups 
(Figures 8A and B). VCAN was significantly correlated to all 47 immune checkpoint genes (Figure 8C). 
In addition, TMB in the low VCAN group was significantly higher than that in the high VCAN group 
(Figure 8D). Programmed cell death protein 1 (PD-1) and cytotoxic T lymphocyte antigen 4 (CTLA4) 
were significantly related to VCAN mRNA expression (Figure 8E). Based on the significant correlation 
between VCAN and immune checkpoint genes and TMB[24], VCAN is possible to predict sensitivity to 
immune checkpoint inhibitor (ICI) therapy in HCC.

DISCUSSION
Our study found no significant difference in VCAN mRNA in serum mononuclear cells between HBV-
related patients and controls, but the analysis based on BBCancer database showed that VCAN in HCC 
patients was significantly higher than that in normal controls (Supplementary Figure 1A). The possible 
reasons were as follows: The public database detected VCAN expression levels in extracellular vesicles 

https://f6publishing.blob.core.windows.net/55ebf2ff-8a01-4a00-90b2-fc41ba76050a/WJGO-14-1933-supplementary-material.pdf


Wang MQ et al. Immunomodulatory effect of VCAN in HCC

WJGO https://www.wjgnet.com 1942 October 15, 2022 Volume 14 Issue 10

Figure 6 Possible mechanism of action of VCAN in hepatocellular carcinoma. A: Protein-protein interaction analysis of VCAN on STRING; B: Venn 
diagram for VCAN co-expressed genes and differentially expressed genes in high VCAN group and low VCAN group; C: Gene Ontology analysis of the 202 
intersection genes; D: Kyoto Encyclopedia of Genes and Genomes analysis of the 202 intersection genes. HMMR: Hyaluronan mediated motility receptor; FBLN1: 
Fibulin-1; FBN1: Fibrillin-1; TLR2: Toll-like receptor 2; SELL: L-selectin; ITGAV: Integrin alpha-V; ITGA5: Integrin alpha-5; GPC1: Glypican-1; SDCBP: Syntenin-1; 
ERBB2: Receptor tyrosine-protein kinase erbB-2; FN1: Fibronectin 1; ITGB1: Integrin beta-1; ITGA4: Integrin alpha-4; CD44: CD44 antigen; TIRAP: Toll/interleukin-1 
receptor domain-containing adapter protein; HMGB1: High mobility group protein B1; SDC: Syndecan; SPP1: Secreted phosphoprotein 1.

in serum, while we detected VCAN expression levels in peripheral blood mononuclear cells, 
considering that VCAN is mainly expressed on the cell surface. Exosomes are vesicles secreted by a 
variety of living cells, which contain a variety of components such as protein and RNA. Tumor-derived 
or tumor-related exosomes play an important role in the regulation of tumor development, especially 
through the TME, so the result would have been different if we had collected plasma exosomes from 
patients to measure VCAN RNA levels[25]. The reason why we made the assumption that VCAN 
methylation was significantly lower in HCC patients’ blood, which is consistent with the result from 
TCGA-LIHC, was that VCAN is highly expressed in tumor tissue.
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Figure 7 Immune cell infiltration in low VCAN group and high VCAN group. A: Immune cell infiltration calculated by ssGSEA algorithm; B: Immune cell 
infiltration calculated by CIBERSORTx algorithm; C: Immune cell infiltration calculated by TIMER algorithm. ns: P > 0.05; aP < 0.05, bP < 0.01, cP < 0.001.

VCAN is highly expressed in tumor tissues, but especially higher in tumor tissues of HCC associated 
with viruses (Liver Cancer-RIKEN, Japan Project from International Cancer Genome Consortium) 
compared with HCC secondary to alcohol consumption and adiposity (ICGA-LICA-FR, 
Supplementary Figures 1B-D). In addition, when there is cirrhosis of the liver, viral hepatitis (including 
HBV and HCV) is more likely to progress to liver cancer than fatty hepatitis (including alcoholic and 
nonalcoholic), but when there is no cirrhosis of the liver, the opposite is true[26], which suggests that 
different causes have different mechanisms of progression from liver cirrhosis to cancer. VCAN 
expression in serum mononuclear cells is related to the characterization of HBeAg, which has been 
confirmed to promote the progression of HCC. This also proves that VCAN may promote the 
occurrence of liver cancer through interaction with HBeAg.

To investigate why VCAN is highly expressed in HCC tumor tissue or how it works, we also 
predicted VCAN-interacting proteins. The proteins that may interact with VCAN obtained by STRING 

https://f6publishing.blob.core.windows.net/55ebf2ff-8a01-4a00-90b2-fc41ba76050a/WJGO-14-1933-supplementary-material.pdf
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Table 4 Top 20 gene enrichment sets of highly expressed VCAN

Name Size ES NES NOM P value FDR Q value

KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS 96 -0.739 -2.154 < 0.001 5.13E-04

KEGG_PATHOGENIC_ESCHERICHIA_COLI_INFECTION 56 -0.720 -2.046 < 0.001 5.91E-04

KEGG_ECM_RECEPTOR_INTERACTION 84 -0.716 -2.162 < 0.001 8.55E-04

KEGG_AXON_GUIDANCE 129 -0.695 -2.191 < 0.001 0.0015376

KEGG_DILATED_CARDIOMYOPATHY 90 -0.680 -2.112 < 0.001 4.91E-04

KEGG_APOPTOSIS 87 -0.678 -2.042 < 0.001 6.26E-04

KEGG_CHEMOKINE_SIGNALING_PATHWAY 188 -0.678 -2.127 < 0.001 3.83E-04

KEGG_LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION 116 -0.677 -2.187 < 0.001 7.69E-04

KEGG_FOCAL_ADHESION 199 -0.675 -2.148 < 0.001 4.28E-04

KEGG_HYPERTROPHIC_CARDIOMYOPATHY_HCM 83 -0.673 -2.128 < 0.001 4.30E-04

KEGG_CELL_ADHESION_MOLECULES_CAMS 131 -0.663 -2.076 < 0.001 7.01E-04

KEGG_REGULATION_OF_ACTIN_CYTOSKELETON 213 -0.659 -2.158 < 0.001 6.42E-04

KEGG_GAP_JUNCTION 90 -0.656 -2.052 < 0.001 6.23E-04

KEGG_ENDOCYTOSIS 181 -0.656 -2.084 < 0.001 8.02E-04

KEGG_MELANOGENESIS 101 -0.630 -2.129 < 0.001 4.92E-04

KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION 114 -0.629 -2.097 < 0.001 7.21E-04

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 264 -0.625 -2.119 < 0.001 3.44E-04

KEGG_PATHWAYS_IN_CANCER 325 -0.621 -2.111 < 0.001 4.50E-04

KEGG_MAPK_SIGNALING_PATHWAY 267 -0.602 -2.080 < 0.001 7.48E-04

KEGG_CALCIUM_SIGNALING_PATHWAY 177 -0.582 -2.057 < 0.001 6.60E-04

ES: Enrichment score; NES: Normalized enrichment score; NOM: Nominal; FDR: False discovery rate; KEEG: Kyoto Encyclopedia of Genes and Genomes.

online (Figure 5A) include three main types: Decorin, biglycan, and other ECM components mainly 
involved in collagen production, physiological activities such as cell adhesion, apoptosis, and cellular 
immunity; Toll-like receptor (TLR)1 and TLR2, factors involved in immune response and inflammatory 
response; and integrin/integrin receptors and various protein kinases, which participate in angiogenesis 
and cell adhesion. A similar conclusion was drawn by the GO analysis, KEGG analysis, and the GSEA of 
patients with high VCAN expression (Figures 5C and D, Table 4), which showed that VCAN affects the 
occurrence of HCC mainly through ECM-related signaling pathways and the immune inflammatory 
response.

To explore the role of VCAN in immunoregulation of liver cancer, we analyzed the correlation 
between VCAN expression and tumor immune cell infiltration of TCGA-LIHC (Figures 6A-C), which 
indicated that VCAN plays a role in T-cell regulation in HCC. PD-1 regulates the immune system and 
promotes tolerance by inhibiting T-cell inflammatory activity. Clinical trials of nivolumab, pembrol-
izumab, and atezolizumab (PD-1 inhibitors) have shown they prolong OS of HCC patients and delay 
tumor progression[27-29], and tremelimumab (CTLA-4 inhibitor) has shown similar results[30]. Several 
guidelines recommend ICIs in combination with antiangiogenic agents as first-line therapy for 
advanced HCC[9-11]. The efficacy of ICIs can be predicted by TMB and immune checkpoint gene 
expression levels[31,32]. In our study, differential expression of PD-1 and CTLA-4 in the high and low 
VCAN groups, as well as significantly different TMB, showed that VCAN could be a potential 
biomarker of sensitivity to ICIs in HCC. However, only transcription data of a cohort of HCC patients 
treated with ICIs could directly explain whether VCAN could be a biomarker for the efficacy of such 
immunotherapy.

In addition, CD44 deserves attention when studying the role of VCAN in immunoregulation of liver 
cancer. PPI shows that CD44 is the most likely immune-related protein to interact with VCAN. Both 
VCAN and CD44 are involved in the adhesion and migration of T cells through the ECM, and both of 
their intermediate molecules are hyaluronic acid[33]. The immune cells in the TME of HCC interact with 
effector molecules to alter the immune system and promote or inhibit the growth of HCC[34]. Immuno-
therapy has been listed as a fourth-line treatment after surgery, radiotherapy, and chemotherapy, and 
has been promoted as a first-line treatment for advanced unresectable liver cancer. Immune checkpoints 
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Figure 8 Correlation between VCAN and tumor microenvironment score, tumor mutation burden, or immune checkpoint genes. A: Tumor 
purity of low VCAN group and high VCAN group; B: Stromal score, immune score, and ESTIMATE score of low VCAN group and high VCAN group; C: Significant 
VCAN-related immune checkpoint genes (r > 0.3, P < 0.05); D: Tumor mutation burden of low VCAN group and high VCAN group; E: Correlation between VCAN and 
programmed cell death protein 1/cytotoxic T lymphocyte antigen 4. cP < 0.001. TME: Tumor microenvironment.

block T-cell activation and promote T-cell failure to regulate immune escape in cancer[35]. ICIs have 
been widely used in melanoma, nonsmall cell lung cancer, etc. Immune and inflammatory responses 
play a key role in the development and progression of HCC, so ICIs are supposed to be effective in 
HCC. Several clinical trials of PD-1/CTLA4 inhibitors in HCC are under way, and have proved their 
efficacy[27-29]. VCAN deserves attention due to its potential prediction of sensitivity to PD-1/CTLA4 
inhibitors.

In this study, we found that VCAN was highly expressed in HCC tumor tissues and could possibly 
be a biomarker of prognosis and sensitivity to ICIs in HCC patients. Our study had the following 
limitations: Due to the lack of follow-up for HCC patients, survival data were not available for analysis. 
In addition, we did not extract exosomes from patients’ serum for detection. We will further study the 
effects of the above defects on VCAN and its related genes in HBV-related liver diseases.
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CONCLUSION
We analyzed VCAN expression and corresponding clinical features of patients from the public database 
and our HBV-related patients, and concluded that VCAN may affect the occurrence of liver cancer and 
the prognosis of HCC patients through ECM signaling pathways and inflammatory immune response 
signaling pathways. In addition, VCAN may be a biomarker for sensitivity to ICIs, which needs to be 
verified.

ARTICLE HIGHLIGHTS
Research background
Existing studies have shown that chondroitin sulfate proteoglycan, including VCAN, is a key 
component in the tumor microenvironment and may play an important role in hepatocellular carcinoma 
(HCC).
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The role of VCAN in HCC has not yet been elucidated, especially in hepatitis B virus (HBV)-related 
HCC.
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This study aimed to investigate the expression and potential mechanism of action of VCAN in HCC.

Research methods
We tested VCAN expression in serum of patients with HBV-associated HCC and cirrhosis, and explore 
the underlying mechanism of VCAN in HCC by bioinformatics methods.

Research results
VCAN may be a possible biomarker for the prognosis of HCC. VCAN was associated with HBV e 
antigen in HBV infected patients. VCAN may play a role in HCC through the extracellular matrix 
signaling pathway and inflammatory immune response.

Research conclusions
High VCAN level could be a possible biomarker for the poor prognosis of HCC, and its immunomodu-
latory mechanism in HCC deserves attention.

Research perspectives
Future studies will be conducted to explore the immune mechanism of VCAN in HBV-associated HCC.
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Abstract
BACKGROUND 
The androgen responsive gene, ELL-associated factor 2 (EAF2), expressed in 
benign prostate tissues, has been shown to play an important role in tumor 
suppression in a variety of malignant tumors. In addition, some scholars found 
that EAF2 frameshift mutations are associated with intratumor heterogeneity in 
colorectal cancer (CRC) and inactivation of EAF2 in microsatellite instability-high 
CRC. However, the molecular mechanism by which EAF2 is involved in CRC 
invasion and metastasis remains unclear.

AIM 
To determine the clinical value of expression of EAF2 protein in CRC, and to 
study the effects of EAF2 on the invasion, migration, and angiogenesis of CRC 
cells in vitro.

METHODS 
In this study, we collected colorectal adenocarcinoma and corresponding adjacent 
tissues to investigate the clinical expression of EAF2 protein in patients with 
advanced CRC. Subsequently, we investigated the effect of EAF2 on the invasion, 
migration, and angiogenesis of CRC cells in vitro using plasmid transfection.

RESULTS 
EAF2 protein was lowly expressed in cancer tissues of patients with advanced 
CRC. Kaplan-Meier survival analysis showed that the survival rate of the high 
EAF2 level group was higher than that of the low EAF2 level group.

CONCLUSION 
Our results demonstrated that EAF2, as a tumor suppressor, may inhibit the 
invasion, metastasis, and angiogenesis of CRC cells by regulating the signal 
transducer and activator of transcription 3/transforming growth factor-β1 
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crosstalk pathway, and play a cancer suppressive and protective role in the occurrence and 
development of CRC. Our findings are of great significance to provide a new idea and theoretical 
basis for the targeted diagnosis and treatment of CRC.

Key Words: ELL-associated factor 2; Transforming growth factor-β1; Signal transducer and activator of 
transcription 3; Colorectal cancer; Invasion; Migration; Angiogenesis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Androgen-responsive gene ELL-associated factor 2 (EAF2) plays an important role in tumor 
suppression in a variety of malignant tumors. We found that EAF2 protein was lowly expressed in 
colorectal cancer (CRC) tissues. Kaplan-Meier survival analysis showed that the survival rate of the group 
with high EAF2 level was higher than that of the group with low EAF2 level. Moreover, EAF2 may play a 
tumor suppressive and protective role in CRC by inhibiting the invasion, metastasis, and angiogenesis via 
regulating the signal transducer and activator of transcription 3/transforming growth factor beta 1 crosstalk 
pathway. Our findings are of great significance to provide a new idea and theoretical basis for targeting 
diagnosis and therapy of CRC.

Citation: Feng ML, Wu C, Zhang HJ, Zhou H, Jiao TW, Liu MY, Sun MJ. Overexpression of ELL-associated 
factor 2 suppresses invasion, migration, and angiogenesis in colorectal cancer. World J Gastrointest Oncol 2022; 
14(10): 1949-1967
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/1949.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.1949

INTRODUCTION
Colorectal cancer (CRC) is one of the tumors with high morbidity and mortality in the world. The 
Global Cancer Statistics 2020 revealed that CRC was estimated to be the third most diagnosed malignant 
tumor (10%) and the second leading cause of cancer death (9.4%) worldwide[1]. As an important 
process in the development of CRC, tumor metastasis is a key factor affecting the survival rate of CRC 
patients. Approximately 35% of newly diagnosed CRC patients present metastatic disease, and about 
50% of patients with non-metastatic disease eventually develop metastatic disease[2]. Most regrettably, 
the 5-year survival rate of patients with metastatic CRC is less than 10%[3]. There is a great need to 
elucidate the molecular mechanism of CRC invasion and metastasis, which is beneficial to explore new 
potential molecular markers and the direction of targeted therapy of CRC.

ELL-associated factor 2 (EAF2) was first identified as an androgen-responsive gene expressed by 
luminal epithelial cells in benign prostatic tissue[4,5]. Interestingly, EAF2 has been found to inhibit cell 
proliferation and tumor size in prostate cancer in vivo[6], and corresponding to that, knockdown of 
EAF2 in prostate cancer cells resulted in increased proliferation and migration[7]. In recent years, more 
and more studies have shown that EAF2 plays an important role in tumor suppression in a variety of 
malignant tumors[8]. Furthermore, scholars have identified intratumor heterogeneity (ITH) of EAF2 
frameshift mutations in CRC and the inactivation of EAF2 in microsatellite instability (MSI)-high CRC
[9]. This finding suggests that EAF2 inactivation may occur during tumor progression rather than 
tumorigenesis. Besides, EAF2 gene silencing could modulate the cytotoxic response of colon cancer cell 
line HCT116 to statins[10]. However, studies on the expression and role of EAF2 protein in CRC are still 
lacking. The molecular mechanism of involvement of EAF2 in CRC invasion and metastasis remains 
unclear.

EAF2 has been shown to attenuate transforming growth factor beta 1 (TGF-β1)-induced G1 cell cycle 
arrest and cell migration in a variety of tumor cells, such as renal carcinoma cells, human hepatocellular 
carcinoma cells, and breast cancer cells[11]. It is worth noting that blocking the TGF-β1 signaling 
pathway may be a therapeutic strategy for attenuating tumor metastasis in CRC metastatic models[12]. 
In addition, the signal transducer and activator of transcription 3 (STAT3) pathway is involved in the 
process of TGF-β1-induced epithelial-mesenchymal transition (EMT), and cell migration and invasion in 
malignant tumor[13,14]. As well, EAF2 knockout induced STAT3 phosphorylation (Tyr705) in prostate 
cancer cells, which drove tumor progression in prostate cancer[15]. Therefore, in this study, we invest-
igated the effect of EAF2 on the STAT3/TGF-β1 pathway in CRC cells to explore the possible mecha-
nism of action of EAF2 in CRC.

All tissues in the body need blood vessels to provide nutrients and oxygen to maintain growth and 
function[16], so angiogenesis provides necessary functions in normal growth and biological 
development processes, such as embryonic development, bone formation, and the function of ovaries 
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and other endocrine glands[17]. Not only that, tumor growth and metastasis also require angiogenesis
[18]. Abnormalities in vasculogenesis and spermatogenesis have been found in EAF2 knockout mice
[19]. Besides, EAF2 negatively regulated the activity of angiogenic factor hypoxia inducible factor (HIF)-
1α[20]. Therefore, exploring the regulatory role of EAF2 in CRC angiogenesis may provide a theoretical 
basis for anti-angiogenic treatment. Activation of the JAK2/STAT3 (Tyr705) signaling pathway in CRC 
cells promoted cell proliferation and angiogenesis by positively regulating HIF-1α/vascular endothelial 
growth factor A (VEGFA)[21,22]. Meanwhile, HIF-1α sumoylation may elevate the microvascular 
density and lumen size and promote tumor growth by amplifying TGF-β/Smad signaling in tumor cells
[23,24]. Therefore, we further investigated the role of EAF2 in CRC angiogenesis via the STAT3/TGF-β1 
pathway.

In this study, we aimed to determine the clinical value of expression of EAF2 protein in CRC. 
Furthermore, we studied the effects of EAF2 on the invasion, migration, and angiogenesis of CRC cells 
in vitro. In addition, we preliminarily explored the mechanism by which EAF2 affects the biological 
function and angiogenesis of CRC cells via regulating the STAT3/TGF-β1 pathway. Our findings are of 
great significance to provide a new idea and theoretical basis for the targeted diagnosis and therapy of 
CRC.

MATERIALS AND METHODS
CRC patients and tissue samples
We selected 70 cases of advanced CRC from the First Affiliated Hospital of China Medical University 
(Liaoning, China) between 2012 and 2015. This study was approved by the Institutional Review Board 
of the First Affiliated Hospital of China Medical University (Registration No. 2021-68-2; informed 
consent was waived). Seventy pairs of histological sections of colorectal adenocarcinomas and corres-
ponding paracancerous tissue that had been surgically removed were studied. In addition, another eight 
pairs of fresh cancer and adjacent tissue were selected for western blot assay. None of patients received 
radiotherapy or chemotherapy prior to surgical resection. We defined tumor stages according to the 
American Joint Committee on Cancer/Union for International Cancer Control TNM staging system (8th 
Edition).

Reagents
Recombinant human TGF-β1 (mammalian derived) was bought from PeproTech (100-21) (United 
States). The antibodies used in this study include: Rabbit monoclonal anti-EAF2 (ab237753) (for IHC-P), 
rabbit monoclonal anti-EAF2 [EPR7117(2)] (ab151692) (for western blot) (Abcam, United Kingdom); 
rabbit monoclonal anti-TGF-β1 (56E4) (#3709), rabbit monoclonal anti-phospho-STAT3 (Tyr705) (#9145), 
rabbit monoclonal anti-STAT3 (#30835) (Cell Signaling, Danvers, MA, United States); rabbit polyclonal 
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (FL-335) (Santa Cruz, CA, United States).

Cell culture
CRC cell lines (SW480, RKO, HCT116, HT29, and HIEC) and the human normal colon cell line NCM460 
were purchased from the Cell Bank of the Chinese Academy of Science (Shanghai, China). And these 
cells were cultured in RPMI-1640 medium (Gibco, Grand Island, NY, United States) containing 10% fetal 
bovine serum (FBS) (Gibco) at 37 °C with 5% CO2 in a humidified incubator. Human umbilical vein 
endothelial cells (HUVECs) were also purchased from the Cell Bank of the Chinese Academy of Science 
(Shanghai, China) and cultured in DMEM medium (Gibco) containing 10% FBS at 37 °C with 5% CO2 in 
a humidified incubator.

Cell transfection
The plasmid for overexpressing human EAF2 (GenBank No. NM_018456) was designed and 
synthesized by GeneChem (Shanghai, China). And three plasmid targets for silencing human STAT3 
(GenBank No. NM_139276) were also provided by GeneChem. The sequences are listed in Table 1. The 
cell transfection was performed using the Lipofectamine 2000 Kit (Invitrogen, Carlsbad, CA, United 
States). Cells were plated into six-well plates and transfected with 4.0 μg plasmid DNA. Six hours after 
transfection, cells were treated with medium containing 10% FBS.

Immunohistochemistry
Typical CRC tissues and corresponding paracancer tissues were selected. The sections were dewaxed, 
rehydrated, and heated using a pressure-cooker for antigen retrieval. And then antigenic repair was 
performed with citric acid. Subsequently, the sections were incubated overnight at 4 °C with rabbit 
monoclonal anti-EAF2 antibody (1:200 dilution, ab237753), followed by incubation with the secondary 
antibody for 40 min at 37 °C. Finally, the slides were stained with diaminobenzidine, counter-stained 
with hematoxylin, air-dried, dehydrated, and mounted.
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Table 1 Gene sequences used for transfection

Gene Sequences

1-siRNA 5’-CCGGGCTGACCAACAATCCCAAGAACTCGAGTTCTTGGGATTGTTGGTCAGCTTTTT G-3’

Anti-sense 5’-AATTCAAAAAGCTGACCAACAATCCCAAGAACTCGAGTTCTTGGGATTGTTGGTCAGC-3’

2-siRNA 5’-CCGGGCACAATCTACGAAGAATCAACTCGAGTTGATTCTTCGTAGATTGTGCTTTTTG-3’

Anti-sense 5’-AATTCAAAAAGCACAATCTACGAAGAATCAACTCGAGTTGATTCTTCGTAGATTGTGC-3’

3-siRNA 5’-CCGGGCTGAAATCATCATGGGCTATCTCGAGATAGCCCATGATGATTTCAGCTTTTTG-3’

STAT3-siRNA

Anti-sense 5’-AATTCAAAAAGCTGAAATCATCATGGGCTATCTCGAGATAGCCCATGATGATTTCAGC-3’

STAT3: Signal transducer and activator of transcription 3.

Double blind reading was performed by two experienced pathologists. We calculated the final 
staining score by multiplying the positive expression score by the intensity score. Five high-power fields 
(magnification at 200 ×) were observed on each section. We divided the immunostaining intensity into 
four categories: 0 (negative immunostaining), 1 (weak immunostaining), 2 (moderate immunostaining), 
and 3 (strong immunostaining). And the proportion of positive cells scored from 0 to 4 as follows: (1) 0 
(positive cells < 5%); (2) 1 (positive cells 5% to 25%); (3) 2 (positive cells 26% to 50%); (4) 3 (positive cells 
51% to 75%); and (5) 4 (positive cells > 75%).

Western blot assay
The tissues and cells were lysed in RIPA lysis buffer containing protease inhibitors such as phenyl-
methylsulfonyl fluoride. Protein concentrations were measured with a BCA kit (Beyotime Institute of 
Biotechnology, China). Equal amounts of protein (50 μg per sample) were separated by 10% sodium 
dodecyl sulfate/polyacrylamide gel electrophoresis and then transferred onto polyvinylidene difluoride 
membranes at a 200 mA constant current. Primary antibodies for EAF2 (ab151692), TGF-β1, phospho-
STAT3 (Tyr705), STAT3, and GAPDH were used at a dilution ratio of 1:1000. Then, anti-rabbit immuno-
globulin G secondary antibody (1:5000) was used to incubate the membranes at 37 °C for 2 h. The 
immunoreactive bands were detected with ECL-Plus chemiluminescent detection reagents (Beyotime 
Institute of Biotechnology) and using the Microchemi 4.2 Bio-imaging system. The expression of 
proteins of interest was normalized to that of GAPDH. Experiments were repeated at least three times 
under the same experimental conditions.

Transwell invasion and migration assays
Before invasion assay, Matrigel (BD Biosciences, San Diego, CA, United States) diluted at a ratio of 1:8 
with serum-free medium was used to block the membranes at 37 °C for 6 h. A total of 4 × 104 cells/well 
in 200 μL serum-free medium were seeded in the upper chambers of 8-μM pore transwell plates (3422; 
Corning Incorporated, NY, United States), and 600 μL medium containing 20% FBS was added to the 
lower chambers. For migration assay, 2 × 105 cells/well were seeded into the upper chambers of 8-μM 
pore transwell plates (3422) in 200 μL serum-free medium. The lower chambers were filled with 600 μL 
medium with 10% FBS.

After incubation for 72h, the non-invaded or non-migrated cells on the inner surface of the filter 
membrane were removed by scrubbing with a cotton swab, and the invaded or migrated cells were 
fixed by methanol. Next, the cells were stained with 0.1% crystal violet. The membranes were moved 
from the chambers and fixed on cover slides. Invading or metastasizing cells were counted from five 
random fields under a light microscope (magnification at 200 ×). The experiments were repeated at least 
three times under the same experimental conditions.

Wound healing assay
A total of 2 × 105 cells/well were seeded into 6-well plates. Scratch wounds were generated using a 200 
μL pipette tip when the cells reached 90% confluence. Afterwards, the cells were washed with 
phosphate buffered saline (PBS) three times, and then incubated in medium containing 2% serum. The 
scratch wounds were photographed at 0 h, 6 h, 12 h, 24 h, 48 h, and 72 h in five selected regions. ImageJ 
software (Version 1.46r) was used to measure the wound area (magnification at 40 ×). The experiments 
were repeated at least three times under the same experimental conditions.

Tube formation assay
Before tube formation assay, Matrigel was placed in a 96-well plate at 37 °C for 1 h. And the conditioned 
medium from treated RKO cells was collected and centrifuged at 2000 rpm for 10 min to remove debris. 
HUVECs at 1.0 × 104 cells/well were seeded in a Matrigel coated 96-well plate and cultured in 
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conditioned medium. After 6 h, capillary morphogenesis was evaluated by inverted microscopy 
(magnification at 100 ×). Then, we analyzed the images for evaluating the branch points by means of the 
angiogenesis analyzer that was developed for the Image J software (Version 1.46r).

HUVEC transwell migration assay
For HUVEC migration assay, 1 × 105 HUVECs were plated in the upper chambers of 8-μM pore 
transwell plates (3422) with 200 μL serum-free medium; 600 μL conditioned medium was placed in the 
lower chambers. After 6 h, the cells were fixed with methanol and non-migrated cells were removed 
from the inner surface of the filter membrane. The cells on the lower surface of the membrane were 
stained with 0.1% crystal violet, and the number of migrated cells was counted from five fields 
(magnification at 200 ×) under an optical microscope. The experiments were repeated at least three 
times under the same experimental conditions.

HUVEC scratch assay
For scratch assay, 2 × 105 HUVECs/well were seeded in 6-well plate. When cells reached about 90% 
confluence, a 200 μL tip was used to scratch the cells. The cells were then washed with PBS three times 
and incubated with 2 mL conditioned medium per well. The scratch was photographed at 0 h, 12 h, and 
24 h time points under a microscope in five selected regions (magnification at 40 ×). ImageJ software 
(Version 1.46r) was used to measure the wound area. Experiments were repeated at least three times 
under the same experimental conditions.

Statistical analysis
The results in this study were analyzed with SPSS software (Version 26). Pearson’s chi-squared test was 
adopted to evaluate the correlation between EAF2 protein and clinicopathological parameters. The 
expression differences of EAF2 between paired adenocarcinoma and paracancerous tissues were 
analyzed by Wilcoxon sign rank test. Receiver operating characteristic (ROC) curve was used to 
determine the Youden index to delimit the high and low expression of EAF2 in tissues. The data are 
shown as the mean ± SD. Student’s t test was used for analyzing the differences between two groups, 
while for differences among three or more groups, one-way ANOVA was performed. The Kaplan-Meier 
method was used to estimate the cumulative survival of patients, and the Log-rank test was used to test 
the significance of the differences in survival. Cox proportional hazards regression model was used for 
multivariate analysis to evaluate the independent prognostic effect of EAF2 protein on survival. All the 
statistics were subjected to ANOVA followed by Bonferroni test. Two-sided P values < 0.05 were 
considered statistically significant.

RESULTS
EAF2 protein expression is decreased in advanced CRC tissue
To assess the expression and localization of EAF2 protein in CRC specimens, we examined the 
expression of EAF2 at the protein level in paired adenocarcinoma and paracancerous tissues by 
immunohistochemical analysis and western blot assay. Immunohistochemical analysis showed that 
EAF2 protein was mainly localized in the cytoplasm of colorectal epithelial cells (Figure 1A). The 
median EAF2 score was 6.0 in tumor tissue and 6.8 in adjacent non-tumor tissue, with a median 
difference of -2.0. Moreover, Wilcoxon signed-rank test of paired samples showed that EAF2 expression 
was lower in tumor tissue than in non-tumor tissue (Z = -3.727, P < 0.001). Additionally, we used 
western blot assay to measure the level of EAF2 protein expression in eight matched pairs of fresh 
colorectal adenocarcinoma and corresponding paracancerous tissue. The results also revealed a lower 
level of EAF2 protein expression (P = 0.012) in tumor tissue compared with adjacent non-tumor tissue 
(Figure 1B). According to the Youden index determined by ROC curve, the cut-off value delimiting high 
and low expression of EAF2 (dependent variable is non-cancer) was determined to be 6.2 (P < 0.001). In 
this study, we found low EAF2 expression in 58 of 70 CRC tissues.

We then assessed the relationship between EAF2 protein expression and major clinicopathological 
characteristics. Statistical results showed that the expression of EAF2 protein in CRC tissue was 
negatively correlated with distant metastasis (r = -0.268, P = 0.025) and carcinoembryonic antigen (CEA) 
(r = -0.249, P = 0.038), but not with other clinical characteristics, such as age, sex, primary tumor site, 
tumor size, tumor histological differentiation, degree of differentiation, vasculolymphatic and/or 
perineural invasion, tumor stage, tumor invasion depth, lymph node status, carbohydrate antigen 19-9 
(CA19-9), P53, or CDX2 (Table 2). High expression of CEA, CA19-9, P53, and CDX2 was defined as a 
score of ≥ 3, and their low expression was defined as a score of < 3.

Survival analysis of EAF2 expression in patients with advanced CRC
Kaplan-Meier survival analysis and Log-rank testing for overall survival (OS) showed that the survival 
rate of the group with high EAF2 level was higher than that of the group with low EAF2 level (P = 
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Table 2 Baseline characteristics of patients with advanced colorectal cancer and their correlation with immunohistochemical 
expression of ELL-associated factor 2

EAF2
Clinicopathologic characteristic Cases, n (%)

Low (n = 58) High (n = 12)
P value

Age (yr) 0.831

< 61 (median) 47.14 27 6

≥ 61 52.86 31 6

Gender 0.589

Male 57.14 34 6

Female 42.86 24 6

Tumor site 0.162

Colon 34.29 22 2

Rectum 65.71 36 10

Size of the tumor (cm) 0.726

≤ 4 37.14 21 5

> 4 62.86 37 7

Histological type 0.210

Mucinous 20.00 10 4

Non-mucinous 80.00 48 8

Degree of differentiation 0.318

Well/moderate 62.86 38 6

Poor/mucinous 37.14 20 6

Angiolymphatic and/or perineural invasion 0.113

Absent 45.71 24 8

Present 54.29 34 4

Tumor stage (TNM) 0.240

I-II 42.86 23 7

III-IV 57.14 35 5

Tumor invasion depth 0.682

T2-T3 52.86 30 7

T4 47.14 28 5

Lymph node status 0.210

N0 50.00 27 8

N1-N2 50.00 31 4

Distant metastasis 0.025

Absent 74.29 40 12

Present 25.71 18 0

CEA 0.038

Normal 65.71 35 11

High 34.29 23 1

CA19-9 0.445

Normal 40.00 22 6

High 60.00 36 6
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P53 0.589

Normal 42.86 24 6

High 57.14 34 6

CDX2 0.350

Normal 22.86 12 4

High 77.14 46 8

EAF2: ELL-associated factor 2; TNM: Tumor-node-metastasis; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.

Figure 1 ELL-associated factor 2 protein is decreased in colorectal cancer tissue. A: Representative immunohistochemical staining for ELL-
associated factor 2 (EAF2) in colorectal adenocarcinoma tissue and adjacent tissue (magnification, 200 × and 400 ×); B: western blot showing lower EAF2 level in 
colorectal adenocarcinoma fresh tissue than in corresponding para-cancerous tissue (T, colorectal adenocarcinoma tissue; N, adjacent non-tumor tissue). EAF2: 
ELL-associated factor 2; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

0.026). Figure 2 shows the Kaplan-Meier survival curves of advanced CRC patients with high and low 
EAF2 expression. We used Cox proportional-hazards model to evaluate the effect of EAF2 protein on 
OS in patients with advanced CRC. From univariate analysis, we found that angiolymphatic and/or 
perineural invasion (P = 0.003), tumor stage (P = 0.012), tumor invasion depth (P = 0.011), lymph node 
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Figure 2 Kaplan-Meier survival curves for ELL-associated factor 2 expression in colorectal cancer tissue. The survival rate of the group with 
high ELL-associated factor 2 (EAF2) levels was higher than that of the group with low EAF2 levels. EAF2: ELL-associated factor 2.

status (P = 0.017), distant metastasis (P < 0.001), and EAF2 protein expression level (P = 0.038) were 
significantly correlated with OS (Table 3). The clinicopathological characteristics with P < 0.3 in 
univariate analysis were included in multivariate analysis, and the independent prognostic effect of 
EAF2 protein on OS was assessed by adjusting for confounding factors. However, multivariate analysis 
proved that tumor invasion depth (P = 0.035) and distal metastasis (P < 0.001) were independent 
prognostic factors for OS (Table 3).

Overexpression of EAF2 inhibits invasion and migration of CRC cells
We cultured CRC cells in vitro to determine the expression of EAF2 protein and further investigate its 
effects on the biological function of CRC cells. The expression level of EAF2 protein in human CRC cell 
lines (SW480, RKO, HCT116, HT29, and HIEC) were observably lower than that in normal colorectal 
epithelial cells (NCM460) (Figure 3). There was a considerable decrease (64.11%) in EAF2 protein 
expression in colon cancer RKO cells (P < 0.001) (Figure 3). Thus, we used RKO cells in subsequent 
experiments.

Subsequently, we overexpressed EAF2 protein by plasmid transfection technique to investigate the 
effects of EAF2 overexpression on the invasion and migration of RKO cells. EAF2 overexpression 
significantly increased the protein expression level in RKO cells, which was 2.25-fold higher than that of 
the control group (Figure 4A, P < 0.001). Results of transwell invasion assay showed that EAF2 overex-
pression significantly weakened the invasion ability of RKO cells (Figure 4B, P < 0.001). Analogously, 
cells transfected with EAF2-overexpressing plasmid also showed a poorer migration capacity than the 
control group in the transwell migration assay (Figure 4B, P < 0.001). In addition, as shown in Figure 4C, 
EAF2 overexpression reduced the wound healing ability of RKO cells (P < 0.001).

Overexpression of EAF2 suppresses the activity of STAT3/TGF-β1 crosstalk pathway
In this study, we set out to investigate the molecular mechanism of EAF2 on RKO cells in vitro. 
Phosphorylated STAT3 (Tyr705) and TGF-β1 protein expression levels were significantly increased in 
human CRC cell lines (SW480, RKO, HCT116, HT29, and HIEC) compared with normal colorectal 
epithelial cells (NCM460) (Figure 3). The upregulation of phosphorylated STAT3 protein (Tyr705) (with 
a 1.585-fold increase, P < 0.001) and TGF-β1 protein (with a 2.485-fold increase, P < 0.001) in RKO cells 
was statistically significant.

Compared with control cells, TGF-β1 protein expression level was significantly decreased in RKO 
cells transfected with EAF2-overexpressing plasmid (Figure 5A). Meanwhile, we also found that overex-
pression of EAF2 remarkably decreased phosphorylated STAT3 (Tyr705) levels in RKO cells, but not 
total STAT3 levels (Figure 5A).

And then we knocked down STAT3 gene by transfecting with STAT3 siRNA (Figure 6A). We found 
that inhibition of STAT3 phosphorylation (with a reduction of 60.25%, P < 0.001) resulted in a significant 
decrease in TGF-β1 protein expression (P < 0.001) in RKO cells but not in EAF2 (P = 0.228) (Figure 6B). 
Furthermore, we treated RKO cells with TGF-β1 recombinant protein to clarify the regulatory effect of 
TGF-β1 on EAF2 protein expression and STAT3 phosphorylation. The results revealed that TGF-β1 
recombinant protein reversed the decrease of phosphorylated STAT3 (Tyr705) induced by EAF2 overex-
pression (P < 0.001) (Figure 5A). However, our results showed that TGF-β1 recombinant protein did not 
affect the expression of EAF2 protein (P = 0.099) in RKO cells (Figure 5A).
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Table 3 Univariate and multivariate survival analyses of overall survival for colorectal cancer by Cox regression

Univariate analysis Multivariate analysis
Variable

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

Age (yr) (≥ 61/< 61) 1.203 0.633-2.284 0.573

Gender (female/male) 0.894 0.472-1.695 0.732

Tumor site (colon/rectum) 1.524 0.791-2.935 0.208 0.682 0.288-1.618 0.386

Size of the tumor, cm (> 4/≤ 4) 0.929 0.479-1.799 0.827

Histological type (mucinous/non-mucinous) 1.481 0.619-3.544 0.378

Degree of differentiation (poor/mucinous, well/moderate) 0.863 0.446-1.670 0.661

Angiolymphatic and/or perineural invasion (present/absent) 0.342 0.169-0.693 0.003 0.194 0.036-1.042 0.056

Tumor stage (III-IV/I-II) 0.404 0.200-0.816 0.012 4.199 0.603-29.234 0.147

Tumor invasion depth (T4/T2-T3) 0.426 0.221-0.822 0.011 0.253 0.071-0.908 0.035

Lymph node status (N1-N2/N0) 0.447 0.231-0.867 0.017 3.138 0.766-12.863 0.112

Distant metastasis (present/absent) 0.203 0.105-0.393 < 0.001 0.149 0.056-0.397 < 0.001

EAF2 (low/high) 3.481 1.069-11.341 0.038 2.261 0.653-7.829 0.198

CEA (high/low) 1.092 0.559-2.136 0.796

CA19-9 (high/low) 0.740 0.378-1.446 0.378

P53 (high/low) 0.579 0.295-1.134 0.111 0.697 0.336-1.448 0.333

CDX2 (high/low) 0.694 0.305-1.576 0.383

HR: Hazard ratio; CI: Confidence interval; EAF2: ELL-associated factor 2; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.

Figure 3 Protein levels of ELL-associated factor 2, phosphorylated-signal transducer and activator of transcription 3, and transforming 
growth factor-β1 in colorectal cancer cell lines (SW480, RKO, HCT116, HT29, and HIEC) and normal colorectal epithelial cells (NCM460) 
by western blot assay. A: Western blot results of proteins in in colorectal cancer cell lines (SW480, RKO, HCT116, HT29, and HIEC) and normal colorectal 
epithelial cells (NCM460); B: Relative expression of the proteins. The data are shown as the mean ± SD. aP < 0.05, bP < 0.001. p-STAT3: Phosphorylated-signal 
transducer and activator of transcription 3; TGF-β1: Transforming growth factor-β1; EAF2: ELL-associated factor 2; GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase.

Overexpression of EAF2 inhibits invasion and migration of CRC cells by down-regulating the activity 
of STAT3/TGF-β1 crosstalk pathway
We attempted to further determine whether EAF2 regulates the biological function of CRC cells by 
regulating the activity of STAT3/TGF-β1 crosstalk pathway. We used TGF-β1 recombinant protein to 
treat the RKO cells transfected with EAF2-overexpressing plasmid for 24 h. As a result, the invasiveness 
and metastasis capability of RKO cells weakened by EAF2 overexpression was partially reversed by 
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Figure 4 Overexpression of ELL-associated factor 2 inhibits the invasion and migration of RKO cells. A: Protein levels of ELL-associated factor 2 
(EAF2) in RKO cells transfected with EAF2 overexpression vector by western blot assay; B: Invasion and migration abilities evaluated by transwell assay; C: 
Migration ability analyzed by wound healing assay after 72 h; D: Migration and invasion abilities of RKO cells measured using ImageJ software. The data are shown 
as the mean ± SD. aP < 0.001; bP < 0.05. RKO-C: The group of RKO control cells; EAF2-OV: The group of RKO cells transfected with ELL-associated factor 2 
overexpression vector; EAF2-NC: The group of RKO cells transfected empty vector; EAF2: ELL-associated factor 2; GAPDH: Glyceraldehyde-3-phosphate 
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dehydrogenase.

TGF-β1 recombinant protein (Figures 5B and 5C).

Overexpression of EAF2 inhibits CRC angiogenesis
In this study, we preliminarily investigated the effects of RKO cells overexpressing EAF2 on the 
migration and tube formation abilities of HUVECs. First, HUVECs were cultured with DMEM medium 
containing 10% serum[25]. After 2-6 passages of cells, HUVECs were subcultured into corresponding 
petri dishes. We then treated HUVECs with conditioned medium from RKO cells transfected with 
EAF2-overexpressed plasmid (EAF2-OV group) or empty control plasmid (EAF2-NC group) for 24 h. 
Compared with the control group (RKO-C group), whose conditioned medium was collected from RKO 
cells cultured with 10% serum for 24 h, the tube formation (Figure 7A) and migration (Figures 7B and 
7C) of HUVECs in the EAF2-OV group were significantly reduced, while the differences in the EAF2-
NC group were not statistically significant. Our results indicated that overexpression of EAF2 protein 
may inhibit angiogenesis induced by CRC cells in vitro.

Overexpression of EAF2 regulates CRC angiogenesis via STAT3/TGF-β1 signaling pathway
STAT3-related pathway and non-specific angiogenic factor TGF-β1 play a proangiogenic role in tumor 
angiogenesis. Our study showed that overexpression of EAF2 inhibits the activity of the STAT3/TGF-β1 
crosstalk pathway in RKO cells. Hence, we next investigated whether EAF2 inhibits CRC angiogenesis 
through the STAT3/TGF-β1 signaling pathway. We used TGF-β1 recombinant protein to treat RKO cells 
transfected with or without EAF2-overexpressing plasmid for 24 h, and collected conditioned medium 
to culture HUVECs. We aimed to investigate whether TGF-β1-related pathways are involved in the 
molecular mechanism of EAF2 overexpression regulating angiogenesis in RKO cells in vitro. Compared 
with the RKO-C group, the tube formation (Figure 8A) and migration (Figures 8B and 8C) of HUVECs 
in the EAF2-OV group were significantly decreased. Interestingly, when HUVECs were cultured with 
conditioned medium from EAF2-overexpressing RKO cells treated with TGF-β1 recombinant protein, 
the inhibition of EAF2 overexpression on tube formation (Figure 8A) and migration (Figures 8B and 8C) 
of HUVECs was reversed. Together, these data confirmed our hypothesis that EAF2 overexpression 
inhibits CRC angiogenesis by suppressing the activity of the STAT3/TGF-β1 crosstalk pathway in vitro.

DISCUSSION
Previous studies have supported the role of EAF2 as a tumor suppressor in multiple human tissues[6]. 
EAF2 knockout mice developed a higher frequency of B-cell lymphoma, lung adenocarcinoma, hepato-
cellular carcinoma, and prostatic intraepithelial neoplasia[6]. EAF2 and its homologue EAF1 were 
originally identified as binding partners of the fusion protein ELL (11-19 lysine-rich leukemia) 
associated with myeloid leukemia[26,27], stimulating the extension activity of ELL. However, EAF2 
mutations produce truncated EAF2 mutants, which may be associated with the pathogenesis of MSI-
high cancers[9]. Recently, further studies have found ITH in EAF2 frameshift mutations in CRC and the 
inactivation of EAF2 in MSI-high CRC[9], suggesting that EAF2 mutations may occur during tumor 
progression rather than during tumorigenesis. However, the expression, role, and molecular mechanism 
of EAF2 protein in CRC remain unclear.

This study collected colorectal adenocarcinoma and paired adjacent tissues to investigate the clinical 
expression of EAF2 protein in patients with advanced CRC. Compared with non-tumor tissue, the 
results of immunohistochemistry and western blot assay showed that the level of EAF2 protein in CRC 
tissue was significantly lower. And immunohistochemical results indicated that EAF2 protein was 
mainly expressed in the cytoplasm. Meanwhile, in vitro experiments also confirmed that EAF2 
expression level in CRC cells was lower than that in normal colorectal epithelial cells. Further analysis of 
the correlation between EAF2 expression level and clinicopathological characteristics revealed that 
EAF2 protein level was negatively correlated with distant metastasis and CEA expression level in CRC 
tissues. These results suggest that EAF2 protein may be related to the invasion and metastasis of CRC. 
However, further studies are needed to determine the mechanism of decreased EAF2 protein expression 
in CRC.

Besides, Kaplan-Meier survival analysis showed that the survival rate of the group with high EAF2 
levels was higher than that of the group with low EAF2 levels. Although multivariate analysis did not 
suggest that EAF2 expression level was an independent survival prognostic marker in patients with 
advanced CRC, univariate analysis suggested that it was an influential factor of survival and prognosis 
in patients with advanced CRC. However, more cases and more comprehensive clinical studies are 
needed to further explore this question.
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Figure 5 Overexpression of ELL-associated factor 2 suppresses the activity of the signal transducer and activator of transcription 
3/transforming growth factor-β1 pathway to inhibit the invasion and migration of RKO cells. A: Overexpression of ELL-associated factor 2 (EAF2) 
inhibited the signal transducer and activator of transcription 3/transforming growth factor-β1 (STAT3/TGF-β1) pathway measured by western blot assay. And TGF-β1 
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recombinant protein abolished EAF2 overexpression-reduced the phosphorylation (Tyr705) of STAT3 protein; B: Invasion and migration abilities evaluated by 
transwelll assay; C: Migration ability analyzed by wound healing assay after 72 h; D: Migration and invasion abilities of RKO cells measured using ImageJ software. 
The data are shown as the mean ± SD. aP < 0.05, bP < 0.001. RKO-C: The group of RKO control cells; EAF2-OV: The group of RKO cells transfected with ELL-
associated factor 2 overexpression vector; RKO + T: The group of RKO cells treated with 5 ng/mL transforming growth factor-β1 recombinant protein for 24 h; EAF2-
OV + T: The group of RKO cells were transfected with EAF2-OV plasmid for 24 h and then cultured with 5 ng/mL transforming growth factor-β1 recombinant protein for 
24 h; p-STAT3: Phosphorylated-signal transducer and activator of transcription 3; TGF-β1: Transforming growth factor-β1; EAF2: ELL-associated factor 2; GAPDH: 
Glyceraldehyde-3-phosphate dehydrogenase.

Figure 6 Silencing signal transducer and activator of transcription 3 decreases transforming growth factor-β1 protein expression in RKO 
cells. A: Protein levels of phosphorylated-signal transducer and activator of transcription 3 (p-STAT3) in RKO cells transfected with STAT3 siRNA plasmid by 
western blot assay; B: Knockdown of STAT3 decreased the levels of transforming growth factor-β1 protein but not ELL-associated factor 2 protein in RKO cells. The 
data are shown as the mean ± SD. aP < 0.01. RKO-C: The group of RKO control cells; STAT3-si: The group of RKO cells transfected with signal transducer and 
activator of transcription 3 siRNA plasmid. STAT3-NC: The group of RKO cells transfected empty vector; p-STAT3: Phosphorylated-signal transducer and activator of 
transcription 3; TGF-β1: Transforming growth factor-β1; EAF2: ELL-associated factor 2; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

In addition, phospho-STAT3 (Tyr705) and TGF-β1 protein were highly expressed in CRC cells in this 
study. Studies have shown that TGF-β1 is highly expressed in CRC tissue, and overexpression of TGF-β1 
facilitates the invasion and migration of CRC cells in vitro[28]. Furthermore, blocking the TGF-β1 
signaling pathway in CRC metastatic models may serve as a therapeutic strategy to weaken tumor 
metastasis in vivo[20]. Importantly, STAT3 acts as a positive regulator to activate TGF-β1 to induce 
tumor EMT and metastasis[14]. Meanwhile, STAT3 is one of the major oncogenic pathways activated in 
CRC, and its activation can be detected in CRC tissue, primary CRC cells, or CRC cell lines[29-31].

Further studies have revealed that EAF2 attenuates TGF-β1-induced G1 cell cycle arrest and cell 
migration, which has been demonstrated in renal carcinoma cells, human hepatocellular carcinoma 
cells, and breast cancer cells[11]. Besides, phospho-STAT3 (Tyr705) immunostaining is correlated with 
down-regulation of EAF2 in human prostate cancer specimens[15]. EAF2 knockout induces STAT3 
phosphorylation (Tyr705) in vivo and in vitro, suggesting that EAF2 is a repressor of the STAT3 signaling 
pathway[15]. In our study, we found that overexpression of EAF2 decreased the levels of 
phosphorylated STAT3 (Tyr705) and TGF-β1 protein in CRC cells. In addition to this, we also found that 
silencing STAT3 reduced TGF-β1 protein expression. More than that, TGF-β1 recombinant protein 
eliminated the reduction of phosphorylated STAT3 (Tyr705) induced by EAF2 overexpression. 
Together, these results indicate that EAF2 overexpression may inhibit the activity of STAT3/TGF-β1 
crosstalk pathway in CRC cells.

We found that EAF2 overexpression restrains the invasion and metastasis of CRC cells. It makes 
sense to further explore the role of EAF2 in regulating the activity of the STAT3/TGF-β1 crosstalk 
pathway in CRC cell invasion and metastasis. The results revealed that the invasiveness and metastasis 
capability of CRC cells weakened by EAF2 overexpression could be partially reversed by TGF-β1 
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Figure 7 Overexpression of ELL-associated factor 2 in RKO cells inhibits tumor-induced angiogenesis. A: Conditioned medium from RKO cells 
transfected with ELL-associated factor 2-overexpressed plasmids or empty control plasmids was collected to perform tube formation assay; B: Migration ability of 
human umbilical vein endothelial cells (HUVECs) analyzed by transwell migration assay; C: Migration ability of HUVECs analyzed by wound healing assay. And the 
results were measured with ImageJ software. The data are shown as the mean ± SD. aP < 0.001. HUVECs: Human Umbilical Vein Endothelial Cells; RKO-C: The 
group of Human Umbilical Vein Endothelial Cells cultured with conditioned medium from RKO cells cultured with 10% serum for 24 h; EAF2-OV: The group of human 
umbilical vein endothelial cells cultured with conditioned medium from RKO cells transfected with ELL-associated factor 2-overexpressed plasmids for 24 h; EAF2-NC: 
The group of human umbilical vein endothelial cells cultured with conditioned medium from RKO cells transfected with empty control plasmids for 24 h.

protein. Therefore, it was concluded that EAF2 overexpression inhibited the invasion and migration of 
CRC cells by down-regulating the activity of the STAT3/TGF-β1 crosstalk pathway. It is possible that 
therapeutic drugs targeting the STAT3/TGF-β1 signaling pathway may be effective for CRC subsets 
with down-regulated EAF2, elevated STAT3 phosphorylation, and up-regulated TGF-β1.

Tumor angiogenesis is critical not only for tumor growth, but also for tumor progression and 
metastasis[32]. Tumor angiogenesis is regulated by multiple angiogenic factors and angiogenic 
inhibitors[21]. The activation of the STAT3 pathway contributes to angiogenesis by increasing the 
expression of angiogenic factors, such as VEGFA, interleukin (IL)-8, HIF-1α, or IL-6[33]. The non-specific 
angiogenic factor TGF-β1 plays a proangiogenic role in CRC angiogenesis[34]. TGF-β1 signaling 
inactivation caused by dnTGFBR1 in tumor cells can reduce microvessel density and lumen sizes, and 
decrease tumor growth[35]. In keloid tissues, sumoylation of HIF-1α may increase the stability and an 
amplified effect on TGF-β/SMAD signaling[23]. Matrigel plug angiogenesis assay showed that EAF2 
knockout mice responded to VEGF with significantly enhanced neovascularization[19]. And EAF2 is a 
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Figure 8 Overexpression of ELL-associated factor 2 inhibited tumor-induced angiogenesis in RKO cells via the signal transducer and 
activator of transcription 3/transforming growth factor beta 1 pathway. A: Conditioned medium from RKO cells transfected with ELL-associated factor 2-
overexpressed plasmids or treated with transforming growth factor beta 1 recombinant protein was collected to perform tube formation assay; B: Migration ability of 
human umbilical vein endothelial cells (HUVECs) analyzed by transwell migration assay; C: Migration ability of HUVECs analyzed by wound healing assay. And the 
results were measured with ImageJ software. The data are shown as the mean ± SD. aP < 0.05, bP < 0.001. RKO-C: The group of human umbilical vein endothelial 
cells cultured with conditioned medium from RKO cells cultured with 10% serum for 24 h; EAF2-OV: The group of human umbilical vein endothelial cells cultured with 
conditioned medium from RKO cells transfected with ELL-associated factor 2-overexpressed plasmids for 24 h; RKO + T: The group of human umbilical vein 
endothelial cells cultured with conditioned medium from RKO cells treated with 5 ng/mL transforming growth factor-β1 pathway recombinant protein for 24 h; EAF2-OV 
+ T: The group of human umbilical vein endothelial cells cultured with conditioned medium from RKO cells which were transfected with EAF-OV plasmid for 24 h and 
then cultured with 5 ng/mL transforming growth factor beta 1 pathway recombinant protein for 24 h.

negative regulator of HIF-1α activity[20]. EAF2 binds to and stabilizes von Hippel-Lindau protein and 
then disrupts the HIF-1α-mediated hypoxia signaling pathway[19,36]. Abnormal vasculogenesis 
occurred in EAF2 knockout mice[19]. We hypothesized that EAF2 may regulate CRC angiogenesis 
through the STAT3/TGF-β1 pathway. HUVECs were used in this study for evaluating the impact of 
RKO cells on angiogenesis. Besides, endothelial progenitor cells are also a good endothelial model for 
studying tumor-induced angiogenesis[37].

In this study, our results show that EAF2-overexpressing CRC cells can inhibit tube formation and 
migration of HUVECs. Besides, the inhibition of EAF2 overexpression on tube formation and migration 
of HUVECs may be reversed by TGF-β1 recombinant protein. This suggests that EAF2 overexpression 
inhibited CRC angiogenesis by suppressing the activity of the STAT3/TGF-β1 crosstalk pathway. 
However, this study still has some limitations, and lacks further studies on vascular regulatory factors 
released by vascular endothelial cells and changes in tumor microenvironment mediated by EAF2 and 
its downstream STAT3/TGF-β1 crosstalk pathway.
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Figure 9 Schematic depiction of ELL-associated factor 2 regulating the signal transducer and activator of transcription 3/transforming 
growth factor beta 1 crosstalk pathway in this study. EAF2: ELL-associated factor 2; p-STAT3: Phosphorylated-signal transducer and activator of 
transcription 3; TGF-β1: Transforming growth factor beta 1; CRC: Colorectal cancer; HUVECs: Human umbilical vein endothelial cells.

CONCLUSION
In conclusion, our findings suggest that EAF2 protein is under-expressed in cancer tissue of patients 
with advanced CRC. And Kaplan-Meier survival analysis showed that the survival rate of the group 
with high EAF2 levels was higher than that of the group with low EAF2 levels. Moreover, as a tumor 
suppressor, EAF2 may play a tumor suppressive and protective role in the development of CRC by 
inhibiting the invasion, metastasis, and angiogenesis of CRC cells. The regulatory effect of EAF2 on the 
biological functions of CRC cells may be realized by regulating the STAT3/TGF-β1 crosstalk pathway 
(Figure 9). Further research on methods and technologies to increase EAF2 in CRC will be one of the 
future research directions, and exploration of upstream factors such as related non-coding RNAs may 
provide new diagnostic markers and novel therapeutic targets for CRC.

ARTICLE HIGHLIGHTS
Research background
There are few studies on the expression and role of ELL-associated factor 2 (EAF2) protein in colorectal 
cancer (CRC). The molecular mechanism of involvement of EAF2 in CRC invasion and metastasis 
remains unclear.

Research motivation
EAF2 may play a tumor suppressive and protective role in the development of CRC by inhibiting the 
invasion, metastasis, and angiogenesis of CRC cells.

Research objectives
We assessed the expression and localization of EAF2 protein in CRC specimens. Meanwhile, we 
cultured CRC cells in vitro to determine the expression of EAF2 protein and further investigate its effects 
on the biological function of CRC cells.

Research methods
We used immunohistochemistry and western blot assay to detect the expression of EAF2 protein in CRC 
tissues from 70 patients. In addition, we applied plasmid transfection technology to study the effects of 
EAF2 on the invasion, migration, and angiogenesis of CRC cells in vitro.

Research results
EAF2 protein was lowly expressed in cancer tissues of patients with advanced CRC. Kaplan-Meier 
survival analysis showed that the survival rate of the group with high EAF2 level was higher than that 
of the group with low EAF2 level. In addition, EAF2 affected the biological functions of CRC cells by 
regulating the STAT3/TGF-β1 crosstalk pathway.
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Research conclusions
As a tumor suppressor, EAF2 may play a tumor suppressive and protective role in the development of 
CRC by inhibiting the invasion, metastasis, and angiogenesis of CRC cells via regulating the signal 
transducer and activator of transcription 3/transforming growth factor beta 1 crosstalk pathway. These 
findings may provide new diagnostic markers and novel therapeutic targets for CRC.

Research perspectives
Our data is beneficial to elucidate the molecular mechanism of CRC invasion and metastasis as well as 
explore new potential molecular markers and the direction of targeted therapy.
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Abstract
BACKGROUND 
Interleukin (IL)-34 is a pro-inflammatory cytokine involved in tumor 
development. The role of IL-34 in the proliferation and epithelial-mesenchymal 
transition (EMT) of gastric cancer (GC) remains to be investigated.

AIM 
To investigate whether and how IL-34 affects the proliferation of GC cells and 
EMT.

METHODS 
Using immunohistochemical staining, the expression of IL-34 protein was 
detected in 60 paired GC and normal paracancerous tissues and the relationship 
between IL-34 and clinicopathological factors was analyzed. The expression of IL-
34 mRNA and protein in normal gastric epithelial cell lines and GC was detected 
using quantitative real-time polymerase chain reaction (qRT-PCR) and western 
blotting, respectively. Stable IL-34 knockdown and overexpression in AGS cell 
lines were established by lentiviral infection and validated by qRT-PCR and 
western blotting. The cholecystokinin-8 assay, clone formation assay, cell scratch 
assay, and transwell system were used to detect GC cell proliferation, clone 
formation, migration, and invasion capacity, respectively. The effects of IL-34 on 
the growth of GC transplant tumors were assessed using a subcutaneous 
transplant tumor assay in nude mice. The effects of IL-34 on the expression level 
of EMT-associated proteins in AGS cells were examined by western blotting.

RESULTS 

https://www.f6publishing.com
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Expression of IL-34 protein and mRNA was higher in GC cell lines than in GES-1 cells. Compared 
to matched normal paraneoplastic tissues, the expression of IL-34 protein was higher in 60 GC 
tissues, which was correlated with tumor size, T-stage, N-stage, tumor, node and metastasis stage, 
and degree of differentiation. Knockdown of IL-34 expression inhibited the proliferation, clone 
formation, migration, and invasion of AGS cells, while overexpression of IL-34 promoted cell 
proliferation, clone formation, migration, and invasion. Furthermore, the reduction of IL-34 
promoted the expression of E-cadherin in AGS cells but inhibited the expression of vimentin and 
N-cadherin. Overexpression of IL-34 inhibited E-cadherin expression but promoted expression of 
vimentin and N-cadherin in AGS cells. Overexpression of IL-34 promoted the growth of 
subcutaneous transplanted tumors in nude mice.

CONCLUSION 
IL-34 expression is increased in GC tissues and cell lines compared to normal gastric tissues or cell 
lines. In GC cells, IL-34 promoted proliferation, clone formation, migration, and invasion by 
regulating EMT-related protein expression cells. Interference with IL-34 may represent a novel 
strategy for diagnosis and targeted therapy of GC.

Key Words: Gastric cancer; Interleukin-34; Proliferation; Epithelial-mesenchymal transition; Metastasis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study provides novel evidence that interleukin (IL)-34 contribute the growth and metastasis 
of gastric cancer (GC). IL-34 is up-regulated in GC cell lines and tissues, which is correlated with tumor 
size, grade of differentiation and tumor, node and metastasis stage. IL-34 enhances the ability of prolif-
eration, clone formation, migration and invasion of GC cells and regulates the expression levels of 
epithelial-mesenchymal transition-associated proteins, suggesting that IL-34 may be an effective target for 
the therapy of GC.

Citation: 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(10): 1968-1980
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/1968.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.1968

INTRODUCTION
Gastric cancer (GC) is one of the most aggressive cancers, with approximately 1 million new cases 
diagnosed worldwide in 2020 and an estimated 769000 deaths, ranking fifth in incidence and fourth in 
mortality globally[1]. Rates are two-fold higher in men than in women[1]. East Asia, including China, 
Japan, and Korea, is the hotspot of incidence and mortality of GC[2]. In Japan and Korea, screening 
programs have led to substantial reductions in GC-associated mortality[2]. However, in China, due to 
the lack of extensive initial screening for early GC, most patients present with advanced GC[3]. Radial 
surgery is the main modality for the treatment of locally progressive GC, and the combination of 
chemotherapy and targeted therapy can improve the prognosis. During 2007-2021, the 5-year relative 
survival rate of patients with GC continued to increase[4]. The overall 5-year age-standardized relative 
survival rates in 2007-2011, 2012-2016, and 2017-2021 were 38.3%, 40.6%, and 42.9%, respectively[4]. 
However, the overall relative survival of patients with GC remains low[4]. In particular, the survival 
rate of patients with distant-stage GC remains very low (10%)[4]. Targeted therapy alone or in 
combination with chemotherapy has shown potential advantages in the treatment of advanced GC[5]. 
Trastuzumab is a targeted therapy that effectively improves the prognosis of HER2-positive patients 
with GC; however, less than 20% of patients with GC are HER2-positive, which means that the 
remaining 80% of patients with GC do not benefit from the drug[1]. Therefore, identifying more 
effective targets will provide new ideas for targeted therapy for GC.

Epithelial-mesenchymal transition (EMT) refers to the biological process in which epithelial cells are 
transformed into cells with mesenchymal properties through a complex series of mechanisms in 
response to relevant factors[6-8]. In cancer, EMT is associated with tumorigenesis, invasion, metastasis, 
and resistance to therapy. Different states of EMT exhibit different functional characteristics in cancer 
and are associated with tumor proliferation, propagation, plasticity, invasion, and metastasis[9]. 
Exosomes have been proposed as a therapeutic tool to control the development of EMT and influence 
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the progression of cancer[10]. In addition, Pinin induces EMT and malignant progression in hepato-
cellular carcinoma[11]. Furthermore, Wu et al[12] found that interleukin (IL)-6 secreted by cancer-
associated fibroblasts promotes EMT and GC metastasis through the JAK2/STAT3 signaling pathway, 
Li et al[13] reported that tumor-associated neutrophils induce EMT by IL-17a to promote migration and 
invasion in GC cells, and Tian et al[14] reported that SERPINH1 regulates EMT and GC metastasis 
through the Wnt/β-catenin signaling pathway. Clarifying the regulatory mechanism of EMT in the 
development of GC is of great practical importance in attempting to understand the occurrence and 
metastasis of GC.

IL-34 is a new cytokine discovered in 2008 that binds to its functional receptor and plays a role in the 
regulation of cell differentiation, proliferation, angiogenesis, inflammation, and the immune response
[15-17]. IL-34 has been found to play a pro-cancer role in a variety of tumors, including thyroid, 
colorectal, and liver cancers[18-20]. In particular, Zhang et al[18] found that IL-34 promotes tumor prolif-
eration and activates the ERK signaling pathway in papillary thyroid cancer cells. However, it remains 
unclear whether IL-34 regulates GC cell migration and invasion. Furthermore, it is also unknown 
whether IL-34 can regulate GC proliferation in vitro and in vivo. This study aimed to elucidate the 
relationship between IL-34 and the clinicopathological characteristics of patients with GC and the role of 
IL-34 in the proliferation and the EMT of GC cells.

MATERIALS AND METHODS
Patients and samples
A total of 60 patients diagnosed with GC (age >18 years) were collected from patients who underwent 
surgical resection at The First Affiliated Hospital of Anhui Medical University from November 2019 to 
June 2020. Patients with a history of preoperative radiotherapy, long-term drug treatment, inflam-
matory diseases, rheumatic immune diseases, and genetic-related diseases were excluded. Information 
collected included sex, age, tumor diameter, T-stage, N-stage, M-stage, tumor, node and metastasis 
(TNM) stage, and grade (well, moderate, and poor). All tumors were staged according to the Eighth 
Edition of American Joint Committee on Cancer TNM classification. All procedures performed in 
studies with human participants were reviewed and approved by the Ethics Committee of The First 
Affiliated Hospital of Anhui Medical University and were carried out in accordance with the 
Declaration of Helsinki of 1964 and its subsequent amendments or comparable ethical standards. 
Written informed consent was obtained from all individual participants included in the study. Approval 
for the ethical use of clinical samples was obtained from the Institutional Review Board (No: Quick-
PJ2019-09-11).

Immunohistochemical staining 
Tumor tissues collected from patients with GC were fixed in 4.0% paraformaldehyde, embedded in 
paraffin, and sliced into 4-μm sections. The sections were incubated with 3.0% hydrogen peroxide to 
inactivate endogenous peroxidase and then blocked in 5.0% bovine serum albumin after antigen 
retrieval. After blocking, sections were incubated with anti-IL-34 monoclonal antibody (863800; ZEN-
BIOSCIENCE; 1:150) overnight at 4°C, followed by secondary antibody (ab150077; Abcam; 1:500). 
Sections were visualized with a diaminobenzidine solution and hematoxylin counterstain. Images were 
acquired with a microscope (Nikon Eclipse E200). Two pathologists blinded to clinical data 
independently scored tissue staining. The percentage of staining was evaluated and scored as follows: 0, 
< 1% staining; 1, 1%-25% staining; 2, 26%-50% staining; 3, 51%-75% staining; and 4, > 75% staining. The 
intensity of staining was defined as follows: 0, no signal; 1, weak; 2, moderate; and 3, strong. Scoring 
formula = percentage of positive tumor cell score × positive cell staining score. A total score of < 5 was 
considered negative and > 6 was considered positive.

RNA isolation and quantitative real-time polymerase chain reaction
Total RNA was isolated from tissues and cells with the TRIzol reagent (Thermo Fisher). Reverse 
transcription was achieved using Vazyme Biotech kits. The cDNA amplification was then performed 
using SYBR Premix Ex Taq (Vazyme Biotech) using a Roche 480 light cycler. PCR was carried out for 40 
cycles according to the following procedure: 95°C for 60 s, and 60°C for 30 s. Relative mRNA expression 
of target genes were calculated using the 2−ΔΔCt method after normalization with GAPDH expression. 
Primer sequences were as follows: IL-34, 5’-TTGACGCAGAATGAGGAGTG-3’(forward); 5’-
CCCTCGTAAGGCACACTG AT-3’(reverse); GAPDH,5’-CAGGAGGCATTGCTGATGAT-3’(forward); 
5’-GAAGG CTGGGGCTCATTT-3’(reverse).

Western blotting
Protein was obtained by lysis of tissues or cells using RIPA buffer containing protease inhibitors 
(Thermo Fisher), and protein concentration was quantified using the BCA Protein Assay kit (Beyotime 
Biotechnology). Protein was separated by SDS-PAGE and transferred to a polyvinylidene fluoride 
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membrane according to standard protocols and then blocked with 5% skim milk in TBST for 1 h. The 
membranes were incubated overnight at 4°C with the following antibodies: anti-E-cadherin (1:5000, 
Abcam), anti-N-cadherin (1:5000, Abcam), anti-Vimentin (1:5000, Abcam), anti-GAPDH (1:5000, 
Abcam), anti-Vimentin (1:5000, Abcam), anti-GAPDH (1:5000, Abcam), anti-IL-34 (1:1000, ZEN-
BIOSCIENCE) and then incubated with horseradish peroxidase conjugated secondary antibodies 
(1:2000, Proteintech Group) at room temperature for 1 h after washing 3 times using TBST. The relative 
band density was determined with the ECL Western Blotting Substrate Kit (EMD Millipore) using 
Tanon 5200 Multifunctional Imaging System (Shanghai, China). GAPDH was used as an internal 
control.

Cell culture and transfection
The human normal gastric mucosal epithelial cell line (GES-1) and human GC cell lines (AGS, MKN-45 
and HGC-27) were provided by Prof. Aman Xu (The First Affiliated Hospital of Anhui Medical 
University). Cells were grown in RPMI 1640 medium supplemented with 10% FBS (BI), 100 U/mL 
penicillin (Gibco). The cells were kept in a humidified incubator at 37°C with a mixture of 95% air and 
5% CO2.

The short hairpin RNA (shRNA) and IL-34 overexpression plasmid sequences were synthesized by 
the Public Protein/Plasmid Library. The shRNA sequences were as follows: shRNA-IL-34, 5’-CAGAGC-
CCTCATTGCAGTATG-3’ and Negative control, 5’-GTTCTCCGAACGTGTCACGTT-3’. The IL-34 
overexpression plasmid is a lentiviral expression vector for human IL-34 with an inserted sequence size 
of 729 bp and no fused CopGFP protein at its C-terminus. Target plasmids with IL-34, shRNA-IL-34, or 
shRNA control were transfected into AGS cells using lentivirus and selected by adding puromycin after 
48 h, then viable cells were diluted to 50 cells/mL and inoculated into 96-well plates, respectively, and 
continued to be screened with drugs until satisfactory monoclonal cell lines were selected.

Cell proliferation and clone formation assay
For the cholecystokinin (CCK) assay, cells were seeded in 96-well culture plates at about 3000 cells per 
well. At 0, 24, 48, 72, and 96 h, CCK-8 agent was added to each well and cells were treated for 2 h. 
Absorbance values at 450 nm were measured using an enzyme labeler (USCN KIT INC, China). For the 
clone formation assay, cells were seeded in six-well plates at 400 cells per well and then cultured for 2 
wk. Cells were fixed and stained for 30 min in a 35% methanol solution with 1% crystal violet, and then 
the number of stained cells was counted.

Cell migration and invasion assays
The cells were seeded in six-well plates (2 × 104/well). A scratch was made through the cell layer along 
the central axis using a sterile plastic tip after complete cell attachment. After scratching, the cells were 
washed 3 times with PBS to remove floating cells and to make the scratch visible, and then the medium 
was replaced with fresh medium to continue the culture. The scratch was photographed at 0 h and 24 h. 
The photos were imported into Image J software and the cell closure was calculated according to the 
software instructions.

The cell invasion assay was performed using Transwell chambers with a pore size of 8 µm. A 200 μL 
cell suspension (2 × 103/L) was added to the upper chamber with Matrigel and placed in a 24-well plate 
containing 700 μL medium with 10% FBS. After 24 h of incubation at 37°C and 5% CO2, cells that 
invaded toward the lower surface of the membrane were fixed with 4% paraformaldehyde, stained with 
0.1% crystal violet, and counted.

Animal experiments
All applicable national and institutional guidelines for the care and use of animals were followed. The 
ethics approval for the animal protocols for this study was obtained by the Animal Research Committee 
of Anhui Medical University (No. SC20200513). Ten 4-wk-old female nude mice purchased from 
Shanghai SLAC Laboratory Animal Co., Ltd were randomly divided into two groups (experimental and 
control groups), five in each group. Pre-cultured AGS cells (overexpression group and control group) in 
good growth condition were digested separately using trypsin, centrifuged, and a cell suspension (1 × 
106 cells) was injected into the inguinal region of mice. The mice in both groups were maintained in the 
same feeding environment and nutritional conditions. The animals were sacrificed at the end of the 
experiments for an observation period of 28 d. Tumor weights were recorded per mouse and tumor 
volumes were calculated using the modified formula of (length × width2)/2.

Statistical analyses
SPSS statistical software (version 22.0) statistical software was used for statistical analysis and GraphPad 
Prism (version 8.0.2) was used for graphing. Measurement data were first examined using the 
Kolmogorov-Smirnov test to check whether the measurement data of each group had a normal distri-
bution. Results are expressed as the mean ± SE for measurement data with a normal distribution. 
Comparisons between two groups were performed using the two-tailed Student’s t test. One-way 
analysis of variance was used for multiple group comparisons, and the LSD-t test was used for pairwise 
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comparisons. All results are from three independent replicate experiments. P values < 0.05 were used to 
indicate statistically significant differences.

RESULTS
IL-34 expression increased in GC tissues and cell lines
The results of immunohistochemical staining showed that IL-34 expression increased in GC tissues 
compared to paired normal gastric tissues (Figure 1A and B, P < 0.01). Meanwhile, as shown in 
Figure 1C-E, the expression of IL-34 mRNA and protein in GC cell lines (AGS, HGC-27, and MKN-45) 
were higher than in normal gastric mucosal cells GES-1 (P < 0.01). Furthermore, the relationship 
between IL-34 and clinicopathological characteristics was also analyzed, and the results showed that 
tumor size in GC patients with higher expression of IL-34 was greater than with lower expression of IL-
34 (P < 0.05, Table 1). Furthermore, IL-34 expression correlated with the depth of invasion, the degree of 
differentiation, lymph node metastasis, and the TNM stage of GC patients, but not with age, sex, or 
distant metastasis (P > 0.05, Table 1). Altogether, these findings suggested that IL-34 might function as 
an oncogene in the development of GC.

IL-34 accelerated the formation and proliferation of clones of GC cells 
AGS cell lines with stable knockdown or overexpression of IL-34 were successfully obtained by 
introducing plasmids containing shRNA-IL-34 or the cds fragment (coding sequence) of the IL-34 gene 
into AGS cells by lentiviral infection, followed by puromycin pressurization screening. As shown in 
Figure 1F-J. To identify the effects of IL-34 on GC cell proliferation, we evaluated the formation of CCK-
8 and plate clones in AGS cells with different expression of IL-34. The results showed that the number of 
AGS cell clones in the stable knockdown group (shRNA-1) was less than in the control group (shNC) 
(Figure 2A and B, P < 0.01). Meanwhile, the proliferation rate of AGS cells in the shRNA-1 group was 
also slowed compared to the shNC group (Figure 2C, P < 0.05). Furthermore, as shown in Figure 2C and 
D, the clone formation was significantly increased following the stable overexpression of the IL-34 
compared to cells transfected with Vector alone (Figure 2E, P < 0.05). In addition, the CCK-8 assay also 
showed that the proliferation ability of AGS cells in the stable IL-34 overexpression group was 
significantly enhanced compared to the Vector-transfected cells, and the difference was statistically 
significant (Figure 2F, P < 0.05). Therefore, IL-34 accelerated the proliferation and clone formation of 
AGS cells.

IL-34 improved the migration and invasion of AGS cells
To verify the effect of IL-34 on GC migration and invasion ability, we examined the migration and 
invasion capacity of AGS cell lines in the shNC group and in the shRNA-1 group. As shown in 
Figure 3A and B, the migration capacity of AGS cells in the shRNA-1 group was reduced compared to 
the shNC group (P < 0.05). Meanwhile, the transwell assay showed that the invasion of AGS cells in the 
shRNA-1 group was weaker than that of the shNC group (Figure 3C and D, P < 0.05). As shown in 
Figure 3E-H, the migration and invasion of AGS cell lines was enhanced following the stable overex-
pression of IL-34 compared to cells transfected with Vector alone (P < 0.05). Taken together, IL-34 
overexpression promoted migration and invasiveness of AGS cells.

Overexpression of IL-34 accelerated the growth of subcutaneous transplantation tumors in nude 
mice
To further verify the effects of IL-34 on GC transplant tumors in vivo, we constructed a subcutaneous 
transplant tumor model in nude mice. As shown in Figure 4A and B, the tumors of the nude mice in the 
IL-34 group grew faster compared to the Vector implanted group (P < 0.05). Furthermore, tumor weight 
in the IL-34 group was higher than in the Vector group (Figure 4C, P < 0.05). Therefore, IL-34 overex-
pression promoted the growth of subcutaneous transplantation tumors in nude mice.

IL-34 regulated the expression of EMT-associated proteins 
The EMT process is characterized by a decreased expression of the epithelial cell marker (E-cadherin) 
and an elevated expression of the mesenchymal cell marker (vimentin) and the tumor invasion 
promoter marker (N-cadherin)[24]. As shown in Figure 5A-D, knockdown increased the expression of 
the E-cadherin protein expression but decreased the expression of vimentin and N-cadherin in AGS cells 
(P < 0.01). In contrast, overexpression of IL-34 suppressed E-cadherin expression and increased 
vimentin and N-cadherin protein expression in AGS cells (Figure 5E-H, P < 0.01). Overall, IL-34 
promoted the migration and invasion of AGS cells by regulating the expression of EMT-associated 
proteins.
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Table 1 Correlations between expression of interleukin-34 proteins and clinicopathologic features in 60 patients with gastric cancer

Expression of IL-34 
Characteristics

Lower (n = 29) Higher (n = 31)
χ2/t P value

Age (yr) 62.14 ± 11.23 63.87 ± 10.642 0.976 0.945

Tumor size (cm) 4.69 ± 1.74 6.52 ± 3.06 0.003 0.006

Sex

Male 16 21

Female 13 10

1.001 0.317

T-stage

T1 + T2 13 4

T3 + T4 16 27

7.520 0.006

N-stage

N0 17 8

N1 + N2 + N3 12 23

6.638 0.010

M0 stage

Yes 1 2

No 28 29

0.000 1.000

TNM stages

I + II 17 10

III + IV 12 21

4.207 0.040

Grade

Well + moderate 11 4

Poor 18 27

5.006 0.025

IL: Interleukin; TNM: Tumor, node and metastasis.

DISCUSSION
In recent years, IL-34, a newly discovered cytokine, has been reported to influence tumorigenesis and 
progression by binding to receptors triggering multiple intracellular pathways, which mediate cellular 
processes such as cell proliferation, the cell cycle, and protein phosphorylation[16]. Zhou et al[17] found 
that IL-34 binds to the colony stimulating factor 1 receptor (CSF-1R) to control the survival, prolif-
eration, and differentiation of tumor-associated macrophages, and patients with higher expression of IL-
34 and higher density of tumor-associated macrophages had a poorer prognosis and shorter overall 
survival and recurrence-free period. Additionally, Zhang et al[18] found that IL-34 Levels were 
significantly up-regulated in serum and tissue samples from patients with thyroid cancer, which were 
strongly correlated with tumor size, TNM stage, and lymph node metastasis. Kobayashi et al[19] found 
that IL-34 is a prognostic factor in colorectal cancer. Irie et al[20] found that IL-34 promotes hepato-
blastoma cells progression via autocrine and paracrine mechanisms. Kajihara et al[21] found that IL-34 
expression was upregulated in triple-negative breast cancer and that overall survival was worse in 
patients with triple-negative breast cancer with high expression of IL-34. Consistent with the above 
findings, we found that IL-34 expression levels were correlated with the clinicopathological character-
istics of the patients, including tumor size, T-stage, N-stage, stage TNM, and tumor grade of differen-
tiation. More specifically, patients with GC with lower expression of IL-34 had smaller tumors, earlier 
tumor stages (T-stage and N-stage, and TNM stage) and well-differentiated tumors. Additionally, CCK-
8 assays and plate clone formation assays showed that the capacity for proliferation and clone formation 
of GC cells was enhanced after IL-34 overexpression, while the knockdown of IL-34 suppressed the 
proliferation and clone formation of GC cells. Similarly, Franzè et al[22] also found that IL-34 promoted 
colorectal cancer cell proliferation by regulating the growth of tumor-associated macrophages. In this 
study, we also attempted to further validate the effects of IL-34 on GC growth in vivo by constructing 
subcutaneous tumor nude mice models. The results showed that the overexpression of IL-34 accelerated 
the growth rate of GC tumors compared to cell xenograft containing only Vector. Regrettably, due to the 
limitations of nude mouse subcutaneous tumor models, no supporting evidence was observed with 
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Figure 1 Expression of interleukin-34 in gastric cancer tissues and cell lines, and construction of AGS cell lines with stable knockdown 
or overexpression of interleukin-34. A: Representative immunohistochemistry (IHC) staining of interleukin (IL)-34 in adjacent normal tissue, gastric cancer 
(GC) tissues, (scale bar = 25 μm); B: IHC staining scores were used to evaluate IL-34 expression in GC tissues and adjacent normal tissue; C: Western blotting was 
used to detect IL-34 protein expression in gastric normal epithelial cells (GES-1) and GC cell lines (AGS, HGC-27, and MKN-45); D: The relative densitometric 
analysis of protein bands was calculated; E: IL-34 mRNA expression was detected by quantitative real-time polymerase chain reaction (qRT-PCR); F and G: Western 
blotting was used to verify the downregulation of IL-34 in AGS cell lines; H: qRT-PCR was used to verify the downregulation of IL-34 in AGS cell lines; I and J: 
Western blotting was used to verify the overexpression of IL-34 in AGS cell lines; K: qRT-PCR was used to verify the overexpression of IL-34 in AGS cell lines. bP < 
0.01, cP < 0.001.

regard to macrophage and lymphocyte infiltration into tumors (data was not shown), making it difficult 
to investigate the role of tumor-associated macrophages in IL-34 mediating GC progression.

It is well known that EMT is involved in GC metastasis, which is characterized by changes in 
migration, invasion, and expression of proteins associated with EMT, including E-cadherin, vimentin, 
and N-cadherin[6,23-25]. Previous studies have found that EMT is strongly associated with the prolif-
eration and metastasis of GC[12-14]. For example, cancer-associated fibroblasts promote EMT and GC 
metastasis via the JAK2/STAT3 signaling pathway[12],  while tumor neutrophils induce EMT to 
promote migration and invasion in GC cells[13]. SERPINH1 regulates the progression of EMT and GC 
through the Wnt/β-catenin pathway[14]. Furthermore, ZMYM1 promotes EMT and metastasis of GC 
cells by recruiting the CtBP/LSD1/CoREST complex to bind to the E-cadherin promoter and mediating 
its repression[26]. IL-34 has been reported to promote EMT and activate the ERK signaling pathway in 
papillary thyroid cancer cells[15]. However, it remains unclear whether IL-34 regulates the EMT process 
of GC. In the present study, overexpression of IL-34 enhanced migration and invasion ability, while 
knockdown of IL-34 impaired metastasis in GC cells. Furthermore, we also found that the N-cadherin 
and vimentin proteins were up-regulated in GC cells after overexpression of IL-34, while the 
knockdown of IL-34 decreased the expression of N-cadherin and vimentin. In human papillary thyroid 
cancer, it has also been reported that IL-34 regulates the expression of E-cadherin, vimentin, and N-
cadherin, which is consistent with our results.
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Figure 2 Interleukin-34 modulates clone formation and proliferation in AGS cells. A and B: Downregulation of endogenous interleukin (IL)-34 reduced 
the mean colony number in the colony formation assay; C: Downregulation of endogenous IL-34 reduced the mean number of AGS cells in the proliferation assay; D 
and E: Upregulation of endogenous COL5A2 increased the number of invasion cells in the colony formation assay; F: Upregulation of endogenous IL-34 increased 
the mean number of AGS cells in the proliferation assay. Data shown on graphs were obtained from three independent replicates of the experiments and expressed 
as mean ± SD, aP < 0.05, bP < 0.01.

Previous studies have shown that interactions between IL-34 and its functional receptors trigger 
several intracellular pathways that ultimately control the growth and progression of many types of 
cancers. For example, multiple studies have found that IL-34 promotes tumor cell growth and invasion 
through the activation of the ERK signaling pathway[27-29], while inhibition of the ERK signaling 
pathway inhibits the tumor-promoting effects of IL-34[30]. Currently, the factors and molecular 
mechanisms that regulate IL-34 in cancer cells are still unknown. We speculate that IL-34 induction is 
associated with oncogenic mutations that trigger signal that sustain carcinogenesis, and that production 
of cytokines and chemokines sustains carcinogenesis[31]. Furthermore, it is possible that the altered 
synthesis of IL-34 depends on changes in miRNA expression, a class of small noncoding RNAs that 
regulate a wide range of biological processes by altering the expression and translation of their target 
messenger RNA genes[32]. Finally, immune and stromal cells present in the tumor microenvironment 
secrete many inflammatory mediators, growth factors such as TNF- a, IL-1b, and IL-6, and these small 
molecules stimulate tumor cells to secrete IL-34[33,34].

A limitation of the present study is that we did not further investigate the mechanism of action of IL-
34 in GC. During the novel coronavirus epidemic, we were temporarily unable to conduct further 
mechanistic studies due to lack of time and funding constraints. However, we have identified nuclear 
factor-kappa B as a potential mechanism that may regulate IL-34 expression in GC by single cell 
sequencing. In the next step, we will continue to validate the mechanism of IL-34 regulation of prolif-
eration, migration and EMT expression in GC.
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Figure 3 Interleukin-34 regulates the migration and invasiveness of AGS cells. A and B: Wound-healing assay revealed that downregulation of 
endogenous interleukin (IL)-34 significantly reduced the migration rate; C and D: Downregulation of endogenous IL-34 reduced the number of invaded cells in the 
transwell assay; E and F: Wound-healing assay revealed that upregulation of endogenous IL-34 significantly increased the migration rate; G and H: Upregulation of 
endogenous IL-34 increased the number of invaded cells in the transwell assay. Data derived from three independent experiments performed in triplicate and 
expressed as mean ± SD, and aP < 0.05.

CONCLUSION
Our study provides novel evidence that IL-34 contributes to GC growth and metastasis. IL-34 is up-
regulated in GC cell lines and tissues, and is correlated with tumor size, grade of differentiation, and 
TNM stage. IL-34 enhances the capacity for cancer cell proliferation, clone formation, migration, and 
invasion, and regulates the expression of EMT-associated proteins, suggesting that IL-34 may be an 
effective target for the therapy of GC.
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Figure 4 Interleukin-34 regulates the growth of subcutaneous transplantation tumors in nude mice. A-C: Upregulation of endogenous interleukin-
34 promotes the growth of transplanted tumors in nude mice. aP < 0.05.

Figure 5 Interleukin-34 regulates the expression of epithelial-mesenchymal transition-related proteins in AGS cells. A-D: Downregulation of 
endogenous interleukin (IL)-34 increases E-cadherin expression, and reduces the expression of N-cadherin and vimentin in AGS cells; E-H: Upregulation of 
endogenous IL-34 reduces the E-cadherin expression, but increases the expression of N-cadherin and vimentin in AGS cells. Data was experiments performed in 
triplicate and expressed as mean ± standard deviation. bP < 0.01.
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ARTICLE HIGHLIGHTS
Research background
Interleukin (IL)-34 is an inflammatory cytokine that is also involved in the development of several 
tumors. However, the role of IL-34 in the proliferation and epithelial-mesenchymal transition (EMT) of 
gastric cancer (GC) remains to be investigated.

Research motivation
To investigate the effect of IL-34 on the proliferation of GC cells and to find new therapeutic targets for 
the treatment of GC.

Research objectives
To clarify the effect of IL-34 on the prognosis of GC patients and the effect of IL-34 on the proliferation 
and EMT of GC cells.

Research methods
The expression of IL-34 protein in GC tissues and cells was detected using immunohistochemical 
staining and Western blotting. In vitro, stable IL-34 knockdown and overexpressed GC cell lines were 
cultured, and the proliferation, clone formation, migration and invasion ability of GC cells were 
examined using cholecystokinin-8 assay, clone formation assay, cell scratch assay and transwell assay, 
respectively. In vivo, the effect of IL-34 on GC transplantation tumor growth was assessed using a 
subcutaneous tumor transplantation assay in nude mice. Western blotting was used to detect the 
association of IL-34 protein with EMT-related protein expression levels.

Research results
IL-34 expression is elevated in GC cells and tissues, and IL-34 expression levels correlated with tumor 
size, T stage, N stage, tumor, node and metastasis stage, and degree of differentiation. In vitro, 
endogenous upregulation of IL-34 promoted GC cell proliferation and EMT. In vivo, IL-34 overex-
pression promoted subcutaneous graft tumor growth in nude mice.

Research conclusions
IL-34 expression is increased in GC tissues and cell lines. IL-34 promotes the proliferation and epithelial-
mesenchymal transition of GC cells.

Research perspectives
IL-34 may represent a new strategy for the diagnosis and targeted treatment of GC. Further search for 
potential cancer-promoting mechanisms of IL-34 is needed in the future.
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Abstract
BACKGROUND 
Cuproptosis has recently been considered a novel form of programmed cell death. 
To date, long-chain non-coding RNAs (lncRNAs) crucial to the regulation of this 
process remain unelucidated.

AIM 
To identify lncRNAs linked to cuproptosis in order to estimate patients' prognoses 
for hepatocellular carcinoma (HCC).

METHODS 
Using RNA sequence data from The Cancer Genome Atlas Live Hepatocellular 
Carcinoma (TCGA-LIHC), a co-expression network of cuproptosis-related genes 
and lncRNAs was constructed. For HCC prognosis, we developed a cuproptosis-
related lncRNA signature (CupRLSig) using univariate Cox, lasso, and multi-
variate Cox regression analyses. Kaplan-Meier analysis was used to compare 
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overall survival among high- and low-risk groups stratified by median CupRLSig risk score. 
Furthermore, comparisons of functional annotation, immune infiltration, somatic mutation, tumor 
mutation burden (TMB), and pharmacologic options were made between high- and low-risk 
groups.

RESULTS 
Three hundred and forty-three patients with complete follow-up data were recruited in the 
analysis. Pearson correlation analysis identified 157 cuproptosis-related lncRNAs related to 14 
cuproptosis genes. Next, we divided the TCGA-LIHC sample into a training set and a validation 
set. In univariate Cox regression analysis, 27 LncRNAs with prognostic value were identified in 
the training set. After lasso regression, the multivariate Cox regression model determined the 
identified risk equation as follows: Risk score = (0.2659 × PICSAR expression) + (0.4374 × FOXD2-
AS1 expression) + (-0.3467 × AP001065.1 expression). The CupRLSig high-risk group was 
associated with poor overall survival (hazard ratio = 1.162, 95%CI = 1.063-1.270; P < 0.001) after the 
patients were divided into two groups depending upon their median risk score. Model accuracy 
was further supported by receiver operating characteristic and principal component analysis as 
well as the validation set. The area under the curve of 0.741 was found to be a better predictor of 
HCC prognosis as compared to other clinicopathological variables. Mutation analysis revealed 
that high-risk combinations with high TMB carried worse prognoses (median survival of 30 mo vs 
102 mo of low-risk combinations with low TMB group). The low-risk group had more activated 
natural killer cells (NK cells, P = 0.032 by Wilcoxon rank sum test) and fewer regulatory T cells 
(Tregs, P = 0.021) infiltration than the high-risk group. This finding could explain why the low-risk 
group has a better prognosis. Interestingly, when checkpoint gene expression (CD276, CTLA-4, 
and PDCD-1) and tumor immune dysfunction and rejection (TIDE) scores are considered, high-
risk patients may respond better to immunotherapy. Finally, most drugs commonly used in 
preclinical and clinical systemic therapy for HCC, such as 5-fluorouracil, gemcitabine, paclitaxel, 
imatinib, sunitinib, rapamycin, and XL-184 (cabozantinib), were found to be more efficacious in 
the low-risk group; erlotinib, an exception, was more efficacious in the high-risk group.

CONCLUSION 
The lncRNA signature, CupRLSig, constructed in this study is valuable in prognostic estimation of 
HCC. Importantly, CupRLSig also predicts the level of immune infiltration and potential efficacy 
of tumor immunotherapy.

Key Words: Hepatocellular carcinoma; Cuproptosis; Long-chain non-coding RNAs; Prognosis; Tumor 
microenvironment; Immunotherapy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Factors crucial to the regulation of cuproptosis remain unelucidated. Using transcriptome data 
from The Cancer Genome Atlas (TCGA-LIHC), we developed a cuproptosis- and prognosis-related long-
chain non-coding RNAs signature (CupRLSig) for hepatocellular carcinoma. The high-risk group 
identified by CupRLSig was associated with poorer overall survival and progression-free survival. Less 
activation of natural killer cells and more infiltration of regulatory T cells in the high-risk group may 
explain the worse outcomes. Interestingly, based on checkpoint gene expression (CD276, CTLA-4, and 
PDCD-1) and tumor immune dysfunction and rejection, high-risk patients may respond better to immuno-
therapy.

Citation: Huang EM, Ma N, Ma T, Zhou JY, Yang WS, Liu CX, Hou ZH, Chen S, Zong Z, Zeng B, Li YR, Zhou 
TC. Cuproptosis-related long non-coding RNAs model that effectively predicts prognosis in hepatocellular 
carcinoma. World J Gastrointest Oncol 2022; 14(10): 1981-2003
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/1981.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.1981

INTRODUCTION
The second most deadly tumor type after pancreatic cancer, liver cancer has a 5-year survival rate of 
only 18% and a median survival time of just one year[1]. Around 80% of those primary liver tumors are 
hepatocellular carcinomas (HCC)[2]. Surgery, ablation, and orthotopic liver transplantation remain the 
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most popular locoregional treatment options for HCC[3]. However, as most HCC patients are 
diagnosed at a late stage in the illness and often have metastases on diagnosis, surgical resection is 
rarely a viable treatment option. Such patients can only be treated with systemic therapies such as 
targeted therapies[4]. Despite the availability of several tyrosine kinase inhibitors for first- and second-
line treatment, the overall survival (OS) of patients with advanced HCC remains poor owing to drug 
resistance and has not improved over the past decade[5]. Although the recent approval by the Food and 
Drug Administration of immune checkpoint inhibitors has transformed the clinical management of 
HCC, only a small proportion of patients are sensitive to this therapy owing to a lack of relevant 
selective biomarkers[6]. As a result, there is a pressing necessity to investigate novel treatment 
modalities and biomarkers in order to improve patient outcomes.

Levels of copper, including the complex form of ceruloplasmin, are significantly elevated in serum 
and tumors of cancer patients[7]. Excess copper acts as a powerful oxidant, promoting the intracellular 
production of reactive oxygen species (ROS) and apoptosis[8]. Malignant cells naturally possess higher 
basal ROS levels compared with normal cells[8] as they use mechanisms such as compensatory upregu-
lation of the NRF2 gene to counter increases in ROS resulting from copper accumulation[2]. Thus, 
utilization of the altered copper distribution to generate an intolerable increase in ROS stress in 
malignant cells warrants consideration as a potential anticancer strategy[7]. Prior to the clinical 
utilization of spatial copper distribution for cancer treatment, however, the genes involved in copper 
metabolism and their regulatory networks must be elucidated. For example, alterations in copper 
bioavailability in KRAS-mutant tumors have been investigated in preclinical studies[9]. Copper has a 
dual function, being an essential enzyme cofactor but also producing toxicity that causes cell death. 
Thus, copper has been proposed as a new therapeutic target for use in strategies to specifically kill 
cancer cells by increasing intracellular copper accumulation[10,11]. Recently, researchers found that 
some cancer cells die when carrier molecules such as FDX1 import substantial levels of copper into the 
cytoplasm[12]. By blocking alternative cell death pathways, this was proved to be a specific type of cell 
death; further research revealed that cells more reliant on mitochondria for energy production were 
more sensitive to this copper-induced death, which was named cuproptosis[12]. Lipid acylation, a major 
target of cuproptosis for cytotoxicity, is widespread and conserved in nature[11]. This metabolic profile 
indicates the promise of copper-ion-targeted therapies for tumors. There is thus an urgent need for 
methods for reliable and accurate detection of biomarkers of cuproptosis in human tumor tissues.

Long non-coding RNAs (lncRNAs) are involved in a variety of biological processes. Several HCC-
related lncRNAs have been discovered to be deregulated in tumor tissues and to play critical roles in 
shaping the tumor microenvironment via epigenetic regulation[13]. Similarly, lncRNAs have been 
reported to have crucial roles in the regulation of metabolism of metal ion homeostasis. Some 2564 
LncRNAs were found to be significantly upregulated, whereas 1052 were downregulated, in a recently 
constructed toxic milk mouse model of Wilson’s disease (WD), which is characterized by a mutation of 
the ATP7B gene that affects copper transport[14]. The cytosolic lncRNA P53RRA was found to displace 
p53 from the G3BP1-p53 complex, resulting in increased intranuclear p53 retention and manifestation of 
ferroptosis, another ion-induced form of programmed cell death[15]. Although the mechanism charac-
terizing the lncRNA-mediated epigenetic regulation of ferroptosis has been widely investigated[16], the 
lncRNA regulatory network associated with cuproptosis remains almost completely unknown. Given 
that lncRNAs play a role in a variety of biological processes, such as ferroptosis, they are highly likely to 
be involved in the regulation of cuproptosis. Thus, identification of transcriptional changes in lncRNAs 
will be critical for the characterization of cuproptosis and for determining its relevance in malignancy.

Here, we developed a cuproptosis-related lncRNA signature (CupRLSig) and demonstrated its ability 
to predict prognosis of HCC patients. Furthermore, we constructed a nomogram based on CupRLSig as 
well as a number of clinical features and compared gene enrichment, mutations, immune cell infilt-
ration, and potential responses to targeted therapy and immunotherapy between CupRLSig-defined 
high- and low-risk groups. This study provides insight into the cuproptosis regulatory network, the 
understanding of which is critical for improving the efficacy of individualized HCC treatment.

MATERIALS AND METHODS
Dataset and sample extraction
RNA-sequencing data (RNA-seq), clinical characteristics, and mutation data of HCC patients were 
obtained from The Cancer Genome Atlas-Live Hepatocellular Carcinoma Database (TCGA-LIHC, 
https://portal.gdc.cancer.gov/). Initially, data from 424 HCC patients were collected. Patients with 
incomplete follow-up data or survival < 30 d and those lacking complete clinicopathological data were 
excluded from follow-up analysis; 343 patients were ultimately included. The 19 cuproptosis-related 
genes, listed in Supplementary Table 1, were obtained from the available literature[2,9,12,17-19] 
reporting findings of gene manipulation studies, and are genes that were found to either induce or 
inhibit cuproptosis. The present study was conducted in accordance with the Declaration of Helsinki as 
revised in 2013.

https://portal.gdc.cancer.gov/
https://f6publishing.blob.core.windows.net/89544b01-2a79-45ff-b751-21ebb565bc57/WJGO-14-1981-supplementary-material.pdf
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Identification of CupRLSig for prediction of HCC patient prognosis
Based on gene names, transcriptional expression profile data were classified as lncRNA or mRNA, and 
lncRNAs associated with 19 cuproptosis-related genes (mRNAs) were identified using the “limma” R 
package and the Pearson correlation test. The absolute value of the Pearson correlation coefficient (> 0.4) 
and P < 0.05 were used as thresholds for the establishment of a cuproptosis-related mRNA-lncRNA co-
expression network to identify lncRNAs relevant in cuproptosis. The network was visualized using a 
Sankey diagram generated by the R software package “ggalluvial.” The entire TCGA-LIHC sample was 
subsequently randomly divided into a training group and a validation group (Table 1); univariate Cox 
regression analysis was used to determine whether these lncRNAs were associated with patient 
prognosis in the training group. Lasso regression analysis was also performed to avoid over-fitting and 
eliminate tightly correlated genes. The minimal penalty term (lambda) was chosen using ten-fold cross-
validation. The aforementioned lncRNAs were subsequently used to construct a multivariate Cox 
regression model and determine correlation coefficients. The following formula was used to calculate 
risk scores based on the model: risk score = explncRNA1 × coef lncRNA1 + explncRNA2 × coef 
lncRNA2 + ... + explncRNAi × coef lncRNAi. We termed this predictive lncRNA signature CupRLSig. 
Risk scores were calculated for all patients in the training set, test set, and entire TCGA-LIHC set, and 
According to the median risk score in the training group, HCC samples from all three datasets were 
split into high- and low-risk groups. The CupRLSig model was tested using Kaplan-Meier curves, risk 
curves, survival status analyses, and heatmap analyses to see if it could effectively identify patients with 
different risk levels. The accuracy of the model was quantified using progression-free survival (PFS) 
analysis, the concordance index (C-index), independent prognostic analysis, and receiver operating 
characteristic (ROC) curves. The R software package “pheatmap” was used to visualize clinicopatho-
logical variables in the high- and low-risk groups from the entire TCGA-LIHC sample set; the distri-
bution of patients with varying risk scores was evaluated using principal component analysis (PCA) 
and visualized using the R software package “scatterplot3d.” Finally, stratified analyses were 
performed using various pathological parameters to determine whether the model’s distinction between 
high- and low-risk groups significantly correlated with other clinical parameters.

Construction of the nomogram
A nomogram was constructed using the R software packages “rms” and “regplot” for the prediction of 
HCC patient survival at 1, 3, and 5 years based on a combination of the risk score with other clinicopath-
ological data. Calibration curves were used to evaluate whether the predicted survival rates were 
consistent with actual survival rates. A patient was randomly selected to confirm the predictive utility of 
the nomogram.

Analysis of functional enrichment of genes and lncRNAs with differential expression in different-risk 
CupRLSig groups
Differentially expressed genes and lncRNAs between the high- and low-risk CupRLSig groups were 
identified using the R software package “limma” with the criteria of log2 fold change absolute value 
greater than 1 and false discovery rate less than 0.05. Functional enrichment analysis of the differentially 
expressed genes and lncRNAs was then performed using the Gene Ontology (GO) and the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) databases.

Analysis of somatic mutation data and TMB
The number of somatic non-synonymous point mutations in each sample was counted and visualized 
using the R software package “maftools”[20]. The TMB was calculated as the number of somatic, 
coding, base replacement, and insert-deletion mutations discovered per megabase of genome using non-
synonymous and code-shifting indels with a 5% detection limit. In addition, TMB was compared 
between the high- and low-risk groups, and survival curves for TMB and risk score integration were 
plotted.

Estimation of immune infiltration
The CIBERSORT algorithm[21] was used to estimate the infiltration proportions of 22 immune cell types 
in HCC samples. The proportions of immune cells in different groups were compared using the 
Wilcoxon rank-sum test. Single-sample gene set enrichment analysis was performed using the R 
software package “GSVA”[22] to assess the activity of 13 immune-related functions and compare 
differences between the two groups.

Potential relationships of CupRLSig with immunotherapy, chemotherapy, and target therapy
First, differential expression of 47 immune checkpoint genes in the CupRLSig high- and low-risk groups 
was compared. The tumor immune dysfunction and exclusion (TIDE, http://tide.dfci.harvard.edu/) 
module was used to distinguish potential immunotherapy responses between groups. This module 
predicts anti-PD1 and anti-CTLA4 treatment response based on patients’ pre-treatment genome 
transcriptional expression profiles. The role of CupRLSig in predicting the therapeutic response of HCC 

http://tide.dfci.harvard.edu/
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Table 1 Clinical characteristics of The Cancer Genome Atlas Live Hepatocellular Carcinoma sample training and test groups (n = 343)

Covariates Sub type Entire TCGA-LIHC, n (%) Test group, n (%) Training group, n (%) P value

Age (yr) ≤ 65 216 (62.97) 103 (60.23) 113 (65.70) 0.3493

> 65 127 (37.03) 68 (39.77) 59 (34.30)

Gender Female 110 (32.07) 59 (34.50) 51 (29.65) 0.3971

Male 233 (67.93) 112 (65.50) 121 (70.35)

Grade G1 53 (15.45) 27 (15.79) 26 (15.12) 0.3

G2 161 (46.94) 85 (49.71) 76 (44.19)

G3 112 (32.65) 54 (31.58) 58 (33.72)

G4 12 (3.50) 3 (1.75) 9 (5.23)

Unknown 5 (1.46) 2 (1.17) 3 (1.74)

Stage Stage I 161 (46.94) 81 (47.37) 80 (46.51) 0.9079

Stage II 77 (22.45) 39 (22.81) 38 (22.09)

Stage III 80 (23.32) 38 (22.22) 42 (24.42)

Stage IV 3 (0.87) 2 (1.17) 1 (0.58)

Unknown 22 (6.41) 11 (6.43) 11 (6.40)

T T1 168 (48.98) 86 (50.29) 82 (47.67) 0.5683

T2 84 (24.49) 42 (24.56) 42 (24.42)

T3 75 (21.87) 37 (21.64) 38 (22.09)

T4 13 (3.79) 4 (2.34) 9 (5.23)

Unknown 3 (0.87) 2 (1.17) 1 (0.58)

M M0 245 (71.43) 118 (69.01) 127 (73.84) 0.9551

M1 3 (0.87) 2 (1.17) 1 (0.58)

Unknown 95 (27.70) 51 (29.82) 44 (25.58)

N N0 239 (69.68) 111 (64.91) 128 (74.42) 0.9081

N1 3 (0.87) 2 (1.17) 1 (0.58)

Unknown 101 (29.45) 58 (33.92) 43 (25.00)

T: Tumor; N: Lymph node; M: Metastasis. The P value is indicated for the chi-square test and Kruskal-Wallis test among the three groups.

was further evaluated by calculation of the half-maximal inhibitory concentration (IC50) values of drugs 
commonly used for chemotherapy and targeted therapy. The Wilcoxon signed-rank test and R software 
package “pRRophetic” were used to compare and visualize IC50 values in the high- and low-risk groups.

Statistical analysis
The Kaplan-Meier method were used to compare OS and PFS of different groups of patients. The R 
“survivalROC” package was used to construct ROC curves and calculate the area under the curve 
(AUC). The Kruskal-Wallis test was used to compare differences between groups, and clinical data were 
analyzed using either chi-squared or Fisher’s exact tests. Relationships between lncRNA expression, 
immune infiltration, and immune checkpoint gene expression were assessed using Spearman or Pearson 
correlation coefficients. All statistical analyses were performed using R software (version 4.1.2); a P 
value < 0.05 was considered to indicate statistical significance. The statistical methods used in this study 
were reviewed by Dr. GanFeng Luo from the Department of Epidemiology and Health Statistics, School 
of Public Health, Sun Yat-sen University.
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Figure 1 Study flowchart. RNA-seq: RNA sequencing; TCGA-LIHC: The Cancer Genome Atlas-Live Hepatocellular Carcinoma; lncRNAs: Long non-coding RNAs; 
ROC: Receiver operating characteristic.

RESULTS
Characteristics of the datasets and construction of the CupRLSig model
Figure 1 presents a flow chart of the present study. First, Pearson correlation analysis identified 157 
cuproptosis-related lncRNAs related to 14 cuproptosis genes, with correlation coefficient > 0.4 and P < 
0.05 (Figure 2A and Supplementary Table 2). We collected 343 samples with complete clinicopatho-
logical data from the TCGA-LIHC database. The samples and data were from 233 males and 110 
females, 224 of whom were still alive. The age of HCC patients ranged from 16 to 90 years, and their 
survival after diagnosis ranged from 30 to 3675 d. More detailed characteristics are shown in Table 1.

The entire TCGA-LIHC sample was subsequently randomly divided into a training group and a 
validation group (Table 1). Univariate Cox regression analysis revealed a total of 27 LncRNAs that had 
prognostic significance in the training group (Figure 2B). Following Lasso regression analysis (Figure 2C 
and D), three lncRNAs in the training group were retained and used to construct a multivariate Cox 
regression model. The correlations between these three lncRNAs (collectively termed CupRLSig) and 
the 19 cuproptosis-related genes are shown in Figure 2E. A formula for the CupRLSig risk score was 
established as follows: risk score = (0.2659 × PICSAR expression) + (0.4374 × FOXD2-AS1 expression) + 
(-0.3467 × AP001065.1 expression). Based on the median risk score in the training group, patients were 
divided into two risk groups using this formula. Finally, 86, 80, and 166 patients from the training, test, 
and entire set, respectively, were assigned to the high-risk group; and 86, 91, and 177 patients were 
assigned to the low-risk group (Figure 3A-C). Kaplan-Meier analysis revealed a significantly shorter OS 
in the high-risk group compared with the low-risk group for both datasets (Figure 3A-C). Individual 
patient risk scores and survival statistics are detailed in Figure 3D-I; notably, the risk score rose along 
with the number of deaths. The expression status of the three lncRNAs in each group is detailed in 
Figure 3J-L.

Evaluation of the accuracy of the CupRLSig model
We further evaluated the PFS of 343 HCC patients using data downloaded from http://xena.ucsc.edu/ 
to assess the prediction accuracy of our CupRLSig prognostic model among HCC patients. High-risk 
patients were noted to have significantly shorter PFS (P = 0.001; Figure 4A). According to the C-index 
values, the model’s prognostic prediction performance was comparable with that of disease stage 
(Figure 4B). Univariate and multivariate Cox regression analyses revealed CupRLSig risk score to be an 
independent prognostic factor (Figure 4C and D); its AUC of 0.741 indicated that it was a better 
predictor of HCC prognosis than other clinicopathological variables (Figure 4E). The 1-, 3-, and 5-year 
ROC AUCs were 0.741, 0.636, and 0.649, respectively, indicating that CupRLSig exhibited good 
prognostic performance (Figure 4F).

https://f6publishing.blob.core.windows.net/89544b01-2a79-45ff-b751-21ebb565bc57/WJGO-14-1981-supplementary-material.pdf
http://xena.ucsc.edu/
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Figure 2 Construction of the cuproptosis-related long-chain non-coding RNA signature (CupRLSig) model. A: Sankey diagram showing the 
associations between cuproptosis-related long-chain non-coding RNAs (lncRNAs) and mRNAs; B: Forest plot showing 27 LncRNAs with hazard ratios (95% 
confidence intervals) and P values for association with HCC prognosis based on univariate Cox proportional-hazards analysis; C: Lasso coefficient profiles; D: 
Selection of the tuning parameter (lambda) in the Lasso model by ten-fold cross-validation based on minimum criteria for overall survival; E: Heatmap showing the 
correlations of the three lncRNAs incorporated into the cuproptosis-related long-chain non-coding RNA signature model (CupRLSig) model and 19 cuproptosis-
related genes. aP < 0.05; bP < 0.01; cP < 0.001.
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Figure 3 Internal validation of cuproptosis-related long-chain non-coding RNA signature (CupRLSig) model for determination of overall survival in training, test, and entire The Cancer Genome Atlas-Live 
Hepatocellular Carcinoma groups. A-C: Kaplan-Meier survival curves in the high- and low-risk groups stratified by median CupRLSig risk scores for overall survival in the training set (A), test set (B), and entire The Cancer Genome Atlas-Live 
Hepatocellular Carcinoma (TCGA-LIHC) dataset (C); P values were determined using the log-rank test; D-F: Risk curves were based on the risk score for each sample in the training (D), test (E), and entire TCGA-LIHC (F) sets, where red and blue dots 
indicate high- and low-risk samples, respectively; G-I: The scatter plot was based on the survival status of each sample from the training (G), test (H), and entire TCGA-LIHC (I) sets, where red and blue dots indicate death and survival, respectively; J-
L: Heatmaps detailing the expression levels of the three cuproptosis-related long-chain non-coding RNA (lncRNA) signature (CupRLSig) lncRNAs in each group. TCGA-LIHC: The Cancer Genome Atlas-Live Hepatocellular Carcinoma.

Expression levels of the three lncRNAs from the CupRLSig model, as well as clinicopathological 
factors, are detailed in Figure 5A. PCA was performed for whole genes, cuproptosis-related genes, 
cuproptosis-related lncRNAs, and risk-related lncRNAs from the CupRLSig model to determine their 
ability to distinguish between high- and low-risk patients (Figure 5B-E). The CupRLSig (Figure 5E) 
model was found to effectively distinguish between patients in the low- and high-risk groups, 
underscoring the accuracy of the model.

Subgroup analysis was also performed to determine whether CupRLSig had prognostic value in 
subgroups with different clinicopathological parameters (Figure 6). Risk score showed significant correl-
ations with age (Figure 6A and B), sex (Figure 6C and D), tumor grade (Figure 6E and F), tumor stage 
(Figure 6G and H), and T stage (Figure 6I and J) in the assessment of correlations among risk score and 
clinicopathological factors. The numbers of cases in the M and N stage subgroups were too small for 
evaluation. Overall, the CupRLSig risk score was found to be an independent prognostic risk factor in 
HCC patients.

Construction of a predictive nomogram
The CupRLSig risk score, in combination with other clinicopathological factors, was used to develop a 
nomogram to guide clinical assessment of prognosis and estimate 1-, 3-, and 5-year survival probability 
of HCC patients (Figure 7A). Patient 53 was randomly chosen for evaluation of the predictive utility of 
the nomogram. As shown in Figure 7A, the risk score of this patient was 175 points; the 5-year survival 



Huang EM et al. Cuproptosis lncRNAs predict HCC prognosis

WJGO https://www.wjgnet.com 1990 October 15, 2022 Volume 14 Issue 10

Figure 4 Evaluation of predictive accuracy of the cuproptosis-related long-chain non-coding RNAs signature (CupRLSig) model using the 
entire The Cancer Genome Atlas-Live Hepatocellular Carcinoma dataset. A: Kaplan-Meier curves for progression-free survival in high- and low-risk 
groups stratified by median value of cuproptosis-related long-chain non-coding RNAs signature (CupRLSig) risk score; B: Concordance index curves depicting 
CupRLSig risk scores and other clinical parameters relevant to predicting hepatocellular carcinoma patient prognosis; C and D: Forest plots for univariate (C) and 
multivariate (D) Cox proportional-hazards analysis for determination of the independent prognostic value of the CupRLSig risk score; E: Area under the curve (ROC) 
curves for the CupRLSig risk score and other clinicopathological variables; F: Time-dependent ROC curves for 1-, 3-, and 5-year survival for the CupRLSig signature. 
ROC: Receiver operating characteristic; AUC: Area under the curve.

rate was 0.642, the 3-year survival rate was 0.738, and the 1-year survival rate was 0.875. The nomogram 
was found to accurately estimate mortality (Figure 7B).

Identification of biological pathways linked to CupRLSig
The R software “enrichplot” package was used for gene set functional annotation of differentially 
expressed genes and lncRNAs (n = 523, Supplementary Table 3) among the high- and low-risk HCC 
groups. The five biological processes with the highest enrichment according to GO analysis were mitotic 

https://f6publishing.blob.core.windows.net/89544b01-2a79-45ff-b751-21ebb565bc57/WJGO-14-1981-supplementary-material.pdf


Huang EM et al. Cuproptosis lncRNAs predict HCC prognosis

WJGO https://www.wjgnet.com 1991 October 15, 2022 Volume 14 Issue 10

Figure 5 Visualization of expression levels of the three component long-chain non-coding RNAs of the cuproptosis-related long-chain 
non-coding RNA signature (CupRLSig) model based on clinicopathological variable stratification and principal component analysis of 
different gene sets performed for classification of patient risk. A: Heatmaps of expression of the three long-chain non-coding RNAs (lncRNAs) and 
clinical characteristics for different risk groups; B-E: PCA of low- and high-risk groups based on (B) whole-genome genes, (C) cuproptosis-related genes, (D) 
cuproptosis-related lncRNAs, and (E) cuproptosis-related lncRNA signature (CupRLSig) model risk lncRNAs. Patients with high risk scores are denoted by red, while 
those with low risk scores are denoted by blue. N: Lymph node metastasis; M: Mistant metastasis; T: Tumor.
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Figure 6 Kaplan-Meier survival curves for high- and low-risk patient groups sorted by clinicopathological variables. A and B: Age; C and D: 
Sex; E and F: Grade; G and H: Overall stage; I and J: T stage. T: Tumor.

nuclear division, mitotic sister chromatid segregation, nuclear division, chromosome segregation, and 
sister chromatid segregation (Figure 8A). The five cellular components with the highest enrichment 
were condensed chromosomes, kinetochores, spindle, chromosomes, and condensed chromosomes 
(Figure 8A). Finally, the most enriched molecular functions were steroid hydroxylase activity, oxidore-
ductase activity, microtubule binding, aromatase activity, and tubulin binding (Figure 8A). The five 
most enriched KEGG pathways were retinol metabolism, cytochrome P450 drug metabolism, 
cytochrome P450 xenobiotic metabolism, the cell cycle, and chemical carcinogenesis-DNA adducts 
(Figure 8B).

Relationships of CupRLSig risk score with somatic mutation and TMB
Somatic mutations in patients in the low- and high-risk subgroups were assessed separately (Figure 9A 
and B); TP53 (36% vs 17%) had a higher rate of somatic mutation in the high-risk group than the low-
risk group, whereas CTNNB1 (30% vs 20%) and TTN (25% vs 20%) had higher rates of somatic mutation 
in the low-risk group. Furthermore, although no difference in TMB between the two groups (Figure 9C) 
was found, the survival time of patients with higher TMB was significantly reduced (Figure 9D). High 
TMB in high-risk group patients led to an even worse prognosis (Figure 9E), highlighting a significant 
synergistic effect between these two indicators.

Immune infiltration in different risk subgroups
According to analysis using the CIBERSORT algorithm, the infiltration ratios of M2 macrophages (P = 
0.007), resting mast cells (P = 0.002), monocytes (P = 0.002), and activated NK cells (P = 0.032) in the low-
risk group were significantly higher than those in the high-risk group (Figure 10A). Ratios of resting NK 
cells (P = 0.018), regulatory T cells (Tregs; P = 0.021), CD4 memory activated T cells (P = 0.025), and M0 
macrophages (P = 0.007) exhibited the opposite pattern (Figure 10A). Scores for immune functions 
including C-C chemokine receptor, check points, and major histocompatibility complex class I were 
significantly higher in high-risk group patients than in those in the low-risk group, although response to 
interferon type II exhibited the opposite pattern (Figure 10B). These findings reveal differences in 
immune infiltration between the two groups. As immunotherapy is understood to depend on the 
existence of a “hot” immune microenvironment[23], such differences highlight the potential of immuno-
therapy.

Potential relationships of CupRLSig with immunotherapy, chemotherapy, and targeted therapy in 
HCC
Twenty-eight of a total of 47 immune checkpoint genes evaluated were found to differ in terms of 
expression levels between the high- and low-risk groups (Figure 11A). Immunotherapy markers 
including CD276, CTLA-4, and PDCD-1, which are currently in widespread clinical use, were found to 
have markedly elevated expression in the high-risk group (Figure 11A), implying potential immuno-
therapeutic responses in high-risk patients. Moreover, when the online software TIDE was used to 
predict the outcomes of cancer patients treated with anti-PD1 or anti-CTLA4 therapies, higher TIDE 
scores were found in the low-risk group compared with the high-risk group (Figure 11B). Importantly, a 
higher TIDE score suggests a greater likelihood of tumor immune escape and a poorer response to 
immunotherapy. Based on the results for immune infiltration, checkpoint gene expression, and TIDE 
score, HCC patients with high cuproptosis-related risk scores are likely to respond better to immuno-
therapy.
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Figure 7 Nomogram construction and verification. A: Nomogram combining clinicopathological parameters and risk scores to predict 1-, 3-, and 5-year 
survival probabilities of hepatocellular carcinoma (HCC) patients. Multivariate Cox proportional-hazards analysis was used to determine each parameter’s 
independent prognostic value. Red dots, diamonds, triangles, and dashed lines represent the 53rd patient, randomly selected for illustration of the nomogram; B: 
Calibration curves to assess the consistency between actual observed and nomogram-predicted overall survival (OS) at 1-, 3-, and 5-years.

Finally, the relationships between CupRLSig risk score and the efficacies of chemotherapy and 
targeted therapy for HCC were evaluated. Most drugs commonly used in preclinical and clinical 
systemic therapies for HCC, including 5-fluorouracil (Figure 11C), gemcitabine (Figure 11D), paclitaxel 
(Figure 11E), imatinib (Figure 11F), sunitinib (Figure 11G), rapamycin (Figure 11H), and XL-184 
(cabozantinib, Figure 11I) were found to be more efficacious in the low-risk group; erlotinib (Figure 11J), 
an exception, was more efficacious in the high-risk group. Our findings highlight the potential of 
CupRLSig for future clinical development of personalized treatment strategies.

DISCUSSION
Widespread hepatitis B vaccination in China has led to a gradual decline in the incidence of HCC, from 
29.2/100000 in 1998 to 21.9/100000 in 2012[24]. However, the prognosis of HCC patients remains poor, 
in large part owing to a lack of therapeutic and prognostic biomarkers. Markers currently considered in 
clinical practice, such as alpha fetoprotein (AFP), can be used as diagnostic markers or for monitoring 
recurrence, but they do not provide treatment or prognostic data[25]. The combination of several 
biomarkers into a single model improves both therapeutic and prognostic prediction accuracy 
compared with a single biomarker[26].

Serum and tissue copper levels are known to be elevated in various malignancies, with this elevation 
being directly related to cancer progression[7]. As such, we hypothesized that abnormal expression of 
genes relevant to the copper metabolism pathway could serve as prognostic and therapeutic markers in 
HCC. Cuproptosis, a form of programmed cell death recently shown to result from the binding of 
accumulated intracellular copper to aliphatic components of the tricarboxylic acid cycle, causes 
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Figure 8 Gene set functional annotation of differentially expressed genes and long-chain non-coding RNAs in high- and low-risk 
hepatocellular carcinoma groups. A: In gene ontology analysis, differentially expressed genes and long-chain non-coding RNAs (lncRNAs) were found to be 
most enriched in biological process terms mitotic nuclear division, mitotic sister chromatid segregation, nuclear division, chromosome segregation, and sister 
chromatid segregation; in cellular component terms condensed chromosomes, kinetochores, spindles, chromosomes, and condensed chromosomes; and in 
molecular function terms steroid hydroxylase activity, oxidoreductase activity, microtubule binding, aromatase activity, and tubulin binding; B: Differentially expressed 
genes and lncRNAs were found to be most enriched in the following five Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways: retinol metabolism, 
cytochrome P450 drug metabolism, cytochrome P450 xenobiotic metabolism, cell cycle, and chemical carcinogenesis-DNA adducts. BP: Biological process; CC: 
Cellular component; MF: Molecular function.
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Figure 9 Relationships between cuproptosis-related long-chain non-coding RNA signature (CupRLSig) risk scores and somatic mutation 
and tumor mutation burden. A and B: Waterfall plots showing somatic mutations of the most significant 15 genes among high-risk (A) and low-risk (B) 
hepatocellular carcinoma (HCC) patients; C: Comparison of tumor mutation burden (TMB) between low- and high-risk subgroups; D: Kaplan-Meier curves for high- 
and low-TMB groups; E: Kaplan-Meier curves for subgroup analyses of patients stratified by TMB and risk score. The P value is representative of the results of the 
analysis of variance test among subgroups.
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Figure 10  Immune cell infiltration and immune-related functions in different risk groups. A: Violin plot showing whether there were significant 
differences in immune infiltration among 22 types of cells between high- and low-risk subgroups; B: Heatmap showing whether there were significant differences in 13 
immune-related functions between high- and low-risk subgroups. NK: Natural killer; CCR: C-C chemokine receptor; APC: Antigen-presenting cell; HLA: Human 
leukocyte antigen; MHC: Major histocompatibility complex; IFN: Interferon. aP < 0.05; cP < 0.001.

aggregation of lipoacylated proteins and loss of iron-sulfur cluster proteins[12]. Although many pivotal 
genes in cuproptosis have been identified, the overall regulatory landscape of this process in HCC 
remains unclear. Here, we incorporated three cuproptosis-related lncRNAs into a CupRLSig signature 
capable of addressing both cuproptosis and HCC prognosis.

The ROC curves indicated that CupRLSig showed adequate predictive utility for the evaluation of OS 
of HCC patients. Additionally, our novel nomogram has the potential to direct the formulation of 
therapeutic approaches and enhance clinical decision-making. Both FOXD2-AS1 and PICSAR 
(components of the CupRLSig model) have been previously identified as oncogenes in HCC; FOXD2-
AS1 aggravates HCC tumorigenesis by regulating the miR-206/MAP3K1 axis[27], whereas PICSAR 
accelerates disease progression by regulating the miR-588/PI3K/AKT/mTOR axis[28]. However, there 
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Figure 11  Comparison of immune checkpoints, tumor immune dysfunction, and exclusion module scores, and chemotherapy and 
targeted therapy drug efficacy in high- and low-risk groups. A: Expression of 28 immune checkpoint genes differed between the high- and low-risk 
groups. Red and blue boxes represent high- and low-risk patients, respectively; B: Online software tumor immune dysfunction (TIDE) predictions of outcomes in HCC 
subgroups treated with either anti-PD1 or anti-CTLA4 therapy. A higher TIDE score suggests a greater likelihood of tumor immune escape and a poorer response to 
immunotherapy; C-J: IC50 values for (C) 5-fluorouracil, (D) gemcitabine, (E) paclitaxel, (F) imatinib, (G) sunitinib, (H) rapamycin, (I) XL-184 (cabozantinib), and (J) 
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erlotinib in high- and low-risk groups. IC50, half-maximal inhibitory concentration. aP < 0.05; bP < 0.01; cP < 0.001. NS: Not significant.

has been a lack of research on the prognostic value of AP001065.1 and the extent of its involvement in 
cuproptosis; further study of this lncRNA is warranted.

This study also explored the important relationship between cuproptosis and treatment decisions in 
the management of HCC. Endogenous oxidative stress levels are known to be elevated in a variety of 
tumors, probably owing to a combination of active metabolism, mitochondrial mutations, cytokine 
activity, and inflammation[7]. Under constant oxidative stress, cancer cells tend to make extensive use of 
adaptive mechanisms and may deplete the intracellular ROS buffer capacity[7]. Thus, increased copper 
levels in cancer cells, as well as the resulting increase in oxidative stress, facilitate a novel cancer-specific 
therapeutic strategy. The liver is the most important organ for copper metabolism, with the biliary tract 
excreting 80% of copper ions[29]. The induction of cuproptosis in the setting of HCC thus offers a basis 
for effective management of this illness. The design of preclinical studies of this concept first requires a 
detailed understanding of the expression of regulatory genes of the cuproptosis pathway in HCC. A 
study using a WD mouse model revealed that ATP7B-deficient hepatocytes, such as those found in WD 
patients, activated autophagy in response to copper overload to prevent copper-induced apoptosis[17]. 
Inhibition of the autophagy pathway, and consequent further copper overload and elevated ROS, is 
thus likely to activate the cuproptosis pathway and lead to the death of copper-rich tumor cells. 
Notably, the efficacy of chemotherapeutic agents designed to induce ROS, such as paclitaxel, differed 
between patients in the high- and low-risk groups as defined by the CupRLSig model. The CupRLSig 
model was also shown to have a relationship with the HCC immune microenvironment. According to 
CupRLSig stratification, expression of most immune checkpoints, activation of immune pathways, and 
infiltration of immune cells were higher in the high-risk group compared with the low-risk group, while 
TIDE score showed the opposite pattern. These findings suggest that high-risk patients have more to 
benefit from immunotherapy. Taken together, these results confirm that CupRLSig has potential utility 
as an adjunctive selection tool for pharmacotherapy.

There were several limitations to this study. First, only TCGA datasets were used. Use of additional 
external data, such as data from the Gene Expression Omnibus, should be considered in future studies 
to further confirm the predictive utility of CupRLSig. Second, owing to a lack of complete data, 
prognostic factors such as surgical data were not considered in the construction of the nomogram. This 
may have affected the accuracy of the model. Third, functional studies are required to better understand 
the molecular mechanisms associated with the effects of cuproptosis-related lncRNAs.

CONCLUSION
This study proposes a novel CupRLSig lncRNA signature, as well as a nomogram based on that 
signature, which could be useful in predicting HCC patient prognosis. Importantly, CupRLSig also 
appears likely to predict levels of immune infiltration and indicate the potential efficacy of tumor 
immunotherapy, chemotherapy, and targeted therapy.

ARTICLE HIGHLIGHTS
Research background
Cuproptosis, a form of programmed cell death recently found to result from the binding of accumulated 
intracellular copper to aliphatic components of the tricarboxylic acid cycle, causes aggregation of 
lipoacylated proteins and loss of iron-sulfur cluster proteins. However, factors crucial to the regulation 
of cuproptosis remain unelucidated.

Research motivation
We hypothesized that abnormal expression of genes relevant to the copper metabolism pathway could 
serve as prognostic and therapeutic markers in hepatocellular carcinoma (HCC).

Research objectives
To identify long-chain non-coding RNAs (lncRNAs) associated with cuproptosis in order to predict the 
prognosis of patients with HCC.

Research methods
Using RNA sequencing data from The Cancer Genome Atlas Live Hepatocellular Carcinoma (TCGA-
LIHC), a co-expression network of cuproptosis-related genes and lncRNAs was constructed. For HCC 
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prognosis, we developed a cuproptosis-related lncRNA signature (CupRLSig) using univariate Cox, 
Lasso, and multivariate Cox regression analyses. Kaplan-Meier analysis was used to compare overall 
survival among high- and low-risk groups stratified by median CupRLSig risk score. Furthermore, 
comparisons of functional annotation, immune infiltration, somatic mutation, tumor mutation burden 
(TMB), and pharmacologic options were made between high- and low-risk groups.

Research results
The high-risk group identified by CupRLSig was associated with poorer overall survival and 
progression-free survival. Less activation of natural killer cells and more infiltration of regulatory T cells 
in the high-risk group may explain the worse outcomes. Based on checkpoint gene expression (CD276, 
CTLA-4, and PDCD-1) and tumor immune dysfunction and rejection (TIDE) scores, high-risk patients 
may respond better to immunotherapy.

Research conclusions
The lncRNA signature, CupRLSig, constructed in this study is valuable in prognostic estimation in the 
setting of HCC. Importantly, CupRLSig probably also predicts levels of immune infiltration and the 
potential efficacy of tumor immunotherapy, chemotherapy, and targeted therapy.

Research perspectives
We believe that we can expand the bulk-sequencing-generated lncRNA model to the standard care of 
HCC patients if sufficient external data is available to validate the predictive efficacy of CupRLSig.
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Abstract
BACKGROUND 
The biological characteristics of gastric stromal tumors are complex, and their 
incidence has increased in recent years. Gastric stromal tumors (GST) have 
potential malignant tendencies, and the probability of transformation into 
malignant tumors is as high as 20%-30%.

AIM 
To investigate the value of multi-slice spiral computed tomography (MSCT) in the 
differential diagnosis of GST and benign gastric polyps, and GST risk stratification 
assessment.

METHODS 
We included 64 patients with GST (GST group) and 60 with benign gastric polyps 
(control group), confirmed by pathological examination after surgery in PLA 
General Hospital, from January 2016 to June 2021. The differences in the MSCT 
imaging characteristic parameters and enhanced CT values between the two 
groups before surgery were compared. According to the National Institutes of 
Health’s standard, GST is divided into low- and high-risk groups for MSCT 
imaging characteristic parameters and enhanced CT values.

RESULTS 
The incidences of extraluminal growth, blurred boundaries, and ulceration in the 
GST group were significantly higher than those in the control group (P < 0.05). 
The CT values and enhanced peak CT values in the arterial phase in the CST 
group were higher than those in the control group (P < 0.05). The MSCT differ-
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ential diagnosis of GST and gastric polyp sensitivity, specificity, misdiagnosis rate, missed 
diagnosis rate, and areas under the curve (AUCs) were 73.44 %, 83.33%, 26.56%, 16.67%, 0.784, 
respectively. The receiver operating characteristic curves were plotted with the arterial CT value 
and enhanced peak CT value, with a statistical difference. The results showed that the sensitivity, 
specificity, misdiagnosis rate, missed diagnosis rate, and AUC value of arterial CT in the differ-
ential diagnosis of GST and gastric polyps were 80.18%, 62.20%, 19.82%, 37.80%, and 0.710, 
respectively. The sensitivity, specificity, misdiagnosis rate, missed diagnosis rate, and AUC value 
of the enhanced peak CT value in the differential diagnosis of GST and gastric polyps were 
67.63%, 60.40%, 32.37%, 39.60%, and 0.710, respectively. The incidence of blurred lesion 
boundaries and ulceration in the high-risk group was significantly higher than that in the low-risk 
group (P < 0.05). The arterial phase and enhanced peak CT values in the high-risk group were 
significantly higher than those in the low-risk group (P < 0.05).

CONCLUSION 
Presurgical MSCT examination has important value in the differential diagnosis of GST and gastric 
benign polyps and can effectively evaluate the risk grade of GST patients.

Key Words: Multi-slice spiral computed tomography; Differential diagnosis; Gastric stromal tumor; Benign 
gastric polyps; Risk stratification

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastric stromal tumors (GSTs) are common gastrointestinal tumors and have a certain possibility 
of malignant change. Therefore, surgical intervention is important. However, the signs of early patients are 
not obvious, and difficult to distinguish from benign gastric tumors. Imaging examinations have always 
been the main methods for diagnosing GSTs. The degree of risk to patients can be evaluated by 
performing a computed tomography (CT) examination. In this study, a CT examination was performed to 
analyze the difference in CT performance between GSTs and gastric polyps, to provide the corresponding 
basis for early diagnosis of GSTs and reasonable selection of treatment methods.

Citation: Li XL, Han PF, Wang W, Shao LW, Wang YW. Multi-slice spiral computed tomography in differential 
diagnosis of gastric stromal tumors and benign gastric polyps, and gastric stromal tumor risk stratification 
assessment. World J Gastrointest Oncol 2022; 14(10): 2004-2013
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/2004.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.2004

INTRODUCTION
Gastric stromal tumors (GSTs) are mesenchymal tumors originating from Cahar mesenchymal cells, 
with malignant potential. At present, the most effective treatment is surgical resection; however, there is 
a risk of postoperative recurrence and metastasis. Gastric polyps are benign tumors of gastric 
epithelium or gastric interstitial origin, and endoscopic resection can be performed. The two tumors 
have different treatment methods, but their clinical symptoms and signs are similar[1]. Imaging 
examination has always been a common means for clinically diagnosing GSTs, which can locate the 
lesion, clarify morphological characteristics, and evaluate local invasiveness. Computed tomography 
(CT) is a commonly used diagnostic method in clinical practice. In recent years, enhanced CT 
examination has been determined to evaluate the risk of GSTs. CT examination can effectively avoid the 
influence of gastrointestinal gas and the superposition of surrounding organs on the preliminary 
diagnosis of lesions and reduce the missed diagnosis rate of lesions[2]. In this study, the imaging charac-
teristics of gastric stromal tumors and gastric polyps in this region were analyzed using multi-slice 
spiral CT (MSCT), and the GST risk stratification was also evaluated. The purpose of this study was to 
provide a basis for the early diagnosis of GST in the clinic.

MATERIALS AND METHODS
General information
Sixty-four patients (GST group), with GST confirmed by pathological examination after surgery in PLA 
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General Hospital, from January 2016 to June 2021 and 60 patients with benign gastric polyps (control 
group) were selected.

The inclusion criteria were: (1) Patients aged 19–79 years were included in the study; (2) The 
diagnostic criteria for GST and benign gastric polyps refer to the criteria in the eighth edition of the 
'Surgery' of the People's Health Press[3]; (3) All patients underwent endoscopic or surgical resection in 
our hospital for gastrointestinal surgery, as confirmed by postoperative pathological examination; (4) 
All patients underwent MSCT examination before surgery, and their imaging data were preserved 
completely; and (5) The research program was reviewed and approved by the medical ethics committee 
of our hospital. Exclusion criteria: (1) A history of chemoradiotherapy; (2) Additional with malignant 
tumors in other parts of the gastrointestinal tract; and (3) Patients with missing imaging data that could 
not be included in the statistical analysis.

MSCT inspection method
Inspection instrument: Siemens 64-row dual-source CT was used to perform the whole abdominal CT 
plain scan + enhanced examination. The scanning parameters were set as follows: tube voltage 120 kV, 
tube current, using automatic mA technology; pitch, 1.0; collimation, 128 mm × 0.6 mm, scanning layer 
thickness 3 mm, recombination layer thickness 3 mm; and matrix, 512 × 512. In the supine position, 
80–120 mL (iodine content 320 mg/mL, 1.5 mL/kg body weight) of high-pressure injector was injected 
intravenously, through the median elbow. The injection flow rate was 3–4 mL/s. The abdominal aorta 
was monitored using an injection contrast agent (trigger threshold, 100 HU) for arterial phase scanning, 
and portal venous phase and delayed phase scanning were delayed for 45 s and 90 s.

All images were entered into a medical imaging workstation, and image analysis was performed by 
two imaging physicians with more than five years of experience. The tumor location, size, growth mode, 
morphology, lesion necrosis, calcification, and lymph node hyperplasia were analyzed. The CT value 
was measured at the same level in all four stages. ROI mapping should try to avoid the surrounding 
blood vessels, fat spaces, calcification, and necrotic areas in the tumor, and the average value of each 
patient was measured three times.

GST pathological risk assessment criteria
The risk classification standard of gastrointestinal stromal tumors was based on the National Institutes 
of Health (NIH) standard, as shown in Table 1.

Statistical analysis
The age, body mass index, lesion diameter, and other measurement indices of the patients were tested 
by normal distribution, which were in accordance with the approximate normal distribution or normal 
distribution, and expressed as mean ± SD. The t-test was used for comparisons between two groups. 
The non-grade count data were expressed as a percentage, and the statistical analysis was performed 
using the χ2 test; diagnostic analysis was performed using a 2 × 2 four-fold table, diagnostic indicators 
were calculated, and a receiver operating characteristic curve was drawn. The professional SPSS21.0 
software was used for data processing, test level α = 0.05.

RESULTS
Comparison of baseline data between GST group and control group
Age, BMI, lesion diameter, gender, smoking, drinking and comorbidity were compared between GST 
group and control group (P > 0.05, Table 2).

Comparison of CT signs and parameters between GST group and control group
The lesion location, tumor shape, calcification and enhancement pattern of GST group and control 
group were compared (P > 0.05). The incidence of extraluminal growth, blurred boundary and ulcer in 
CST group was significantly higher than that in control group (P < 0.05) (Table 3).

Comparison of CT values between GST group and control group
CT values of GST group and control group in venous phase and delayed phase were compared (P > 
0.05); the CT values and enhanced peak CT values in the arterial phase in the CST group were higher 
than those in the control group (P < 0.05) (Table 4).

Value of MSCT in differential diagnosis of GST and gastric polyps
The pathological results and the diagnostic results of MSCT signs parameters were used to draw a 2 × 2 
quadrangle, and the results showed that the sensitivity of MSCT in the differential diagnosis of GST and 
gastric polyps was 73.44%, the specificity was 83.33%, the misdiagnosis rate was 26.56%, the missed 
diagnosis rate was 16.67%, and the AUC value was 0.784 (Table 5, Figure 1A).
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Table 1 National Institutes of Health evaluation criteria for gastric stromal tumor pathological risk

GST Hazard classification Lesion diameter (cm) Mitosis (/50HPF) Primary tumor location

Very low risk < 2.0 ≤ 5.0 Any position

Low risk 2.1 - 5.0 ≤ 5.0 Any position

Medium risk 2.1 - 5.0 > 5.0 Stomach

< 5.0 6.0 - 1.0 Any position

5.0 - 10.0 ≤ 5.0 Stomach

High risk Any case Any case Tumor rupture

> 10.0 Any case Any position

Any case > 10.0 Any position

> 5.0 > 5.0 Any position

2.1 - 5.0 > 5.0 Non-stomach

5.0 - 10.0 ≤ 5.0 Non-stomach

GST: Gastric stromal tumor.

Table 2 Comparison of baseline data between gastric stromal tumor group and control group, n (%)

Normal information GST group (n = 64) Control group (n = 60) t/χ2 value P value

Age (yr) 56.9 ± 8.2 59.0 ± 7.5 -1.485 0.140

BMI (kg/m2) 24.7 ± 2.4 24.4 ± 2.3 0.710 0.479

Lesion diameter (cm) 2.98 ± 0.77 3.05 ± 0.80 -0.496 0.620

Gender 1.542 0.214

Male 37 (57.81) 28 (46.67)

Female 27 (42.19) 32 (53.33)

Smoking 1.663 0.197

Yes 24 (37.5) 16 (26.67)

No 40 (62.5) 44 (73.33)

Drinking 1.592 0.207

Yes 25 (39.06) 17 (28.33)

No 39 (60.94) 43 (71.67)

Diabetes 0.776 0.378

Yes 9 (14.06) 12 (20.00)

No 55 (85.94) 48 (80.00)

Hypertension 2.940 0.086

Yes 15 (23.44) 7 (11.67)

No 49 (76.56) 53 (88.33)

GST: Gastric stromal tumor; BMI: Body mass index.

Receiver operating characteristic (ROC) curve was drawn by arterial phase CT value and enhanced 
peak CT value, respectively. The results showed that the sensitivity, specificity, misdiagnosis rate, 
missed diagnosis rate and AUC value of arterial phase CT value in the differential diagnosis of GST and 
gastric polyps were 80.18%, 62.20%, 19.82%, 37.80% and 0.710, respectively. The sensitivity, specificity, 
misdiagnosis rate, missed diagnosis rate and AUC value of enhanced peak CT value in the differential 
diagnosis of GST and gastric polyps were 67.63%, 60.40%, 32.37%, 39.60% and 0.710, respectively 
(Figure 1B).
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Table 3 Comparison of computed tomography signs and parameters between gastric stromal tumor group and control group, n (%)

CT signs GST group (n = 64) Control group (n = 60) χ2 value P value

Lesion location 4.174 0.383

Fundus of stomach 12 (18.75) 14 (23.33)

Cardia 6 (9.38) 8 (13.33)

Greater curvature of the stomach 26 (40.63) 17 (28.33)

Lesser curvature of stomach 11 (17.19) 7 (11.67)

Gastric antrum 9 (14.06) 14 (23.33)

Tumor shape 3.228 0.072

Smooth 50 (78.13) 54 (90.00)

Lobulated 14 (21.88) 6 (10.00)

Growth pattern 41.177 0.000

Intraluminal 22 (34.38) 54 (90.00)

Extraluminal 32 (50.00) 6 (10.00)

Mixed way 10 (15.63) 0 (0.00)

Calcification 1.166 0.280

Yes 5 (7.81) 2 (3.33)

No 59 (92.19) 58 (96.67)

Lesion border 31.312 0.000

Clear 11 (17.19) 40 (66.67)

Blurry 53 (82.81) 20 (33.33)

Reinforcement 3.725 0.054

Uniform 54 (84.38) 57 (95.00)

Uneven 10 (15.63) 3 (5.00)

Ulcer 9.771 0.002

Yes 18 (28.13) 4 (6.67)

No 46 (71.88) 56 (93.33)

GST: Gastric stromal tumor; CT: Computed tomography.

Table 4 Comparison of computed tomography values between gastric stromal tumor group and control group (mean ± SD, HU)

Groups n Arterial phase Venous phase Delay period Reinforcement peak

GST group 64 63.98 ± 14.38 59.04 ± 12.74 66.58 ± 11.47 75.58 ± 12.88

Control group 60 47.61 ± 11.04 56.48 ± 14.20 64.72 ± 9.83 64.46 ± 10.94

t value -7.137 -1.054 -0.971 -5.192

P value 0.000 0.294 0.333 0.000

GST: Gastric stromal tumor.

Comparison of CT sign parameters in GST groups with different risk classifications
According to NIH classification standard, there were 23 high-risk patients, 17 middle-risk patients and 
24 Low-risk patients in GST group. The incidence of blurred lesion boundary and ulceration in the high-
risk group was significantly higher than that in the low-risk group (P < 0.05) (Table 6).
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Table 5 Multi-slice spiral computed tomography differential diagnosis of gastric stromal tumor and gastric polyps 2 × 2 four-table table

Pathology
MSCT

GST Benign polyp
Total

GST 47 10 57

Benign polyp 17 50 67

Total 64 60 124

MDCT: Multi-slice spiral computed tomography; GST: Gastric stromal tumor.

Table 6 Comparison of computed tomography sign parameters in gastric stromal tumor groups with different risk classes, n (%)

CT signs Low-intermediate-risk group (n = 41) High-risk group (n = 23) χ2 value P value

Lesion location 2.180 0.703

Fundus of stomach 7 (17.07) 5 (21.74)

Cardia 4 (9.76) 2 (8.70)

Greater curvature of the stomach 15 (36.59) 11 (47.83)

Lesser curvature of stomach 9 (21.95) 2 (8.70)

Gastric antrum 6 (14.63) 3 (13.04)

Tumor shape 1.539 0.215

Smooth 34 (82.93) 16 (69.57)

Lobulated 7 (17.07) 7 (30.43)

Growth pattern 5.520 0.063

Intraluminal 17 (41.46) 5 (21.74)

Extraluminal 16 (39.02) 16 (69.57)

Mixed way 8 (19.51) 2 (8.70)

Calcification 0.039 0.844

Yes 3 (7.32) 2 (8.70)

No 38 (92.68) 21 (91.3)

Lesion border 4.158 0.041

Clear 10 (24.39) 1 (4.35)

Blurry 31 (75.61) 22 (95.65)

Reinforcement 0.181 0.670

Uniform 34 (82.93) 20 (86.96)

Uneven 7 (17.07) 3 (13.04)

Ulcer 4.187 0.041

Yes 8 (19.51) 10 (43.48)

No 33 (80.49) 13 (56.52)

CT: Computed tomography.

Comparison of CT values of patients in GST groups with different risk classifications
The arterial phase CT value and enhanced peak CT value in the high-risk group were significantly 
higher than those in the low-risk group (P < 0.05) (Table 7).
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Table 7 Comparison of computed tomography values of patients in gastric stromal tumor groups with different risk classes (mean ± 
SD)

Group n Arterial phase Venous phase Delay period Reinforcement peak

Low-intermediate-risk group 41 55.71 ± 13.77 57.94 ± 12.51 64.83 ± 11.20 72.66 ± 12.46

High-risk group 23 78.72 ± 12.66 61.00 ± 11.96 69.70 ± 10.85 80.79 ± 12.37

t value -6.598 -0.954 -1.688 -2.511

P value 0.000 0.344 0.097 0.015

Figure 1 Receiver operating characteristic curve. A: Receiver operating characteristic (ROC) curve of multi-slice spiral computed tomography (MSCT) in 
differential diagnosis of gastric stromal tumor (GST) and gastric polyps; B: ROC curve of differential diagnosis of GST and gastric polyps by peak CT value of arterial 
phase enhancement.

DISCUSSION
GSTs are common mesenchymal tumors of the digestive system. Benign gastric polyps are common 
benign tumors of the stomach, but their clinical symptoms are not distinguished. Therefore, if an 
accurate diagnosis is not made prior to surgery, the treatment options will be affected[3]. CT has always 
been an important method for the clinical diagnosis of gastrointestinal tumors. It can distinguish the 
location, size, shape, and internal structure of the tumor and also distinguish the relationship between 
the tumor and the surrounding tissue structure. In particular, enhanced CT can be used to analyze the 
lesion details[4,5].

This study analyzed the differences between GSTs and benign tumors on CT scans. GSTs are rich in 
blood supply; therefore, they are prone to bleeding and cause cystic necrosis within the tumor, and 
calcification is relatively common with the progression of the disease. Benign tumors, owing to their 
slow growth, show homogeneous soft tissue masses with relatively clear boundaries and regular 
morphology. Cystic necrosis and calcification of tumors are rare[6,7]. In this study, the incidence of 
extraluminal growth, blurred boundaries, and ulcers in the CST group was significantly higher than that 
in the benign tumor group, indicating that GSTs show extraluminal growth, blurred boundaries, and 
ulcers, which is of great significance for the identification of GSTs and benign tumors. Some scholars 
have reported that malignant tumors grow rapidly and have different rates of extension in various 
directions, resulting in irregular shapes such as lobulation. Benign tumors are mostly round, oval, and 
other regular shapes, owing to the uniform expansion of the growth mode around them. The higher the 
risk, the more irregular the shape; the more uneven the internal density and the greater the probability 
of necrosis, liquefaction, and bleeding. These results are consistent with those of this study[8,9].

This study also analyzed the difference between contrast-enhanced CT in the differential diagnosis of 
gastric stromal and benign tumors. Previous studies have found that contrast-enhanced CT has little 
significance in the differential diagnosis of gastric stromal and benign tumors. The main reason is that 
both tumors originate from the gastric submucosa interstitial tissue, and there is little difference in 
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blood supply between tumors, which leads to obvious enhancement in contrast-enhanced CT[10]. In this 
study, there was no difference in CT values between the GST and control groups in the venous and 
delayed phases, but the CT values and enhanced peak CT values of the CST group were higher than 
those of the control group in the arterial phase. We believe that the enhancement examination can reveal 
a cluster-like small vascular shadow around the tumor. Previous studies have suggested that 
enhancement may be related to the malignant degree of the tumor, and a low malignant degree of the 
tumor may lead to uniform and moderate enhancement, or tumor necrosis and cystic degeneration[11-
14]. ROC curve analysis showed that the arterial CT value and enhanced peak CT value had a certain 
sensitivity and specificity in the differential diagnosis of GST and gastric polyps.

The NIH grading standard has been commonly used for assessing the risk of GSTs in clinical practice. 
The degree of risk is mainly divided according to mitosis, tumor size, primary site, and rupture. In this 
study, the lesion boundary of the high-risk group was blurred, and the incidence of ulceration in the 
lesion was significantly higher than that in the low-risk group[15,16]. Further analysis of the enhanced 
CT results showed that the arterial phase CT value and enhanced peak CT value of the high-risk group 
were significantly higher than those of the low-risk group, indicating that the blood supply in GSTs was 
rich, mainly due to the rapid proliferation of malignant tumor blood vessels. Therefore, in addition to 
vascular penetration, blood vessels can also be observed on CT examination[17,18]. Some scholars have 
reported that GSTs show mild-to-moderate homogeneous enhancement on contrast-enhanced scanning. 
With different degrees of malignancy, homogeneous or inhomogeneous enhancement was observed. 
Especially, the enhancement degree less than 15.4 Hu in the arterial phase was an important indicator 
for distinguishing benign tumors from GSTs, which was primarily consistent with the results of this 
study[19,20].

This study analyzed the differences between GSTs and benign gastric polyps on contrast-enhanced 
CT examination and confirmed that CT examination has a certain reference value for the identification 
of the two diseases. Concurrently, it also confirmed the difference in the degree of disease risk in CT 
examinations, which could provide the corresponding diagnostic basis for clinical differential diagnosis 
and risk assessment of GSTs. However, the number of samples included in this study was relatively 
small, and this was a single-center study, which may have regional differences. Moreover, it is not 
possible to analyze the CT texture differences and whether there is a difference in the size of the GSTs 
on CT examination. Therefore, it is necessary to expand the sample size and conduct stratified research 
to further demonstrate and analyze our results.

CONCLUSION
In conclusion, preoperative MSCT examination has important value in the differential diagnosis of GST 
and benign gastric polyps and can effectively evaluate the risk classification of GST patients.

ARTICLE HIGHLIGHTS
Research background
The malignant tendency and complex features of gastric stromal tumors (GSTs) seriously threaten 
human health.

Research motivation
Multi-slice spiral computed tomography (MSCT) is widely used in clinical practice. We try to apply it in 
the differential diagnosis and risk stratification of GSTs and benign gastric polyps, hoping to obtain 
valuable clues that can guide the clinical practice.

Research objectives
This study aimed to clarify the manifestations of GSTs and benign gastric polyps in multi-slice 
computed tomography, including diagnostic value and risk stratification.

Research methods
The differences and risk stratification characteristics of MSCT imaging parameters and contrast-
enhanced CT between patients with GST confirmed by pathological examination after surgery and 
patients with benign gastric polyps were retrospectively analyzed.

Research results
There are significant differences in MSCT characteristics and enhancement characteristics between GST 
and gastric polyps, and the MSCT characteristics and enhancement characteristics of GST in different 
risk stratifications are also different. MSCT has higher value in the identification and risk stratification 
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of GST and gastric polyps.

Research conclusions
Preoperative application of MSCT to distinguish GST from benign gastric polyps is of high value, and it 
is also feasible to classify the risk level of GST patients.

Research perspectives
We recommend preoperative MSCT to distinguish GST from benign gastric polyps and to classify GST 
patients at risk.
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Abstract
BACKGROUND 
Multiple classes of molecular biomarkers have been studied as potential 
predictors for rectal cancer (RC) response. Carcinoembryonic antigen (CEA) is the 
most widely used blood-based marker of RC and has proven to be an effective 
predictive marker. Cancer antigen 19-9 (CA19-9) is another tumor biomarker used 
for RC diagnosis and postoperative monitoring, as well as monitoring of the 
therapeutic effect. Using a panel of tumor markers for RC outcome prediction is a 
practical approach.

AIM 
To assess the predictive effect of pre-neoadjuvant chemoradiotherapy (NCRT) 
CEA and CA19-9 levels on the prognosis of stage II/III RC patients.

METHODS 
CEA and CA19-9 levels were evaluated 1 wk before NCRT. According to the 
receiver operating characteristic curve analysis, the optimal cut-off point of CEA 
and CA19-9 levels for the prognosis were 3.55 and 19.01, respectively. The novel 
serum tumor biomarker (NSTB) scores were as follows: score 0: Pre-NCRT CEA < 
3.55 and CA19-9 < 19.01; score 2: Pre-NCRT CEA > 3.55 and CA19-9 > 19.01; score 
1: Other situations. Pathological information was recorded according to histopath-
ological reports after the operation.

RESULTS 
In the univariate analysis, pre-NCRT CEA < 3.55 [P = 0.025 for overall survival 
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(OS), P = 0.019 for disease-free survival (DFS)], pre-NCRT CA19-9 < 19.01 (P = 0.014 for OS, P = 
0.009 for DFS), a lower NSTB score (0-1 vs 2, P = 0.009 for OS, P = 0.005 for DFS) could predict a 
better prognosis. However, in the multivariate analysis, only a lower NSTB score (0-1 vs 2; for OS, 
HR = 0.485, 95%CI: 0.251-0.940, P = 0.032; for DFS, HR = 0.453, 95%CI: 0.234-0.877, P = 0.019) and 
higher pathological grade, node and metastasis stage (0-I vs II-III; for OS, HR = 0.363, 95%CI: 0.158-
0.837, P = 0.017; for DFS, HR = 0.342, 95%CI: 0.149-0.786, P = 0.012) were independent predictive 
factors.

CONCLUSION 
The combination of post-NCRT CEA and CA19-9 was a predictive factor for clinical stage II/III RC 
patients receiving NCRT, and the combined index had a stronger predictive effect.

Key Words: Rectal cancer; Neoadjuvant chemoradiotherapy; Scoring system; Carcinoembryonic antigen; 
Carbohydrate antigen 19-9; Predictive

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Tumor microenvironment (TME) combined with neoadjuvant chemotherapy (NCRT) is the 
standard treatment for resectable stage II/III rectal cancer (RC). Multiple classes of molecular biomarkers 
have been studied as potential predictors for RC response but there is no sufficient evidence for any of 
them to be introduced into clinical practice. By retrospectively evaluating clinical stage II/III RC patients 
undergoing NCRT followed by standard TME, we found that the combination of NCRT carcinoembryonic 
antigen and carbohydrate antigen 19-9 levels could be a prognostic predictor for clinical stage II/III RC 
patients receiving NCRT, and the combined indexes had a stronger predictive effect than the index alone.

Citation: Zhao JY, Tang QQ, Luo YT, Wang SM, Zhu XR, Wang XY. Predictive value of a serum tumor 
biomarkers scoring system for clinical stage II/III rectal cancer with neoadjuvant chemoradiotherapy. World J 
Gastrointest Oncol 2022; 14(10): 2014-2024
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/2014.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.2014

INTRODUCTION
In the United States, tumor microenvironment (TME) combined with neoadjuvant chemotherapy 
(NCRT) is the standard treatment for resectable stage II/III rectal cancer (RC)[1-3]. Although numerous 
studies have shown that NCRT can reduce the rate of local recurrence, it is difficult to improve overall 
survival (OS)[4-6]. Multiple classes of molecular biomarkers have been studied as potential predictors 
for RC response but there is no sufficient evidence for any of them to be introduced into clinical practice
[7]. Moreover, additional systematic chemotherapy could increase the toxicity [8,9]. Therefore, it is 
critical to identify predictive factors for clinical stage II/III patients and give additional chemotherapy 
or more aggressive treatment strategies.

Pathological indicators are generally considered to be the most effective predictive factors[10,11]. 
Unfortunately, pathological characteristics are difficult to obtain and quantitate and are usually affected 
by the operation and specimen-processing quality[8,9]. Moreover, the pathological indicators, which can 
only be obtained after surgery, do not assist in judging whether patients need additional chemotherapy 
before undergoing NCRT or surgery.

A glycoprotein, carcinoembryonic antigen (CEA), is the most widely used blood-based marker of RC 
and has proven to be an effective predictive marker[12-14]. According to You et al[15], the increment in 
postoperative serum CEA levels (CEA < 5 vs > 5) was an independent predictor of a poor prognosis. 
However, the major problem with the use of CEA as a marker of RC is its association with other types of 
cancer and benign diseases (inflammatory bowel disease)[16-18]. Cancer antigen 19-9 (CA19-9) is 
another tumor biomarker used for RC diagnosis and postoperative monitoring, as well as monitoring of 
the therapeutic effect[19,20]. Due to the highly heterogeneous nature of RC, a single tumor marker is 
unlikely to become a stand-alone predictive factor. Using a panel of tumor markers for RC outcome 
prediction is a practical approach.

In this study, we analyzed the predictive value of the combination of pre-NCRT serum tumor 
markers (CEA and CA19-9) in clinical stage II/III RC patients.
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MATERIALS AND METHODS
Patients screening
We retrospectively evaluated clinical stage II/III RC patients undergoing NCRT followed by standard 
TME in our hospital from February 2011 to August 2020. We included the following categories of 
patients: (1) Patients receiving preoperative NCRT; (2) patients with colorectal adenocarcinoma 
confirmed by pathological biopsy; (3) patients whose serum CEA and CA19-9 levels were measured 
within one week before NCRT; and (4) patients undergoing NCRT followed by standard TME. We 
excluded the following categories of patients: (1) Patients with distal metastasis; (2) patients with other 
concomitant tumors; (3) patients with insufficient blood, clinicopathological, or follow-up data; and (4) 
patients with unresectable RC. The patient-screening flowchart is shown in Figure 1.

This retrospective study was approved by the ethics committee of our hospital. The requirement for 
patients’ informed consent was waived due to the retrospective nature of the study.

Treatment and follow-up of patients
All patients in this study received NCRT followed by standard TME. Their CEA and CA19-9 levels were 
evaluated within 1 wk pre-NCRT. Pathological, node and metastasis (TNM) stages and histological 
grades were noted according to histopathological reports. The receiver operating characteristic (ROC) 
curve was adopted to determine the best cut-off values of pre-NCRT CEA and CA19-9 levels for 
predicting OS. The novel serum tumor biomarker (NSTB) scores were as follows: score 0: Pre-NCRT 
CEA < 3.55 and CA19-9 < 19.01; score 2: Pre-NCRT CEA > 3.55 and CA19-9 > 19.01; score 1: Pre-NCRT 
CEA < 3.55 and CA19-9 > 19.01 or pre-NCRT CEA > 3.55 and CA19-9 < 19.01.

Postoperative follow-up was performed according to the National Comprehensive Cancer Network 
guidelines[13]. Generally, patients were followed up clinically and radiographically at three-month 
intervals in the first 2 years after surgery, then every 6 mo for 3 years, and annually thereafter[13]. 
Follow-up data were obtained from medical records, telephone follow-ups, out-patient clinics, or visits.

OS was defined as the survival time until death by any reason[21]. DFS was defined as the time-lapse 
between surgery and either RC recurrence or death[22]. Patients lost to follow-up or still alive at the 
final follow-up were included in the analysis as censored data[21].

Statistical analysis
Data were analyzed using SPSS for Windows (IBM Corp. Released 2013. IBM SPSS Statistics for 
Windows, Version 22.0. Armonk, NY: IBM Corp.). Continuous data were described in terms of the 
median and interquartile range (IQR) whereas categorical variables were described in terms of 
frequencies and percentages. Significant parameters identified in the univariate analysis (P < 0.05) were 
entered into the multivariate Cox regression analysis to determine independent predictive factors[23,
24]. All statistical tests were two-sided, and a P value of < 0.05 was considered statistically significant
[25].

In general, pathological characteristics have the strongest predictive value for patient outcomes[21]. 
To compare the predictive effect of the NSTB score, several pathological indicators were included. To 
prevent the effects of pre-NCRT CEA and CA19-9 levels on the NSTB score, two models, one including 
and the other excluding the NSTB score in the multivariate analysis, were established.

RESULTS
Patient characteristics
Eighty-seven (36.7%) patients were female and 150 (63.3%) were male. The distribution of the patients 
according to pathological evaluation was as follows: vascular invasion was detected in 13 (5.5%) 
patients, lymphatic invasion in 13 (5.5%) patients, perineural invasion in 41 (17.3%) patients, and 
circumferential resection margin (CRM) positivity in 8 (3.8%) patients. Regarding the pathological TNM 
classification, 45 (19.0%) patients were in stage 0, 57 (24.1%) were in stage I, 72 (30.4%) were in stage II, 
and 63 (26.6%) were in stage III (Table 1). A total of 118 (49.8%) patients were in pT stage 0-2 while 119 
(50.2%) were in pT stage 3-4. Sixty (25.3%) patients had pN metastases while 177 (74.7%) did not have 
pN metastases. The median (IQR) level of pre-NCRT CEA was 4.15 (2.18-10.07) and that of pre-NCRT 
CA19-9 was 13.56 (7.80-25.40).

During follow-up, 9 (3.8%) patients were lost to follow-up and 36 (15.2%) developed cancer 
recurrence and died.

Kaplan-Meier curves stratified by pre-NCRT CEA, CA19-9, and the NSTB score
ROC curves identified the optimal cut-off for survival prediction by pre-NCRT CEA and CA19-9 were 
3.55 and 19.01, respectively. They divided patients into different groups. Figures 2-4A show the OS of 
included patients stratified by pre-NCRT CEA, CA19-9, and the NSTB score, respectively, and Figures 2-
4B show their DFS stratified by the same parameters. According to the Kaplan–Meier curves, increased 
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Table 1 Clinicopathological characteristics

Features Median (IQR)

Pre-NCRT CEA 4.15 (2.18-10.07)

Pre-NCRT CA19-9 13.56 (7.80-25.40)

Age in yr 57.0 (50.0-66.5)

Sex

Male 150

Female 87

Pathological T stage

T0-2 118

T3-4 119

Pathological N stage

N0 177

N+ 60

Pathological TNM stage

0 45

I 57

II 72

III 63

Pathological vascular invasion

Yes 13

No 224

Pathological lymphatic invasion

Yes 13

No 224

Pathological perineural invasion

Yes 41

No 196

Pathological CRM

Positive 8

Negative 229

NCRT: Neoadjuvant chemoradiotherapy; CEA: Carcinoembryonic antigen; CA19-9: Cancer antigen 19-9; TNM: Tumor, node and metastasis; CRM: 
Circumferential resection margin; IQR: Interquartile range.

pre-NCRT CEA and CA19-9 levels and higher NSTB scores were all associated with decreased OS and 
DFS.

Cox regression analysis of factors affecting the prognosis
Possible clinicopathological parameters that may predict patient outcome were reviewed. In the 
univariate analysis, pre-NCRT CEA > 3.55, pre-CA19-9 > 19.01, a higher pathological TNM stage, and a 
higher NSTB score were significantly associated with decreased OS (Table 2) and DFS (Table 3).

In the multivariate analysis of OS (Table 4), only a lower pathological TNM stage (stage 0-I vs II-III, 
HR = 0.363, 95%CI: 0.158-0.837, P = 0.017) and the NSTB score (score 0-1 vs 2, HR = 0.485, 95%CI: 0.251-
0.940, P = 0.032) were significant predictors of a better outcome while pre-NCRT CEA < 3.55 (HR = 
0.529, 95%CI: 0.23-1.205, P = 0.130) and CA19-9 < 19.01 (HR = 0.604, 95%CI: 0.300-1.215, P = 0.158) were 
not. In the multivariate analysis of DFS (Table 5), a lower pathological TNM stage (stage 0-I vs II–III, HR 
= 0.342, 95%CI: 0.149-0.786, P = 0.012) and the NSTB score (score 0-1 vs 2, HR = 0.453, 95%CI: 0.234-
0.877, P = 0.019) could also predict a better outcome while pre-NCRT CEA < 3.55 (HR = 0.521, 95%CI: 
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Table 2 Univariate analysis of factors affecting the overall survival

Characteristics HR (95%CI) P value

Pre-NCRT CEA (< 3.55/> 3.55) 0.407 (0.185-0.893) 0.025

Pre-NCRT CA19-9 (< 19.01/> 19.01) 0.437 (0.225-0.849) 0.014

Sex (male/female) 0.478 (0.218-1.049) 0.066

Pathological TNM stage (0-I/II-III) 0.321 (0.141-0.732) 0.007

Pathological vascular invasion (absent/present) 0.556 (0.170-1.821) 0.332

Pathological lymphatic invasion (absent/present) 0.400 (0.141-1.136) 0.085

Pathological perineural invasion (absent/present) 0.534 (0.250-1.141) 0.105

Pathological CRM (negative/positive) 0.826 (0.198-3.449) 0.793

NSTB score (0-1/2) 0.416 (0.217-0.800) 0.009

NCRT: Neoadjuvant chemoradiotherapy; CEA: Carcinoembryonic antigen; CA19-9: Cancer antigen 19-9; TNM: Tumor, node and metastasis; CRM: 
Circumferential resection margin; NSTB: Novel serum tumor biomarker score.

Table 3 Univariate analysis of factors affecting disease-free survival

Characteristic HR (95%CI) P value

Pre-NCRT CEA (< 3.55/> 3.55) 0.391 (0.178-0.859) 0.019

Pre-NCRT CA19-9 (< 19.01/> 19.01) 0.413 (0.213-0.802) 0.009

Sex (male/female) 0.466 (0.213-1.023) 0.057

Pathological TNM stage (0-I/II-III) 0.302 (0.132-0.690) 0.005

Pathological vascular invasion (absent/present) 0.571 (0.175-1.863) 0.353

Pathological lymphatic invasion (absent/present) 0.435 (0.154-1.231) 0.117

Pathological perineural invasion (absent/present) 0.595 (0.279-1.265) 0.177

Pathological CRM (negative/positive) 0.657 (0.158-2.738) 0.564

NSTB score (0-1/2) 0.391 (0.203-0.751) 0.005

NCRT: Neoadjuvant chemoradiotherapy; CEA: Carcinoembryonic antigen; CA19-9: Cancer antigen 19-9; TNM: Tumor, node and metastasis; CRM: 
Circumferential resection margin; NSTB: Novel serum tumor biomarker score.

0.226-1.162, P = 0.109) and CA19-9 < 19.01 (HR = 0.570, 95%CI: 0.284-1.141, P = 0.112) could not. The 
nomogram of OS (Figure 5) and DFS (Figure 6) shows the precise prognosis.

DISCUSSION
Our data showed that the combination of pre-NCRT tumor markers had better predictive value than a 
single marker. Although univariate analyses demonstrated that lower pre-NCRT CEA and CA19-9 
levels were potential indicators of a better prognosis, the multivariate analysis proved that only the 
NSTB score and pathological TNM stage could independently determine the prognosis. In general, 
pathological indicators had a more robust predictive value than other indicators in determining the 
prognosis[8]; however, the multivariate analysis revealed that the NSTB score could predict outcomes 
better than pathological characteristics of lymphatic invasion, vascular invasion, nerve infiltration, and 
CRM invasion. Thus, we propose that the NSTB score should be used to guide the treatment and 
determine the prognosis of patients with RC of clinical stage II/III.

Pathological findings were generally recognized as the most effective indicators to predict the 
prognosis[8]. A previous study revealed that lymphatic invasion, perineural invasion, vascular invasion, 
CRM invasion, LN metastasis, and a higher tumor invasion stage can predict a worse outcome[4]. 
However, pathological characteristics were difficult to identify as they are usually affected by the 
quality of surgery and specimen-processing, and their analysis is significantly subjective and difficult to 
quantitate[15]. Moreover, pathological indicators could only be obtained after surgery, which means 
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Table 4 Multivariate analysis of factors affecting the overall survival

Multivariate analysis

Model 1 Model 2Characteristic

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

Pre-NCRT CEA (< 3.55/> 3.55) 0.529 (0.232-1.205) 0.130

Pre-NCRT CA19-9 (< 19.01/> 19.01) 0.604 (0.300-1.215) 0.158

Pathological TNM stage (0-I/II-III) 0.373 (0.162-0.859) 0.020 0.363 (0.158-0.837) 0.017

NSTB score (0-1/2) 0.485 (0.251-0.940) 0.032

Model 1: Including pre-neoadjuvant chemoradiotherapy (NCRT) carcinoembryonic antigen (CEA) and cancer antigen 19-9 (CA19-9) into multivariate 
analysis, not including novel serum tumor biomarker (NSTB) score; Model 2: Including NSTB score into multivariate analysis, not including pre-NCRT 
CEA and CA19-9. NCRT: Neoadjuvant chemoradiotherapy; CEA: Carcinoembryonic antigen; CA19-9: Cancer antigen 19-9; NSTB: Novel serum tumor 
biomarker score; TNM: Tumor, node and metastasis.

Table 5 Multivariate analysis of factors affecting the disease-free survival

Multivariate analysis

Model 1 Model 2Characteristic

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

Pre-NCRT CEA (< 3.55/> 3.55) 0.512 (0.226-1.162) 0.109

Pre-NCRT CA19-9 (< 19.01/> 19.01) 0.570 (0.284-1.141) 0.112

Pathological TNM stage (0-I/II-III) 0.350 (0.152-0.806) 0.014 0.342 (0.149-0.786) 0.012

NSTB score (0-1/2) 0.453 (0.234-0.877) 0.019

Model 1: Including pre-neoadjuvant chemoradiotherapy (NCRT) carcinoembryonic antigen (CEA) and cancer antigen 19-9 (CA19-9) into multivariate 
analysis, not including novel serum tumor biomarker (NSTB) score; Model 2: Including NSTB score into multivariate analysis, not including pre-NCRT 
CEA and CA19-9. NCRT: Neoadjuvant chemoradiotherapy; CEA: Carcinoembryonic antigen; CA19-9: Cancer antigen 19-9; NSTB: Novel serum tumor 
biomarker score; TNM: Tumor, node and metastasis.

that it was impossible to judge whether patients needed additional chemotherapy before undergoing 
NCRT or surgery. Moreover, the NSTB score could be obtained before NCRT and surgery.

Some molecules or proteins can determine a patient’s prognosis. Lin et al[26] reported that the high 
expression of EphA4 served as an independent adverse predictor for DFS. Rödel et al[27] found that an 
increase in survivin levels was a significant risk factor for local recurrence and decreased DFS. Hiyoshi 
et al[28] demonstrated that serum miR-143 was a non-invasive and novel predictive marker for locally 
advanced rectal cancer (LARC) patients. Unfortunately, all of these molecular or protein markers had 
the following disadvantages: First, the detection cost of these markers was high, which increased the 
economic burden for patients; second, these novel markers could only be detected in large medical 
centers, which made them difficult to be used widely in clinical practice; finally, these new indicators 
lack uniform standards, and the test results may vary a lot in different medical centers. CEA and CA19-9 
levels are widely used clinically because they are cheap, convenient to detect, and have uniform 
standards in different hospitals.

CEA is currently one of the primary markers for the diagnosis and follow-up of RC[2,18,19]. We 
found that lower CEA levels could predict a better prognosis in a univariate analysis. CA19-9 has shown 
great value for the differential diagnosis of malignant tumors and disease monitoring and evaluation
[19]. Compared to either CA19-9 or CEA alone, an essential advantage of the combination was that it 
could reduce the interference of other factors and increase the predictive effectiveness. Although some 
studies also focused on the influence of CEA and CA19-9 levels on the prognosis, the two markers were 
studied separately[2,18-20,29]. Consequently, they failed to identify CEA and CA19-9 as predictive 
factors, which was similar to our findings. However, the predictive value increased significantly and 
was even stronger than that of several pathological factors when they were combined.

Our study had a few strengths: Firstly, to the best of our knowledge, this is the first study that 
combined CEA and CA19-9 to evaluate the prognosis of clinical stage II/III patients undergoing NCRT. 
Secondly, we adopted an ROC curve to determine the cut-off point of CEA and CA19-9 instead of just 
evaluating whether they were higher than the normal values, which optimized the efficiency of the OS 
prediction. Ultimately, the NSTB score was cheap and easily accessible before treatment.
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Figure 1 Patient-screening flowchart. NCRT: Neoadjuvant chemoradiotherapy; TME: Tumor microenvironment; RC: Rectal cancer; CEA: Carcinoembryonic 
antigen; CA19-9: Cancer antigen 19-9.

Figure 2 Overall survival curves and disease-free survival curves stratified by pre-neoadjuvant chemoradiotherapy carcinoembryonic 
antigen levels. A: Overall survival curves stratified by pre-neoadjuvant chemoradiotherapy carcinoembryonic antigen (CEA) levels; B: Disease-free survival curves 
stratified by pre-neoadjuvant chemoradiotherapy CEA levels. NCRT: Neoadjuvant chemoradiotherapy; CEA: Carcinoembryonic antigen; OS: Overall survival; DFS: 
Disease-free survival.

Our study also had some shortcomings. First, this was a retrospective study conducted in a single 
medical center. Second, the cut-off points of pre-NCRT CEA and CA19-9 levels in our center may not 
always be reproducible in other centers.

CONCLUSION
This study established a NSTB score by combining pre-NCRT CEA and CA19-9 levels. The NSTB score 
can independently predict the prognosis of patients with LARC of clinical stage II/III who underwent 
NCRT. Its predictive value was stronger than that of either marker alone, and even some pathologic 
characteristics.
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Figure 3 Overall survival curves and disease-free survival curves stratified by pre-neoadjuvant chemoradiotherapy cancer antigen 19-9 
levels. A: Overall survival curves stratified by pre-neoadjuvant chemoradiotherapy cancer antigen 19-9 (CA19-9) levels; B: Disease-free survival curves stratified by 
pre-neoadjuvant chemoradiotherapy CA19-9 levels. CA19-9: Cancer antigen 19-9; OS: Overall survival; DFS: Disease-free survival.

Figure 4 Overall survival curves and disease-free survival curves stratified by novel serum tumor biomarker scores. A: Overall survival 
curves stratified by novel serum tumor biomarker scores; B: Disease-free survival curves stratified by novel serum tumor biomarker scores. NSTB: Novel serum tumor 
biomarker; OS: Overall survival; DFS: Disease-free survival.

Figure 5 Predictive nomogram predicting overall survival in clinical stage II/III RC patients undergoing NCRT. PTNM: Pathological tumor-node- 
metastasis; NSTB: Novel serum tumor biomarker; OS: Overall survival.
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Figure 6 Predictive nomogram predicting disease-free survival in clinical stage II/III RC patients undergoing NCRT. PTNM: Pathological 
tumor-node-metastasis; NSTB: Novel serum tumor biomarker; DFS: Disease-free survival.

ARTICLE HIGHLIGHTS
Research background
Multiple classes of molecular biomarkers were studied as potential predictors for rectal cancer (RC) 
response but there was no sufficient evidence for any of them to be introduced into clinical practice.

Research motivation
To assess the predictive effect of pre-neoadjuvant chemoradiotherapy (NCRT) carcinoembryonic 
antigen (CEA) and cancer antigen 19-9 (CA19-9) levels on the prognosis of stage II/III RC patients.

Research objectives
The objective of this study is to establish a novel serum tumor biomarker score by combining pre-NCRT 
CEA and CA19-9 levels. The novel serum tumor biomarker (NSTB) score may predict the prognosis of 
patients with locally advanced rectal cancer (LARC) of clinical stage II/III who underwent NCRT 
independently.

Research methods
A total of 237 patients were included in this study. CEA and CA 19-9 levels were evaluated 1 wk before 
NCRT. The NSTB score was as follows: score 0: pre-NCRT CEA < 3.55 and CA19-9 < 19.01; score 2: pre-
NCRT CEA > 3.55 and CA19-9 > 19.01; score 1: other situations. Pathological information was recorded 
according to histopathological reports after the operation.

Research results
In the univariate analysis, pre-NCRT CEA < 3.55, pre-NCRT CA19-9 < 19.01, and a lower NSTB score 
could predict a better prognosis. However, in the multivariate analysis, only a lower NSTB score and 
higher pathological tumor-node-metastasis (TNM)  stage were independent predictive factors.

Research conclusions
We established a novel serum tumor biomarker score by combining pre-NCRT CEA and CA19-9 levels. 
The NSTB score can independently predict the prognosis of patients with LARC of clinical stage II/III 
who underwent NCRT.

Research perspectives
More accurate prediction models need to be established by studies with a larger number of patients.
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Patients with advanced gastrointestinal cancer must cope with the negative effects of cancer and 
complications.

AIM 
To evaluate psychological distress, quality of life, and coping strategies in patients with advanced 
colorectal cancer compared to non-colorectal cancer based on sex.

METHODS 
A prospective, transversal, multicenter study was conducted in 203 patients; 101 (50%) had a 
colorectal and 102 (50%) had digestive, non-colorectal advanced cancer. Participants completed 
questionnaires evaluating psychological distress (Brief Symptom Inventory-18), quality of life 
(EORTC QLQ-C30), and coping strategies (Mini-Mental Adjustment to Cancer) before starting 
systemic cancer treatment.

RESULTS 
The study included 42.4% women. Women exhibited more depressive symptoms, anxiety, 
functional limitations, and anxious preoccupation than men. Patients with non-colorectal digestive 
cancer and women showed more somatization and physical symptoms than subjects with 
colorectal cancer and men. Men with colorectal cancer reported the best health status.

CONCLUSION 
The degree of disease acceptance in gastrointestinal malignancies may depend on sex and location 
of the primary digestive neoplasm. Future interventions should specifically address sex and tumor 
site differences in individuals with advanced digestive cancer.

Key Words: Anxiety; Colorectal cancer; Depression; Gastrointestinal cancer; Sex

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with advanced gastrointestinal cancer must cope with the negative effects of cancer and 
complications. However, data on psychological distress, quality of life, and coping strategies in patients 
with advanced colorectal cancer compared to non-colorectal cancer based on sex is lacking. This was a 
multicenter study conducted in 203 patients that completed questionnaires evaluating psychological 
distress, quality of life, and coping strategies before starting systemic cancer treatment. Based on these 
data, the degree of disease acceptance in gastrointestinal malignancies may depend on sex and location of 
the primary digestive neoplasm.

Citation: Pacheco-Barcia V, Gomez D, Obispo B, Mihic Gongora L, Hernandez San Gil R, Cruz-Castellanos P, 
Gil-Raga M, Villalba V, Ghanem I, Jimenez-Fonseca P, Calderon C. Role of sex on psychological distress, quality 
of life, and coping of patients with advanced colorectal and non-colorectal cancer. World J Gastrointest Oncol 
2022; 14(10): 2025-2037
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/2025.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.2025

INTRODUCTION
Background
Gastrointestinal cancers are among the most prevalent both worldwide and in Spain[1,2]. Colorectal 
cancer is the most frequent neoplasm in Spain in both sexes[2] with close to 65% survival at 5 years, 
although this rate declines in metastatic stages and in unresectable cancers[3]. The most common non-
colorectal digestive cancers are pancreatic, gastric, and hepatocellular carcinoma, which are associated 
with a worse prognosis than colorectal cancer with a 5-year survival rate of < 5 years in the advanced 
scenery.

Individuals with advanced gastrointestinal cancer must face the negative effects (pain, malnutrition) 
and tumor-related complications (intestinal obstruction or hemorrhage). Advances made in recent years 
in anticancer treatment modalities to fight these cancers have managed to extend overall survival (OS) 
and control physical symptoms. Meanwhile, emotional distress in these cases has been correlated with 
diminished quality of life and with a negative impact on treatment compliance[4,5] and on oncological 
outcomes[6,7]. Furthermore, psychological suffering can aggravate vomiting and other side effects of 
systemic antineoplastic treatment and of the cancer itself[8-10]. For its part, the type of cancer and 

https://www.wjgnet.com/1948-5204/full/v14/i10/2025.htm
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surgery can affect the emotional distress and quality of life in individuals with a gastrointestinal 
neoplasm. In a Spanish prospective series, people with pancreatic-biliary cancer expressed more somatic 
complaints, depression, and anguish than those with colorectal cancer, whereas participants with 
gastroesophageal neoplasms suffered higher rates of depression, psychological distress, and 
hopelessness than those with colorectal cancer[11].

The relevance of contemplating sex and its influence on study outcomes is stated in the SAGER 
guidelines (Sex and Gender Equity in Research) designed to inform authors in preparing their 
manuscripts[12,13]. Sex, understood as going beyond its biological concept (chromosomal assignment) 
and founded on the basis of the roles and relationships established throughout the person’s lifetime, is a 
sociodemographic variable that can give rise to differences in the evolution as well as the clinical and 
psychological aspects of cancer[14]. This is particularly relevant in cancers such as digestive neoplasms 
that have a higher incidence in men and in which there may be an underrepresentation of women who 
may experience a different evolution and coping style that call for specific approaches[15,16].

In the case of advanced gastroesophageal tumors, women have been seen to be less likely to receive 
systemic treatment with chemotherapy when the histology is adenocarcinoma with no difference among 
patients with squamous cell tumors. This impacts survival, in as much as men display increased OS in 
esophageal adenocarcinomas with no differences in survival rates by sex in cases of esophageal 
squamous cell carcinoma in some studies, while others attribute a higher incidence of cancers having an 
unfavorable and more aggressive histology among women[17-20]. As for pancreatic cancer, differences 
in the efficacy and toxicity of chemotherapy have been observed between men and women[21,22]. 
Women receiving FOLFIRINOX are older at the time of diagnosis and exhibit higher OS rates than men, 
despite requiring an earlier dose decrease due to early toxicity, which is possibly attributable to worse 
tolerance to systemic treatment. No study has investigated whether this poor tolerance is influenced by 
psychological factors[23].

Other clinical trials have revealed a trend toward higher progression-free survival and OS in women, 
although these findings were not statistically significant[23,24]. In individuals with localized colorectal 
cancer, a large-scale German study examined sex and found that the women were older than the men, 
had a more advanced stage at the time of diagnosis, and received a lower dose intensity of 
chemotherapy, despite having greater disease-free survival and OS[25]. The more advanced stage of 
disease among women might be due to the greater acceptance of endoscopic screening by men, among 
other reasons[26-28]. Therefore, women with digestive cancers are usually diagnosed at older ages than 
men and regardless of a lower rate of chemotherapy administration and greater toxicity in general, they 
display better survival rates without any study having been conducted to probe the cause behind such 
differences and whether psychological factors may play a role.

Three key psychological factors in cancer patients are psychological distress[6], quality of life[29-31], 
and coping[32,33]. Earlier studies have reported that up to 54% of people with colorectal cancer suffer 
anxiety and 27% suffer from depression[34-36] with higher incidences among women[37]. One study 
performed in subjects with gastrointestinal cancer in Spain reported that men with colorectal cancer 
have a worse quality of life, associated with physical performance and emotional and cognitive 
functioning[38]. Oppegaard et al[39] carried out a descriptive study focusing on sex differences in 
coping strategies and noted that women scored higher on positive reframing, religion, and instrumental 
support, while men scored higher for mood. Nevertheless, the question has never been studied as to 
whether these differences are due to the person’s biological sex or if there are sex characteristics 
(acquired) or other biopsychosocial variables that modulate coping, emotional stress, and quality of life.

Objectives
The aim of our study was to analyze whether there were differences between colorectal and non-
colorectal digestive cancer in sociodemographic and/or clinical conditions and compared mental health 
status, quality of life, and coping between colorectal and non-colorectal digestive cancer patients 
depending on sex. We believe that these results may be useful to design specific preventive programs 
for each group.

MATERIALS AND METHODS
Study design 
NEOetic is a multi-institutional (22 Spanish hospitals), prospective, observational study and is part of a 
cancer patient research program funded by the Spanish Society of Medical Oncology. The study was 
approved by the Ethics Committee of each institution and by the Spanish Agency of Medicines and 
Medical Devices (identification code: ES14042015).

Participants
The study was a cohort study, and participants were 18 years of age or older with unresectable, locally 
advanced, or metastatic cancer and were candidates for systemic antineoplastic treatment. For the 
purposes of this analysis, subjects with digestive cancers were regarded and grouped as being colorectal 
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(colon and rectum) and non-colorectal digestive (esophagus, stomach, pancreas, biliary tract, liver, anal 
canal).

Setting
Patients were invited to participate in the study at the first visit with the oncologist where they were 
informed of the treatment alternatives for their cancer. Participation was voluntary, anonymous, and 
did not affect patient care. All patients included in the study signed an informed consent for their 
inclusion. The study was undertaken according to the Strengthening the Reporting of Observational 
studies in Epidemiology (STROBE) guidelines[40].

We screened 245 patients; 203 were eligible for this analysis and 42 were excluded (10 failed to meet 
the inclusion criteria, 13 met the exclusion criteria, and 19 had incomplete data at the time of analysis).

Variables and measures
Demographic and clinical data (age, sex, marital status, educational level, employment status, tumor 
location and stage, and treatment) were obtained and updated by the medical oncologist directly from 
the patients and from their records. The oncologist explained the questionnaires to the participant who 
completed them at home during the 1st month following diagnosis of advanced disease and prior to 
starting cancer treatment. The questionnaires used are validated and are described below.

Data sources/measurement
The Brief Symptom Inventory consists of 18 items divided into three dimensions (somatization, 
depression, and anxiety) as well as a total score, the Global Severity Index, which summarizes the 
respondent’s overall emotional adjustment or psychological distress over the last 7 d[41]. Each item is 
rated on a 5-point Likert scale and Cronbach’s alpha ranged between 0.81 and 0.90[42].

The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire 
(EORTC QLQ-C30) contains 30 items comprising four subscales: functioning, symptoms, health status, 
and global quality of life[43]. The response choices range from 1 (not at all) to 4 (very much), except for 
the health status scale, where responses range from 1 (very poor) to 7 (excellent). All scale scores are 
linearly transformed into a 0-100 scale. Higher scores on the functioning scales and global quality of life 
scale represent a higher level of functioning or quality of life. For the symptom scales, the higher the 
score, the greater the symptom burden. In this sample α = 0.85[44].

The Mini-Mental Adjustment to Cancer is a 29-item scale that assesses cancer-specific coping 
strategies as being adaptive (cognitive avoidance, fighting spirit, and fatalism) or maladaptive 
(helplessness and anxious preoccupation)[45]. When studying the psychometric properties of the 
Spanish translation of the scale, a 4-factor structure is found and used in this study; it includes 
helplessness, anxious preoccupation, and cognitive avoidance as well as a new subscale, positive 
attitude, that combines fighting spirit and fatalism[46]. Each item is rated on a 4-point Likert scale and 
Cronbach’s alpha coefficients for each domain ranged from 0.62-0.88[46].

Statistical analysis
Descriptive statistics were used for demographic data and survey responses. Absolute frequencies were 
used for categorical data and mean and standard deviation for quantitative data. Additional descriptive 
analyses were performed, grouping patients by cancer type. We conducted bivariate χ2 and t tests to 
examine differences between colorectal cancer and non-colorectal digestive cancer patients in terms of 
sociodemographic, clinical, and psychological characteristics.

A general linear model was created for each dependent variable (psychological distress, quality of 
life, and coping) with the different cancer type (colorectal and non-colorectal digestive); the effect of sex 
was probed, in addition to the interaction effect between sex and cancer type. All post-hoc tests were 
subjected to Bonferroni correction. All analyses were complemented with the corresponding effect size 
statistic. Reference values were established as 0.01, 0.06, and > 0.14 for small, medium, and large sizes, 
respectively, for the partial eta-square (ŋ2

p). Statistics were generated using a standard statistical 
software package IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, United 
States).

RESULTS
Participants
The study admitted 203 patients recruited during 2021. There were 101 (50%) colorectal cancer sufferers, 
and 102 (50%) had a non-colorectal digestive malignance.

Descriptive data
The sociodemographic and clinical characteristics of both groups are displayed in Table 1. Of the total 
study population, 115 (56.7%) were men and 88 (43.3%) were women. The percentage of men vs women 



Pacheco-Barcia V et al. Sex role in advanced gastrointestinal cancer

WJGO https://www.wjgnet.com 2029 October 15, 2022 Volume 14 Issue 10

Table 1 Patients’ baseline characteristics, n = 203

Total Colorectal, n = 101 Non-colorectal digestive cancer, n = 102
Characteristic

n % n % n %
P value λ

Sex 0.622 0.026

Men 115 56.7 60 59.4 55 53.9

Women 88 43.3 41 40.6 47 46.1

Age 0.028 0.081

≤ 65 yr 85 41.9 50 49.5 35 34.3

> 65 yr 118 59.1 51 50.5 67 65.7

Number of Elixhauser comorbidities (%) 0.344 0.033

≤ 4 81 39.9 37 36.6 44 43.1

> 4 122 60.1 64 63.4 58 56.9

ECOG 0.029 0.086

0 56 27.6 35 34.7 21 20.6

1 138 68.0 62 61.4 76 74.5

2 9 4.4 4 4.0 5 4.9

Marital status 0.883 0.001

Married/partnered 167 86.6 87 86.2 92 87.0

Not partnered 36 13.4 24 13.8 24 13.0

Children 0.370 0.029

Do not have children 35 17.2 15 14.9 20 19.6

Have children 168 82.8 86 85.1 82 81.4

Educational level 0.521 0.010

Primary 112 55.2 58 57.4 54 52.9

High school or higher 91 44.8 43 42.6 48 47.1

Histology 0.001 0.129

Adenocarcinoma 180 88.7 98 97.0 82 80.4

Others 23 11.3 3 3.0 20 19.6

Metastasis 0.001 0.218

Locally advanced 32 15.8 1 1.0 31 30.4

Metastatic disease 171 84.2 100 99.0 71 69.6

Biomarker 0.001 0.196

No 161 79.3 66 65.3 95 93.1

Yes 42 20.7 35 34.7 7 6.9

Estimated survival 0.001 0.776

< 18 mo 108 53.2 14 13.9 94 92.2

≥ 18 mo 95 4.8 87 86.1 8 7.8

Treatment modality 0.001 0.339

Chemotherapy 139 68.5 45 44.6 94 92.2

Combined 64 31.5 56 54.4 8 7.8

ECOG: Eastern Cooperative Oncology Group.
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in those with colorectal and non-colorectal digestive tract malignances was 60 (59.4%) to 41 (40.6%) and 
55 (53.9%) to 47 (46.1%), respectively. The median age was 65.7 years (range: 34-88, standard deviation = 
9.6).

Outcome data
Colorectal cancer patients tended to be younger than those with non-colorectal, gastrointestinal cancer (
P = 0.028, λ = 0.081). Additionally, colorectal cancer patients had a better Eastern Cooperative Oncology 
Group performance status than non-colorectal digestive cancer patients, 34.7% vs 20.6%, respectively (P 
= 0.029, λ = 0.086). Most participants were married or partnered (86.6%) with children (82.2%) and had a 
primary level of education (55.2%). All subjects were either retired or unemployed.

Of the patients with non-colorectal digestive cancer, the most common primary tumor site was the 
pancreas (54.9%, n = 56), followed by the stomach (22.5%, n = 23), esophagus (8.8%, n = 9), biliary tract 
(6.9%, n = 7), liver (4.9%, n = 5), and anus (2%, n = 2). Individuals with colorectal cancer were diagnosed 
with metastatic disease more often than unresectable, locally advanced cancer (P = 0.001, λ = 0.218); 
biomarkers to guide treatment options were more often available in these subjects (P = 0.001, λ = 0.196), 
and most received combined, systemic treatment with chemotherapy and a targeted drug (P = 0.001, λ = 
0.339). The estimated 18-mo survival rate was 86.1% in colorectal cancer patients compared to 7.8% in 
patients with non-colorectal digestive cancer (P = 0.001, λ = 0.776).

Psychological distress
The general linear model results indicated significant differences in the levels of somatization (F(1,202) = 
5.0244, P = 0.026, η2

p = 0.025), depression (F(1,202) = 15.747, P = 0.001, η2
p = 0.073), and anxiety (F(1,202) = 

19.697, P = 0.001, η2
p = 0.090). The post hoc test showed significant differences in mean scores by sex, i.e. 

women manifested more depressive symptoms (η2
p = 0.073) and anxiety (η2

p = 0.061) than men. Patients 
with non-colorectal digestive cancer (η2

p = 0.020) and women (η2
p = 0.025) displayed more somatization 

than subjects with colorectal cancer and men. The model parameters and significant categories of each 
predicted variable are presented in Table 2 and Figure 1.

Quality of life
Again, the general linear model results revealed significant differences on the functional (F(1,202) = 19.697, 
P = 0.001, η2

p = 0.090) and symptom (F(1,202) = 8.154, P = 0.005, η2
p = 0.039) scales. The post hoc test 

indicated that women presented more functional limitations than men (ŋ2
p = 0.090). Participants with 

non-colorectal, gastrointestinal cancer (η2
p = 0.030) and women (η2

p = 0.039) had more symptoms than 
those with colorectal cancer and who were men. The results revealed a significant effect of sex on 
symptom control. A statistically significant association between tumor type and sex in health status 
levels was observed, and men with colorectal cancer reported the best health status (η2

p = 0.025) (Table 2 
and Figure 1).

Coping strategies
In coping strategies, positive attitude and cognitive avoidance were the most widely used strategies by 
all patients included, and hopelessness was the least used (Table 2 and Figure 2). Differences were 
observed in the estimated mean scores for anxious preoccupation (F(1,202) = 6.722, P = 0.010, η2

p = 0.033) 
and positive attitude (F(1,202) = 4.389, P = 0.037, η2

p = 0.022). Post hoc tests showed that women presented 
more anxious preoccupation (η2

p = 0.033) and less positive attitude (η2
p = 0.022) than men.

DISCUSSION
Key results
In this study we analyzed the differences in emotional distress, quality of life, and coping by digestive 
tumor type and sex. Women displayed more depressive symptoms, anxiety, functional limitations, and 
anxious preoccupation than men. Individuals with non-colorectal digestive cancer and women 
exhibited more physical symptoms and somatization than patients with colorectal cancer and men, 
whereas men with colorectal cancer reported better health status. By type of cancer, participants with 
colorectal cancer are younger, treatment is more often adjusted by biomarkers, they receive more 
combined chemotherapy and a biological agent, their estimated survival is higher, and they have better 
general status at the time of diagnosis than subjects with non-colorectal digestive cancer.

Interpretation
As for coping strategy, women exhibited more anxious preoccupation and men exhibited positive 
attitude. These results might explain why women present more symptoms and worse functional status 
than men. Oppegaard et al[39] observed that women scored higher on denial, which has previously been 
associated with worse oncological outcomes, given the delay in seeking care, which in turn entails a 
diagnosis made at more advanced stages, with worse general status, and lower survival rates[47]. 
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Table 2 Univariate general linear model for predicting psychological distress, quality of life, and coping strategies by tumor and sex

Colorectal cancer, n = 101 Non-colorectal digestive cancer, n 
= 102 ANOVA results, F

Scales
Men, mean 
(SD)

Women, mean 
(SD)

Men, mean 
(SD)

Women, mean 
(SD) Tumor × sex Tumor Sex

Psych. distress (BSI)1

Somatization 62.0 (6.3) 64.1 (8.0) 63.9 (6.7) 66.3 (8.1) 0.021 3.963 5.044

Depression 60.3 (6.6) 65.0 (6.6) 60.1 (5.5) 62.9 (7.5) 0.923 1.423 15.747

Anxiety 61.9 (7.8) 65.8 (8.3) 61.9 (6.8) 66.0 (8.3) 0.030 0.011 12.818

Quality of life (EORTC-
QLQ-C30)2

Functional scale 79.6 (17.4) 62.3 (23.0) 70.8 (22.6) 60.8 (24.0) 1.427 2.781 19.697

Symptom scale 24.4 (22.9) 29.8 (19.4) 28.6 (17.8) 40.0 (22.1) 1.044 6.067 8.154

Health status scale 67.6 (22.6) 53.7 (27.9) 51.9 (23.5) 55.1 (32.8) 5.185 3.547 2.059

Coping with cancer (M-
MAC)2

Helplessness 24.0 (22.9) 25.0 (21.9) 25.9 (22.8) 28.6 (25.6) 0.069 0.696 0.288

Anxious preoccupation 46.2 (24.4) 51.4 (18.8) 43.8 (19.0) 54.4 (23.6) 0.800 0.008 6.722

Positive attitude 83.4 (16.5) 76.8 (18.1) 79.2 (15.8) 74.9 (22.9) 0.186 1.364 4.389

Cognitive avoidance 66.6 (27.3) 60.6 (21.6) 64.3 (24.5) 60.2 (27.1) 0.036 0.192 1.758

1T score.
2Scale from 0 to 100.
ANOVA: Analysis of variance; BSI: Brief Symptom Inventory; EORTC-QLQ-C30: European Organization for Research and Treatment of Cancer Quality of 
Life Questionnaire; M-MAC: Mini-Mental Adjustment to Cancer; SD: Standard deviation.

Furthermore, Oppegaard et al[39] demonstrated that women scored higher on self-distraction as a 
detachment coping strategy, which had already been associated with a decreased sense of meaning of 
life in both women and men with cancer[48].

In our study, women suffered more psychological distress in the form of anxiety and depression 
compared to men, and women with non-colorectal digestive cancer displayed more somatization than 
men and than women with colorectal cancer. Most studies have encountered similar results. Aminisani 
et al[49] evaluated psychological distress in a cohort of 303 colorectal cancer survivors from Iran. One-
third of the study population presented depression and more than half of them exhibited anxiety; both 
conditions were more common among women than men. Sex differences in psychological distress have 
been reported by Gonzalez-Saenz de Tejada et al[50], revealing that men had less depression and 
anxiety. In The Netherlands, Braamse et al[51] found that women had higher levels of depression but 
not anxiety. Mols et al[30] observed that men suffered less anxiety and depression over time. Linden et al
[52] examined anxiety and depression in a large cohort of oncological patients (n = 10153), including 
breast and gynecological cancer, and detected that women had more anxiety and depression than men, 
similar to our findings. Women have already been reported to exhibit greater acceptance of cancer of the 
reproductive organs compared to patients with gastrointestinal neoplasms[53]. Shapiro et al[54] 
published similar levels of depressive symptoms in individuals of both sexes with advanced cancer, and 
Goldzweig et al[15], in a cohort of 339 subjects with stage I-III colorecta cancer, reported greater psycho-
logical distress and impotence in men than in women, without knowing the reason for this disparity 
with respect to other studies. One of the most relevant points of our work is that it focuses specifically 
on gastrointestinal neoplasms and reveals that not only women (in general) but specifically those with 
non-colorectal digestive cancer are the ones who exhibit greater psychological distress.

Trinquinato et al[55] appraised quality of life in Brazilian patients with colorectal cancer undergoing 
chemotherapy and reported that chemotherapy negatively impacted men and women differentially. In 
their study, they found that cognitive function led to worse quality of life in men compared to women 
and that symptoms varied according to sex. Men had worse quality of life, due to sexual impotence and 
fecal incontinence, while in women, poor quality of life was associated with body image, abdominal 
pain, and dry mouth. Similarly, the women in our study had more functional limitations and more 
symptoms compared to men, with the corresponding impact of sex on the type of symptoms.
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Figure 1 Scores obtained on the Brief Symptom Inventory-18, European Organization for Research and Treatment of Cancer Quality of 
Life Questionnaire for men vs women and for patients with colorectal vs digestive (non-colorectal) cancer. BSI: Brief Symptom Inventory; 
EORTC: European Organization for Research and Treatment of Cancer; RW: Raw.

Figure 2 Scores obtained on the Mini-Mental Adjustment to Cancer scales for men vs women and for patients with colorectal vs digestive 
(non-colorectal) cancer. MAC: Mini-Mental Adjustment to Cancer; RS: Raw score.

Individuals with advanced colorectal cancer have a better prognosis than those with non-colorectal 
digestive cancer[2], and better patient-perceived quality of life might correlate with better acceptance of 
the disease, given the better prognosis and the presence of fewer symptoms. In our study, the 
participants with non-colorectal digestive cancers had more somatization symptoms than those with 
colorectal cancer, which may be attributable to the unfavorable prognosis. In a cohort of 378 individuals 
with colorectal, gastric, and pancreatic cancer, Czerw et al[56] reported that those with colorectal cancer 
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displayed an active behavior coping strategy compared to the subjects with non-colorectal cancer, who 
demonstrated a maladaptive coping behavior. In contrast, in our series, the strategies most widely used 
by the participants with advanced digestive tract cancers were positive attitude and cognitive 
avoidance, although the non-colorectal cancer group exhibited higher levels of helplessness, in line with 
outcomes observed by Czerw et al[56] in pancreatic cancer.

Colorectal cancer has the best prognosis among the main digestive tumors. However, neither the 
causes nor the prognostic differences in digestive cancers according to sex are well established. 
Colorectal cancer in women is located more often in the right colon than in men, which is a location 
associated with worse prognosis[57-59]. That being said, Schmuck et al[25] observed that the women 
included in a study of a cohort of people over 50 years of age had a better OS than men. The authors 
consider that these outcomes may have to do with the protective effect of women hormones against 
colorectal cancer, although there may be other causes for these prognostic disparities across sexes[60,
61]. In a sample of 13391 patients from a Norwegian cancer registry, men with gastroesophageal 
adenocarcinoma were more often assigned to potentially curative treatment compared to the women 
and had higher 5-year survival rates[16]. Kim et al[21] detected greater survival in women with 
advanced pancreatic cancer with worse tolerance of chemotherapy that has been linked to less clearance 
of cytotoxic drugs, such as 5-fluorouracil[62] and irinotecan[63-65], and with greater toxicity in women 
compared to men[66].

Generalisability
There are no data concerning sex differences in cancer perception among patients with advanced 
gastrointestinal malignancies, and previous studies that included patients with metastatic colorectal 
cancer and non-colorectal digestive cancer have not reported specific data in this regard[56,67]. Women 
have been underrepresented in gastrointestinal cancer research, and men have been underrepresented 
in cancer-associated psychosocial assessment[68]. The relevance of assessing sex differences stems from 
the fact that men and women have specific social, psychological, and physical characteristics that might 
compromise coping strategies and perceptions of quality of life.

Limitations
The present study has several limitations. First, the underrepresentation of some non-colorectal 
digestive cancer subtypes and the heterogeneity of the data could bias the overall estimates. Second, the 
questionnaires were completed during the appointment prior to beginning antineoplastic treatment, 
which does not capture the variation of parameters over time nor the causal relationship between 
variables. Third, the study only included patients from Spain and advanced stage cancers; thus, these 
results should be confirmed in patients from other countries and with cancers of other stages.

CONCLUSION
In conclusion, this study has detected differences in psychological distress, quality of life, and coping 
with cancer between women and men and between patients with colorectal and non-colorectal digestive 
cancers. Women and patients with non-colorectal gastrointestinal tract malignances have more physical 
symptoms and somatization, and women suffer more psychological distress. These findings, if 
confirmed, suggest that sex and location of the primary digestive neoplasm should be considered in 
individualized communication with the patient to achieve a suitable approach to their psychological 
situation. Future studies should factor in sex and primary tumor site differences in advanced 
gastrointestinal cancer patients.

ARTICLE HIGHLIGHTS
Research background
Patients with advanced gastrointestinal cancer must cope with the negative effects of cancer and 
complications. Sex is a sociodemographic variable that can give rise to differences in the evolution as 
well as the clinical and psychological aspects of cancer.

Research motivation
To analyze whether there are differences between colorectal and non-colorectal digestive cancer in 
sociodemographic and/or clinical conditions and coping depending on sex.

Research objectives
To evaluate psychological distress, quality of life, and coping strategies in patients with advanced 
colorectal cancer compared to non-colorectal cancer based on sex.
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Research methods
This was a multi-institutional prospective, observational study that evaluated patients with advanced 
digestive cancers; 203 patients were eligible for this analysis. Demographic and clinical data were 
obtained and the association between psychological distress, quality of life, and coping strategies and 
the role of sex and primary tumor site were analyzed.

Research results
Women exhibited more depressive symptoms, anxiety, functional limitations, and anxious preoccu-
pation than men. Non-colorectal digestive cancer patients and women showed more somatization and 
physical symptoms than colorectal cancer patients and men.

Research conclusions
Disease acceptance in patients with advanced cancer of the digestive tract may be sex dependent.

Research perspectives
Future interventions should evaluate primary tumor site and sex differences in patients with gastro-
intestinal malignancies.
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Abstract
BACKGROUND 
Gastric cancer (GC) is one of the most prevalent malignant tumors that endangers 
human health. Early diagnosis is essential for improving the prognosis and 
survival rate of GC patients. Ring finger protein 180 (RNF180) is involved in the 
regulation of cell differentiation, proliferation, apoptosis, and tumorigenesis, and 
aberrant hypermethylation of CpG islands in the promoter is strongly associated 
with the occurrence and development of GC. Thus, methylated RNF180 can be 
used as a potential biomarker for GC diagnosis.

AIM 
To use droplet digital polymerase chain reaction (ddPCR) to quantify the 
methylation level of the RN180 gene. A reproducible ddPCR assay to detect 
methylated RNF180 from trace DNA was designed and optimized.

METHODS 
The primer and probe were designed and selected, the conversion time of bisulfite 
was optimized, the ddPCR system was adjusted by primer concentration, 
amplification temperature and amplification cycles, and the detection limit of 
ddPCR was determined.

https://www.f6publishing.com
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RESULTS 
The best conversion time for blood DNA was 2 h 10 min, and that for plasma DNA was 2 h 10 min 
and 2 h 30 min. The results of ddPCR were better when the amplification temperature was 56 °C 
and the number of amplification cycles was 50. Primer concentrations showed little effect on the 
assay outcome. Therefore, the primer concentration could be adjusted according to the reaction 
system and DNA input. The assay required at least 0.1 ng of input DNA.

CONCLUSION 
In summary, a ddPCR assay was established to detect methylated RNF180, which is expected to be 
a new diagnostic biomarker for GC.

Key Words: Gastric cancer; Ring finger protein 180; DNA methylation; Droplet digital polymerase chain 
reaction

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastric cancer (GC) is one of the most prevalent malignant tumors that endangers human health. 
Early diagnosis is essential for improving the prognosis and survival rate of GC patients. Ring finger 
protein 180 (RNF180) is a newly discovered member of the ring finger protein family, and it is an 
important tumor suppressor gene involved in the construction of the E3 ubiquitin protein ligase in the 
ubiquitin proteasome system and ubiquitin degradation. Methylated RNF180 can be used as a potential 
biomarker for GC diagnosis. We aimed to evaluate the droplet digital polymerase chain reaction assay for 
methylated RNF180 in GC.

Citation: Guo GH, Xie YB, Jiang T, An Y. Droplet digital polymerase chain reaction assay for methylated ring 
finger protein 180 in gastric cancer. World J Gastrointest Oncol 2022; 14(10): 2038-2047
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/2038.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.2038

INTRODUCTION
Ring finger protein 180 (RNF180) is a newly discovered member of the ring finger protein family, and it 
is an important tumor suppressor gene involved in the construction of the E3 ubiquitin protein ligase in 
the ubiquitin proteasome system and ubiquitin degradation[1]. RNF180 affects many important 
physiological processes in vivo, including cell growth, differentiation, and tumorigenesis. RNF180 is 
expressed at low levels in gastric cancer (GC) tissue samples, and it is particularly crucial to the GC 
pathological stage and overall survival of patients[2]. Hypermethylation in the promoter region is the 
main mechanism of downregulation or silencing of RNF180 expression in tumors[3]. It is also associated 
with Helicobacter pylori (H. pylori) infection and GC prognosis[4,5]. Methylation of the RNF180 gene can 
be used as an independent diagnostic and prognostic biomarker in the clinic[6]. At present, the primary 
screening methods for GC in the clinic are upper gastrointestinal X-ray examination, gastrointestinal 
endoscopy, H. pylori antibody detection and plasma pepsinogen detection[7]. Tissue biopsy is the gold 
standard for pathological diagnosis of GC. The commonly used X-ray examination and endoscopy are 
not always well suited to the early diagnosis, H. pylori antibody and plasma pepsinogen are not specific 
enough, and the shortcomings of tissue biopsy are its invasiveness and heterogeneity. The recent 
development of liquid biopsy technology has been very promising in the early screening of tumors. It is 
a noninvasive procedure for diagnosis that utilizes circulating free DNA in body fluids and circumvents 
some of the limitations of conventional tissue biopsy[8,9].

Liquid biopsy has great clinical value for therapy evaluation and prognosis monitoring. Droplet 
digital polymerase chain reaction (ddPCR) is a novel absolute quantitative technique that divides the 
reaction system into thousands of units[10]. The fluorescence signal of each reaction unit is detected, 
and the original concentration is calculated according to a Poisson distribution. Liquid biopsy samples 
are from blood, urine, and other body fluids, but the tumor DNA content in these specimens is low[11]. 
Conventional PCR technology cannot meet the requirement of liquid biopsy. Compared with conven-
tional PCR, ddPCR can achieve absolute quantification of trace nucleic acids and is more suitable for 
clinical liquid biopsy. In this study, a ddPCR assay to detect the methylated RNF180 gene was 
established and optimized for analyzing plasma and blood samples. It can be used for the screening and 
early diagnosis of GC and opens new possibilities to use methylated RNF180 as a biomarker of invasive 
GC.
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Table 1 The limit of detection for droplet digital polymerase chain reaction

Input DNA (ng) Conc (copies/μL) Input DNA (ng) Conc (copies/μL)

10 15.4 0.5 0.73

9 14 0.1 0.29

8 12.25 0.05 0

7 9.35 0.01 0

6 9.6 0.005 0

5 7.8 0.001 0

4 7.56 0.0005 0

3 4.53 0.0001 0

2 3.63 H2O 0

1 1.4

MATERIALS AND METHODS
Study subjects
The samples used in this study were blood samples from patients diagnosed between September 2020 
and April 2021. Inclusion criteria: Complete clinicopathological data, clear imaging and pathological 
diagnosis, and absence of long-term radiotherapy, chemotherapy, and immunotherapy. The exclusion 
criteria were as follows: Patients with other types of tumors in addition to confirmed GC who had 
received long-term treatment.

DNA isolation
The samples were peripheral blood collected on an empty stomach in the morning, and EDTA was used 
as an anticoagulant. Upon collection, the blood samples were immediately aliquoted into 1.5 mL 
Eppendorf tubes at 200 μL/tube. Plasma samples were prepared by centrifuging blood at 1500 × g for 10 
min. The samples were discarded if hemolysis or lipemia were observed. Plasma was aliquoted into 
1000 μL Eppendorf tubes for subsequent experiments. DNA from 200 μL blood samples was extracted 
according to the instructions of the QIAamp Blood Mini Kit (Qiagen) and eluted in 84 μL Buffer AE. 
DNA was extracted from 1 mL of plasma sample according to the instructions of the QIAamp MinElute 
ccfDNA Mini Kit (Qiagen) and eluted in 24 μL ultrafine water. The concentration of double-stranded 
DNA (dsDNA) was measured by a Qubit dsDNA HS Assay Kit and Qubit 3.0 (Thermo Fisher).

Bisulfite conversion
A 20 μL DNA sample was transformed according to the instructions of the EZ DNA Methylation-Gold 
Kit (Zymo Research), and 22 μL M-Elution Buffer was added to the column matrix to elute DNA. PCR 
was performed in a thermal cycler with the lid temperature set at 105 °C. Thermal cycling condition was 
as follows: (1) 98 °C for 10 min; (2) 64 °C for 1 h 30 min, 1 h 50 min, 2 h 10 min, or 2 h 30 min; and (3) 
Hold at 4°C. The converted DNA was purified according to the cycle-Pure Kit instructions (Omega), 
and finally, 7 μL elution buffer was added. The single-stranded DNA (ssDNA) Assay Kit and Qubit 3.0 
(Thermo Fisher) were used to determine the concentration of ssDNA.

Design of primers
Primers were designed based on the principle that unmethylated cytosine will transform into uracil 
after bisulfite treatment, while methylated cytosine remains unaltered. Primers and probes were 
designed so that they could distinguish between methylated and unmethylated sequences. The RNF180 
gene sequence was obtained from National Center for Biotechnology Information. Then, the sequence 
was pasted into the methyl Primer Express software to find the CpG island, and methylation primers 
and probes were designed according to the transformed sequence. The 5’ end of the probes was 
modified with the FAM fluorophore, and the 3’ end was modified with BHQ1. Three pairs of primers 
were designed for ddPCR experiments and tested against 100% methylated control DNA (EpiTect PCR 
Control DNA Set, Qiagen). After repeated tests, the primers were screened according to their reprodu-
cibility, specificity, and detection rate. Then, unmethylated primers and probes were designed for 
subsequent experiments to calculate methylation rates.

Establishment and optimization of the ddPCR assay
The ddPCR assay was conducted under the same conditions with 100% methylated control DNA at the 
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Figure 1 Conversion time of blood DNA and plasma DNA. A: The droplet digital polymerase chain reaction (ddPCR) results of 16 blood DNA samples 
converted for different times. Above: Fluorescence channel 1, methylation droplets; below: Channel 2, unmethylation droplets; B: Histogram of methylation rate of 
blood DNA samples at different conversion times; C: The ddPCR results of 16 plasma DNA samples; D: Histogram of methylation rates of plasma DNA samples.

initial input as shown in Table 1 to determine the lowest limit of detection (LOD). Simultaneously, to 
find the optimal ddPCR amplification condition, the amplification temperature was set at 56 °C and 59 
°C, and the amplification cycles were set at 45 and 50. The ddPCR instructions recommended a final 
primer concentration of 700-900 nmol and a probe concentration of 250 nmol. Under the optimal cycling 
conditions, primer concentrations of 700, 750, 800, 850 and 900 nmol were tested to determine the 
optimal concentration. A negative control (EpiTect PCR Control DNA Set, Qiagen) and no-template 
control were included in each plate.

Twenty microliters of quantitative reaction was prepared, mixed with oscillation and briefly 
centrifuged to remove bubbles. The above reaction mixtures were added to the middle row of the 
droplet generating cartridge, and 70 μL ddPCR Droplet Reader Oil (BIO-RAD) was added to the bottom 
row. The reagents were placed smoothly in the droplet generator and the reaction was started. The 
liquid in the top row of the droplet generating cartridge was transferred to a 96-well plate and then 
placed into a heat sealer to seal with a film. After sealing, the 96-well plate was placed into a C1000 
TouchTM Thermal Cycler (BIO-RAD) for PCR. QuantaSoft was opened after 30 min of preheating of the 
QX200 Droplet Reader (BIO-RAD). At the end of PCR, the 96-well plate was placed into the Droplet 
Reader and processed under the sample information setting. When finished, the program was run, and 
the data were analyzed after droplet reading.

RESULTS
Optimization of bisulfite conversion
The recommended conversion time was 2 h 30 min according to the instructions of the EZ DNA 
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Methylation-Gold Kit. However, due to the small amount of circulating free DNA in blood and plasma, 
and the loss after conversion, we decided to optimize the conversion time for our assay. DNA was 
extracted from the blood and plasma of 16 GC patients for this experiment. After determining the 
concentration of ssDNA, each DNA sample was divided into 4 conditions. For bisulfite conversion, the 
initial input amount of blood DNA was 500 ng, the initial input amount of plasma DNA was 10 ng, and 
the sample volume was adjusted to 20 μL with sterilized deionized water. The conversion time was set 
at 1 h 30 min, 1 h 50 min, 2 h 10 min or 2 h 30 min, and ddPCR assay was conducted in these 4 
conditions. The results are shown in Figure 1. By comparing the methylation rates of the same samples 
subjected to various conversion times, we concluded that the optimal conversion time for blood DNA 
was 2 h 10 min, and the optimal time for plasma DNA was 2 h 10 min and 2 h 30 min. To streamline the 
experimental operation, the conversion time was set as 2 h 10 min in subsequent experiments.

Selection of primers
The primers designed for the methylated RNF180 gene was used to conduct ddPCR assays with 100% 
methylated control DNA, and the data that reached more than 10000 droplets were considered valid 
data. After repeating experiments, we chose one pair of primers and probes with the best result based 
on the reproducibility, specificity, and detection rate. The ddPCR results of the tested primers are shown 
in Figure 2. The second pair of primers with good specificity and reproducibility was selected according 
to the results shown in the figure. Subsequently, primers and probes for unmethylated RNF180 gene 
were designed to calculate the methylation rate of the sample.

DdPCR assays
Because of the low concentration of circulating DNA in plasma and inevitable DNA loss after bisulfite 
conversion, it is conceivable that the plasma trace DNA could not be detected. To address this concern, 
100% methylated control DNA with gradient concentration (Table 1) was used to determine the 
minimum LOD of ddPCR. The results are shown in Figure 3A. The standard curve was drawn based on 
the above detection data, and the regression equation was y = 1.5264x + 0.0881, R2 = 0.9911, as shown in 
Figure 3B. We speculated that methylation could not be detected when the input of DNA was less than 
0.1 ng. After the bisulfite conversion of blood and plasma DNA, the ssDNA concentrations were all 
above 0.5 ng/μL. Therefore, ddPCR was reliable for the detection of circulating methylated DNA. To 
determine the optimal ddPCR amplification condition, the amplification temperatures of 56 °C and 59 
°C were compared, and the amplification cycles or 45 and 50 were tested. The result is illustrated in 
Figure 4. The optimum amplification temperature was 56 °C and the optimum cycle number was 50. 
Under the reaction conditions of 56 °C and 50 cycles, the primer concentrations of 700 nmol, 750 nmol, 
800 nmol, 850 nmol and 900 nmol were compared. As shown in Figure 5, there was little difference 
among the five primer concentrations; thus, it could be adjusted according to the reaction condition and 
DNA input amount.

DISCUSSION
According to the statistical report on global cancer incidence and mortality in 2020 issued by the 
International Agency for Research on Cancer, GC has been listed as the fifth most common malignant 
tumor in the world, with 1089103 new cases compared with the previous year. As GC is usually 
diagnosed at an advanced stage, it has a high mortality rate. GC accounted for 7.7% of total cancer 
deaths globally in 2020, making it the fourth most common cause of cancer-related deaths[12]. RNF180 
is a tumor suppressor gene involved in many important physiological processes in vivo, such as cell 
growth, differentiation, and tumorigenesis[13]. When RNF180 was abnormally expressed, a variety of 
physical, chemical, and biological factors were affected, resulting in decreased gene expression or 
corresponding protein dysfunction. It has been confirmed that the inactivation of RNF180 is associated 
with apoptosis, tumor invasion and metastasis[14,15]. Downregulation of RNF180 gene expression was 
related to hypermethylation in the promoter region, and the methylated RNF180 gene played an 
important role in the occurrence, development, prognosis of GC and infection of H. pylori[16,17]. DNA 
methylation is the most common chemical modification of nucleic acids. Mechanistically, methyltrans-
ferases catalyze methylation by selectively adding the methyl group to cytosine of CG dinucleotide and 
turning it into 5-methyl cytosine. DNA methylation occurs mainly in DNA fragments with high CG 
content and between 300 and 3000 bp in length (CpG islands)[18]. Currently, many studies have 
confirmed that DNA methylation can cause alterations in chromatin structure and DNA stability, 
thereby controlling gene expression and participating in the regulation of many biological processes, 
such as aging, nervous system development, occurrence and development of cancer, tumor hetero-
geneity, and drug resistance[19,20].

Current methods of GC screening and diagnosis in clinical practice all have certain shortcomings, 
such as invasiveness, sampling deviation, low accuracy and specificity, and long detection time. Liquid 
biopsy is a noninvasive procedure that uses circulating free DNA, circulating tumor cells or other 
compounds in patients’ body fluids for diagnosis. Currently, circulating tumor cells, exosomes and 
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Figure 2 Fluorescence channel 1 results of methylated RNF180. The X-axis is the total number of droplets, the Y-axis is the fluorescence signal intensity, 
and the solid horizontal line (purple) is the signal threshold. The droplets with fluorescence signal intensity above the threshold line were positive droplets (blue). The 
droplets with fluorescence signal intensity below the threshold were negative droplets (gray).

Figure 3 Limit of detection of droplet digital polymerase chain reaction. A: Diagram of the droplet digital polymerase chain reaction (ddPCR) results; B: 
Line graph of ddPCR limit of detection.

circulating nucleic acids are the main materials used in liquid biopsy of cancer. These circulating 
biomarkers are excreted from the tumor site into the blood, urine, saliva, or cerebrospinal fluid and can 
provide better insights into the evolution of tumor dynamics during treatment and disease progression. 
The most widely reported method has been detecting circulating free DNA in blood or plasma[21,22]. 
The detection of methylated DNA in GC patient plasma by liquid biopsy requires a highly sensitive and 
accurate method. DdPCR technology has the advantages of high accuracy, high sensitivity, and absolute 
quantitation and can be used to detect trace DNA. The ddPCR system emulsifies the aqueous PCR 
mixture into thermally stable oil droplets, while the real-time PCR of nucleic acid quantitation requires a 
standard curve obtained by diluting samples with known concentrations, which will be affected by 
laboratory and daily errors. A standard curve was not necessary for ddPCR, which can achieve absolute 
quantification by counting fluorescence-positive droplets and total droplets according to a Poisson 
distribution[23].

In this study, we developed a reliable ddPCR assay for the detection of methylated RNF180 in trace 
DNA. The results indicated that ddPCR could detect the methylated sites of trace circulating free DNA 
in plasma and achieve absolute quantification. When the DNA input was more than 0.1 ng, ddPCR 
could analyze the methylated sites of plasma DNA more accurately. This study proved that methylated 
RNF180 in blood or plasma can be further studied as a potential diagnostic biomarker of GC, and 
ddPCR assays of methylated DNA have promising applications in tumor screening and diagnosis. At 
present, this study only established a ddPCR detection method for the methylated RNF180 gene, but 
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Figure 4 Optimization of amplification temperature and cycles. A and B: The droplet digital polymerase chain reaction (ddPCR) results of the 
amplification temperatures of 56 °C and 59 °C; C and D: The ddPCR results with 45 and 50 cycles of amplification.

Figure 5  The droplet digital polymerase chain reaction results of different primer concentrations.

according to the experimental results, other methylated sites can also be analyzed by ddPCR 
technology. The subsequent detection of other GC methylation biomarkers in plasma can be explored.

CONCLUSION
In summary, a ddPCR assay was established to detect methylated RNF180, which is expected to be a 
new diagnostic biomarker for GC.
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ARTICLE HIGHLIGHTS
Research background
Methylated ring finger protein 180 (RNF180) can be used as a potential biomarker for gastric cancer 
(GC) diagnosis.

Research motivation
Standard and sensitive of methylation detection methods for in plasma are urgently needed in clinical 
practice.

Research objectives
We aimed to use droplet digital polymerase chain reaction (ddPCR) to quantify the methylation level of 
the RNF180 gene. A reproducible ddPCR assay to detect methylated RNF180 from trace DNA was 
designed and optimized.

Research methods
The primer and probe were designed and selected, the conversion time of bisulfite was optimized, the 
ddPCR system was adjusted by primer concentration, amplification temperature and amplification 
cycles, and the detection limit of ddPCR was determined.

Research results
The best conversion time for blood DNA was 2 h 10 min, and that for plasma DNA was 2 h 10 min and 2 
h 30 min. The results of ddPCR were better when the amplification temperature was 56 °C and the 
number of amplification cycles was 50. Primer concentrations showed little effect on the assay outcome. 
Therefore, the primer concentration could be adjusted according to the reaction system and DNA input. 
The assay required at least 0.1 ng of input DNA.

Research conclusions
In summary, a ddPCR assay was established to detect methylated RNF180, which is expected to be a 
new diagnostic biomarker for GC.

Research perspectives
The standard procedure of ddPCR in clinical practice should be performed and evaluated.
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Abstract
BACKGROUND 
The role of HER2 overexpression in rectal cancer is controversial.

AIM 
To assess the role of HER2 overexpression in the long-term prognosis of rectal 
cancer.

METHODS 
Data from patients with locally advanced rectal cancer who underwent total 
mesorectal excision after short-course radiotherapy at Beijing Cancer Hospital 
between May 2002 and October 2005 were collected. A total of 151 tissue samples 
of rectal cancer were obtained using rigid proctoscopy before neoadjuvant 
radiotherapy, followed by immunohistochemistry and fluorescence in situ hybrid-
isation to determine the patients’ HER2 expression status. Univariate and 
multivariate analyses of the associations between the clinicopathological factors 
and HER2 status were performed. Survival was estimated and compared using 
the Kaplan-Meier method based on HER2 expression status, and the differences 
between groups were verified using the log-rank test.

RESULTS 
A total of 151 patients were enrolled in this study. A total of 27 (17.9%) patients 
were ultimately confirmed to be HER2-positive. The follow-up duration ranged 
from 9 mo to 210 mo, with a median of 134 mo. Distant metastasis and local 
recurrence occurred in 60 (39.7%) and 24 (15.9%) patients, respectively. HER2 
positivity was significantly associated with the pre-treatment lymph node stage 
(pre-N) (P = 0.040), while there were no differences between HER2 status and age, 
sex, preoperative CEA levels (pre-CEA), T stage, and lympho-vascular invasion. 
In terms of prognosis, HER2 overexpression was correlated with distant meta-
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stasis (P = 0.002) rather than local recurrence (P > 0.05). The multivariate analysis demonstrated 
that elevated pre-CEA [P = 0.002, odds ratio (OR) = 3.277, 97.5% confidence interval (CI): 1.543-
7.163], post N(+) (P = 0.022, OR = 2.437, 97.5%CI: 1.143-5.308) and HER2(+) (P = 0.003, OR = 4.222, 
97.5%CI: 1.667-11.409) were risk factors for distant metastasis. The survival analysis showed that 
there were significant differences between rectal cancer patients in terms of disease-free survival 
(DFS) [hazard ratio: 1.69 (95%CI: 0.91-3.14); P = 0.048] and overall survival (OS) [1.95 (1.05-3.63); P 
= 0.0077].

CONCLUSION 
HER2 overexpression is a potential biomarker for predicting lymph node metastasis and distant 
metastasis, which are associated with worse long-term DFS and OS in rectal cancer patients with 
locally advanced disease.

Key Words: HER2; Rectal cancer; Distant metastasis; Local recurrence; Survival
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Core Tip: Long-term follow-up of rectal cancer patients treated with neoadjuvant radiotherapy 
demonstrated that pre-treatment HER2 overexpression was significantly correlated with lymph node 
metastasis and long-term distant metastasis. Furthermore, HER2 overexpression, elevated CEA and lymph 
node positivity were independent risk factors, predictive for poorer survival.

Citation: Chen N, Li CL, Peng YF, Yao YF. Long-term follow-up of HER2 overexpression in patients with rectal 
cancer after preoperative radiotherapy: A prospective cohort study. World J Gastrointest Oncol 2022; 14(10): 
2048-2060
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/2048.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.2048

INTRODUCTION
Colorectal cancer (CRC) is a great challenge for people worldwide and is the 3rd most commonly 
diagnosed cancer and the 2nd leading cause of cancer-related deaths. In China, the incidence and death 
rates of CRC are the 3rd and 5th highest, respectively[1,2]. In 2020, there were about 43340 new cases of 
rectal cancer in the United States each year, while this number was 376000 in China[2,3]. Due to its 
insidious onset, most patients are diagnosed with locally advanced disease, and approximately 20% of 
CRC patients have distant metastasis at the time of diagnosis[4]. A series of studies, including the 
SWEDISH RECTAL CANCER TRIAL in the 1990s[5], the CAO/ARO/AIO-94 trial performed in 
Germany in the early 21st century[6], and the subsequent EORTC22921 study[7], have shown the 
benefits of tumour regression, sphincter preservation, and decreased local recurrence, establishing the 
status of neoadjuvant radiotherapy. In recent years, the treatment mode of rectal cancer guided by TNM 
staging has been evolving; notably, the long-term survival rates have appeared to remain stable[8-10]. In 
addition, even patients with the same TNM stage may have different prognoses, prompting us to search 
for new therapeutic biomarkers to improve patient outcomes. In recent years, the molecular 
mechanisms of CRC have been further studied, and biological markers such as RAS and BRAF 
mutations have been identified as prognostic targets. In contrast, HER2, a member of the epidermal 
growth factor receptor family of receptor tyrosine kinases, is highly expressed in a variety of tumour 
cells. HER2 is currently considered a potential target for CRC therapy, as reported by previous findings
[11]. Although there have been several studies on the role of HER2 in CRC, the results are controversial 
and lack long-term outcomes. The present study aimed to report the long-term outcomes of patients 
with HER2 overexpression in locally advanced rectal cancer with preoperative radiotherapy.

MATERIALS AND METHODS
Data from patients with locally advanced rectal cancer who underwent total mesorectal excision (TME) 
after short-course radiotherapy at the Beijing Cancer Hospital between May 2002 and October 2005 were 
collected. All patients underwent preoperative staging using magnetic resonance imaging, computed 
tomography, endorectal ultrasonography, and/or endoscopy. Each patient enrolled in our study 
satisfied the following criteria: (1) Age > 18 years; (2) Primary rectal adenocarcinoma below the 
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peritoneal folds; (3) Clinically staged as cT3-4 and/or N+ rectal tumours, with a tumour that could be 
resected radically; and (4) Willingness to participate in long-term follow-up. Patients were excluded if 
they: (1) Had synchronous tumours or a history of other malignant tumours within the previous 5 years; 
(2) Had a previous history of cytotoxic chemotherapy, previous pelvic radiation therapy, or a known 
hypersensitivity to any drug included in the treatment protocol; (3) Had a diagnosis of hereditary 
nonpolyposis colorectal carcinoma; (4) Were being treated with other experimental drugs or had 
previously participated in a clinical trial of other experimental agents for rectal carcinoma; and (5) Had 
clinical evidence of distant metastasis. There were no restrictions based on sex, race, or disability.

All patients received 30 Gy/10 F/2 W neoadjuvant radiotherapy (SIMENS PRIMUS 2916 Linear 
Accelerator), and radical surgeries (LAR or APR ) were performed 2 wk after the end of radiotherapy, 
according to the TME principle. All patients received adjuvant chemotherapy (standard regimen, 5-FU 
or capecitabine) within 6 mo after surgery, according to the pathologic stage. Patient epidemiological 
information and primary tumour features, including distance from the anal verge and TNM stage before 
and after neoadjuvant radiotherapy, were collected prospectively. Regular follow-up visits were 
performed every 3 mo for the first 2 years, and then every 6 mo for a total of 5 years. After 5 years, 
follow-up was performed once per year. Follow-up examinations included blood tests for CEA and 
CA199, thoracic and abdominal/pelvic computed tomography or magnetic resonance imaging, and 
enteroscopy for timely detection of recurrence or metastasis. The study was approved by the medical 
ethics committee of the Peking University Cancer Hospital, and the requirement for informed consent 
was waived.

Immunohistochemical evaluation
All patients underwent rigid proctoscopy before neoadjuvant therapy, and a sufficient amount of 
tumour tissue was obtained. HER2 expression was evaluated using immunohistochemistry. Immunos-
tained samples were examined and scored independently and in a blinded manner by two experienced 
pathologists. The scoring criteria were as follows[12]: 0 (no staining), 1+ (1%-25% positive cells), 2+ 
(26%-75% positive cells), or 3+ (76%-100% positive cells). A score of 0 or 1+ was considered negative 
(low expression) and a score of 3+ was considered positive (overexpression). In samples when the score 
was 2+ (moderate expression), fluorescence in situ hybridization (FISH) was performed to confirm the 
HER2 expression.

Statistical analysis
Data were analysed using R4.1.0 software. The ‘survival’ and ‘survminer’ package were used for 
statistical analysis, and the ‘ggplot2’ package was used for plotting. Categorical variables were assessed 
using the chi-square (2 × 2) or Fisher's exact test (2 × C) when applicable. Multivariate analysis was 
performed using a binary logistic regression model (forward: LR). Survival analysis was performed 
using the Kaplan-Meier method, and the differences between groups were verified using the log-rank 
test. P values < 0.05 were considered significant statistically.

RESULTS
In our previous reports, a total of 142 rectal cancer patients with locally advanced diseases were 
enrolled, followed by nine more patients meeting the inclusion criteria; finally, 151 patients were 
included in the final analysis (Figure 1). The mean age was 55.85 ± 13.26 years, with 93 (61.6%) men and 
58 (38.4%) women. The patient characteristics are listed in Table 1.

The immunohistochemical results showed that HER2 over-expression was detected in 16.6% (25/151) 
of the tissue samples, with low expression (0-1+) in 73.51% (111/151) and moderate expression in 9.93% 
(15/151) of samples. In samples (n = 2) that scored 2+, we confirmed the positive expression of HER2 
using FISH. A total of 27/151 (17.9%) samples were ultimately confirmed to have HER2 positivity. The 
median follow-up period for all patients was 134 mo. Distant metastasis and local recurrence occurred 
in 60 (39.7%) and 24 (15.9%) patients, respectively.

Correlation between HER2 overexpression and clinicopathological parameters
There were no significant differences between HER2 status and age, sex, preoperative CEA levels (pre-
CEA), T stage, lymph-vascular invasion (LVI), and local recurrence. HER2 positivity was associated 
with pre-treatment N(+) stage (pre-N; P = 0.040) and distant metastasis (P = 0.002). Distant metastasis 
occurred in 66.7% (18/27) of HER2-positive patients compared to in 33.9% (42/124) of HER2-negative 
patients (Table 2).

Correlation between distant metastasis and clinicopathological parameters
Univariate analysis showed that pre-CEA, pre-treatment T stage (pre-T), post-treatment N status (Post-
N), and HER2 status were correlated with distant metastasis (Table 3). These variables were further 
included in the binary logistic regression analysis, and the P value (0.052) of post-T was close to 0.05; 
therefore, it was also included in the multivariate analysis. The final analysis showed that elevated pre-
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Table 1 Clinicopathological characteristics of the enrolled cohort (n = 151)

Characteristic Result

Age diagnosis (yr) 55.85 ± 13.26

Gender (%)

Male 93 (61.6)

Female 58 (38.4)

Distance to anal verge (cm) (%) 4.91 ± 2.04

> 6 45 (29.8)

≤ 6 106 (70.2)

Pre-CEA (%)

Normal range 98 (64.9)

Elevated 53 (35.1)

Pre-T (%)

T1 2 (1.3)

T2 10 (6.6)

T3 133 (88.1)

T4 6 (4.0)

Pre-N (%)

N0 38 (25.2)

N+ 113 (74.8)

Post-T (%)

pT0 7 (4.6)

pT1 6 (4.0)

pT2 48 (31.8)

pT3 84 (55.6)

pT4 4 (4.0)

Post-N (%)

pN0 89 (58.9)

pN+ 62 (41.1)

Tumor regression grade (%)

Grade 0 9 (6.3)

Grade 1 34 (23.9)

Grade 2 42 (29.6)

Grade 3 57 (40.1)

HER2 (%)

- 124 (82.1)

+ 27 (17.9)

LVI (%)

+ 20 (13.2)

- 131 (86.8)

Median follow-up period 134

Distant metastasis, number (%)

Yes 60 (39.7)
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No 91 (60.3)

Local recurrence, number (%)

Yes 24 (15.9)

No 127 (84.1)

Pre-CEA: Preoperative CEA; LVI: Lympho-vascular invasion.

Figure 1 Flowchart of cohorts and the distribution of HER2 expression. FISH: Fluorescence in situ hybridization.

CEA [P = 0.002, odds ratio (OR) = 3.277, 97.5% confidence interval (CI): 1.543-7.163], post-N(+) (P = 
0.022, OR = 2.437, 97.5%CI: 1.143-5.308), and HER2(+) (P = 0.003, OR = 4.222, 97.5%CI: 1.667-11.409) 
were risk factors for distant metastasis, as demonstrated in Table 4.

Survival analysis
The follow-up time ranged from 9 mo to 210 mo, with a median follow-up of 134 mo. During the follow-
up period, 18 (66.7%) of the 27 HER2-positive patients experienced distant metastasis or recurrence, and 
2 of these patients suffered from both metastasis and recurrence; thus, in terms of disease progression, 
there were a total of 18 (66.7%) distant metastases and 2 (7.4%) local recurrence events. The median 
disease-free survival (DFS) of HER2-positive patients was 43 mo. For HER2-negative patients, 57 
(46.0%) out of 124 developed distant metastasis or recurrence. Death occurred in 20 (74.1%) of 27 
HER2(+) patients, with a median overall survival (OS) of 58 mo, and in 60 (48.4%) of 124 HER2(-) 
patients, with a median OS of 133 mo. There were significant differences between the HER2-positive 
group and HER2-negative group with respect to both DFS [hazard ratio (HR): 1.69 (95%CI: 0.91-3.14); P 
= 0.048] and OS [1.95 (1.05-3.63); P = 0.0077], as shown in Figure 2A and B.

DISCUSSION
HER2, also known as C-erbB-2, neu, or p185, is a member of the EGFR/ErbB family. It is a 
transmembrane protein encoded by the HER2 proto-oncogene, which participates in the signalling 
transduction pathway leading to cell growth and differentiation, potentially affecting the invasion and 
migration of tumour cells in the network of tumorigenesis. Previous studies have confirmed that HER2 
is one of a predictors for poor prognosis in breast cancer, gastric cancer, endometrial cancer, and other 
tumours, in which HER2 overexpression is associated with poorer tumour biological properties[13-17]. 
In recent years, HER2 overexpression has also been found in CRC tumours; however, the data reported 
in the literature vary greatly, with positivity rates of approximately 2.6%-17%[18-22]. The effects of 
HER2 on the prognosis of CRC are also controversial, and the relationship between HER2 and the 
prognosis of patients with CRC remains under discussion. Our study is a 10-year long-term follow-up 
report on the prognosis of HER2 overexpression in locally advanced rectal cancer, which is of great 
significance in exploring the role of HER2 in rectal cancer.
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Table 2 Correlations among HER2 expression and the clinicopathological parameters

Variable HER2- (%) HER2+ (%) χ2 P value

Age (yr) 0.558 0.455

< 60 74 (59.7) 14 (51.9)

≥ 60 50 (40.3) 13 (48.1)

Sex 2.166 0.141

Male 73 (58.9) 20 (74.1)

Female 51 (41.1) 7 (25.9)

Pre-CEA 0.045 0.832

Normal range 80 (64.5) 18 (66.7)

Elevated 44 (35.5) 9 (33.3)

Distance to anal verge (cm) 0.236 0.627

> 6 38 (30.6) 7 (25.9)

≤ 6 86 (69.4) 20 (74.1)

Pre-T 0.6941

T1-2 11 1

T3-4 113 26

Pre-N 4.235 0.040

N0 27 (21.8) 11 (40.7)

N+ 97 (78.2) 16 (59.3)

Post-T 1.583 0.208

T1-2 53 8

T3-4 71 19

Post-N 1.582 0.208

N0 76 (61.3) 13 (48.1)

N+ 48 (38.7) 14 (51.9)

LVI

+ 17 (13.7) 3 (11.1) 0.002 0.9622

- 107 (86.3) 24 (88.9)

Distant metastasis 9.959 0.002

+ 42 (33.9) 18 (66.7)

- 82 (66.1) 9 (33.3)

Local recurrence 1.083 0.2982

+ 22 (17.7) 2 (7.4)

- 102 (82.3) 25 (92.6)

1Fisher’s exact test.
2Logistic regression model.
LVI: Lympho-vascular invasion.

Correlation between HER2 and local/distant metastasis of rectal cancer
In our study, the results from the correlation analysis using the chi-square test revealed that there were 
no significant differences between HER2 status and age, sex, pre-CEA, T stage, LVI, and local 
recurrence, which was consistent with the majority of previous reported results. Furthermore, HER2 
positivity was associated with pre-N(+) (P = 0.040) and distant metastasis (P = 0.002), which is consistent 
with our previous short-term results[12]. Similar to our results, a study involving 1645 cases of primary 
colorectal adenocarcinoma showed that HER2 overexpression was associated with lymph node 
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Table 3 Correlations among distant metastasis and the clinicopathological parameters

Distant metastasis
Variable

- (%) + (%)
χ2 P value

Age (yr) 0.121 0.728

< 60 52 (59.1) 36 (40.9)

≥ 60 39 (61.9) 24 (38.1)

Sex 0.446 0.504

Male 58 (62.4) 35 (37.6)

Female 33 (56.9) 25 (43.1)

Pre-CEA 9.704 0.002

Normal range 68 (69.4) 30 (30.6)

Elevated 23 (43.4) 30 (56.6)

Distance to anal verge (cm) 0.103 0.749

> 6 28 (62.2) 17 (37.8)

≤ 6 63 (59.4) 43 (40.6)

Pre-T 0.2211

T1-2 5 7

T3-4 86 53

Pre-N 0.001 1.000

N0 23 (60.5) 15 (39.5)

N+ 68 (60.2) 45 (39.8)

Post-T 3.782 0.052

T1-2 43 18

T3-4 48 42

Post-N 7.995 0.005

N0 62 (69.7) 27 (30.3)

N+ 29 (46.8) 33 (53.2)

LVI 1.014 0.314

+ 10 (50.0) 10 (50.0)

- 81 (61.8) 50 (38.2)

HER2, number 9.959 0.002

- 82 (66.1) 42 (33.9)

+ 9 (33.3) 18 (66.7)

1Fisher’s exact test.

metastasis[23]. In addition, logistic regression was used to verify the predictive effect of HER2 overex-
pression on distant metastasis in rectal cancer. Univariate and multivariate analyses demonstrated that 
HER2 overexpression was associated with distant metastasis. The risk of distant metastasis in HER2-
positive patients was 4.222 times higher than that in HER2-negative patients (P = 0.003, OR = 4.222, 
97.5%CI: 1.667-11.409). We propose that these results suggest that overexpression of HER2 may promote 
the aggressiveness of rectal cancer. As in breast and gastric cancers, HER2 might play an important role 
in local failure and distant metastasis in patients with rectal cancer, featuring a higher possibility of 
lymph node metastasis.

Our results also showed that two other risk factors predictive of distant metastasis of rectal cancer 
were elevated pre-CEA (P = 0.002, OR = 3.277, 97.5%CI: 1.543-7.163) and post-N(+) (P = 0.022, OR = 
2.437, 97.5%CI: 1.143-5.308). Studies have shown that pre-CEA is associated with neoadjuvant treatment 
response and clinical outcomes in patients with rectal cancer as a predictor of poorer prognoses[24-27]. 
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Table 4 Multivariate logistic regression analysis results

Variable Odds ratio 97.5%CI P value

CEA level before radiotherapy

Normal range 1

Elevated 3.277 1.543-7.163 0.002

Post-treatment N

N0 1

N+ 2.437 1.143-5.308 0.022

HER2

- 1

+ 4.222 1.667-11.409 0.003

CI: Confidence interval.

Figure 2 Kaplan-Meier survival analysis of disease-free survival and overall survival rates in relation to HER2 status. A: HER2 overexpression 
in rectal cancers is correlated with a shorter disease-free survival, P = 0.048; B: HER2 overexpression in rectal cancers is correlated with a shorter overall survival, P 
= 0.0077. DFS: Disease-free survival; OS: Overall survival.

Similarly, LN(+) status after neoadjuvant therapy was related to higher tumour stages and poorer 
treatment responses, which are obviously related to the prognoses of patients[28]. Therefore, we 
assumed that these might explain the increased rate of distant metastasis in elevated pre-CEA and post-
N(+) patients.

Correlation between HER2 and long-term DFS/OS
A few studies have suggested that HER2 overexpression is a poor prognostic factor for CRC, playing an 
important role in its progression[29-31]. In the PETACC-8 trial, 1689 patients with stage III colon cancer 
received postoperative adjuvant chemotherapy. The results showed that HER2 overexpression was 
associated with a shorter time to recurrence [HR: 1.55 (95%CI: 1.02-2.36) P = 0.04] and shorter OS [HR: 
1.57 (0.99-2.5) P = 0.05][32]. A meta-analysis of 1761 CRC patients from 11 studies by Li et al[33] showed 
that HER2 overexpression was negatively correlated with OS, and similar results were obtained in 
different subgroups, although the authors admitted that this effect might not be significant. However, 
some studies have shown that HER2 overexpression is not associated with the prognosis of CRC. In a 
large-pool study, three randomised controlled trials (the QUASAR, FOCUS, and PICCOLO trials) were 
analysed. Within a total of 3256 CRC patients enrolled, the results showed that there was no correlation 
between HER2 overexpression and survival (either progression-free survival or OS)[34].
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Some studies have shown that cytoplasmic HER2-positive patients are associated with longer 
survival as an independent risk factor in Duke C stage patients[35]. In our short-term results report 
(median follow-up: 38 mo), the association between HER2 positivity and survival (DFS or OS) did not 
reach statistical significance. These results may be related to the short follow-up period. In this long-
term study, with a median follow-up time of 134 mo, more events of distant metastasis or local 
recurrence occurred: 18 of 27 HER2-positive patients (66.7%) experienced disease progression, including 
18 distant metastases and 2 Local recurrence events. There were significant differences between the 
HER2-positive and HER2-negative groups with respect to both DFS [HR: 1.69 (95%CI: 0.91-3.14); P = 
0.048] and OS [HR: 1.95 (95%CI: 1.05-3.63); P = 0.0077] (Figures 1 and 2). The median DFS of HER2-
positive patients was 43 mo. Of the 124 HER2-negative patients, 57 (46.0%) had distant metastases or 
recurrence events. Death occurred in 20 of 27 (74.1%) HER2-positive patients and 60 of 124 (48.4%) 
HER2-negative patients. The median OS was significantly shorter in HER2-positive patients than in 
HER2-negative patients (58 mo vs 133 mo). We hypothesis that HER2 overexpression, as a proto-
oncogene, may be associated with increased tumour recurrence and poor prognosis. One explanation 
might be related to HER2’s inhibition of tumour cell apoptosis, resulting in tumour cell proliferation 
and acceleration of tumour aggressiveness. This suggests that, in order to pay special attention to local 
recurrence or distant metastasis, regular postoperative follow-up might be particularly important for 
patients with HER2-positive diseases, thereby improving their long-term survival. It can also provide 
possible suggestions for the enhanced treatment of these patients (combined with targeted therapy).

Correlation between HER2 and anti-HER2 targeted therapy
Recurrence and distant metastasis have been the main causes of treatment failure for locally advanced 
rectal cancer, despite many efforts having been made. The effect of anti-HER2 targeted drugs, such as 
trastuzumab and lapatinib, on breast cancer with high HER2 expression has been confirmed by several 
international multicentre open randomised controlled studies[36,37]. Studies have shown that 
metastatic CRC with wild-type RAS and HER2 overexpression might benefit from HER2 dual-targeted 
therapy[38,39]. Other studies have shown that trastuzumab, a HER2 inhibitor, can inhibit colony 
formation in colon cancer cells and reduce the viability of CRC cells in vitro[40]. Although this study did 
not involve targeted therapy, the results demonstrated that HER2-positive patients were associated with 
a higher rate of distant metastasis, which was related to poorer DFS and OS. These findings imply that 
more active treatments for patients with HER2-positive rectal cancer with distant metastasis or locally 
recurrent diseases are warranted, such as chemotherapy combined with single-targeted or even dual-
targeted therapy. Moreover, HER2 overexpression in CRC may not only be an important prognostic 
determinant but also a potential therapeutic factor; however, this needs to be investigated further. Given 
that HER2-positive tumour cells are more likely to be aggressive in nature, anti-HER2 treatment may be 
beneficial for improving patient outcomes.

This study had a few limitations. The results showed that 27 (17.9%) patients were confirmed to be 
HER2-positive, a rate higher than that reported in most previous studies. However, this result is still 
considerably consistent with the results of previous studies. Most studies demonstrated that the 
variability of HER2 positivity might be caused by non-uniform judgment criteria, cohort heterogeneity, 
small study populations, different regimes of preoperative chemoradiotherapy, antibody selection 
methods, staining platforms, and so on[41]. In this study, all patients underwent rigid proctoscopy 
before neoadjuvant therapy, and a sufficient amount of tumour tissue was obtained. All samples were 
evaluated using immunohistochemistry, and the evaluation criteria were similar to those used when 
evaluating HER2 expression in gastric cancer. Two experienced pathologists independently performed 
the blind examinations and scoring. For controversial results, the FISH method was used to verify the 
accuracy of the results and exclude the possibility of false positives. A possible reason for the high rate 
of positivity is the potential selection bias resulting from an inadequate number of patients from a 
relatively larger HER2-negative population. However, we believe that due to the higher aggressiveness 
and poor prognoses of HER2-positive patients, our results may be more meaningful when compared 
with the results of these negative patients.

CONCLUSION
In conclusion, a considerable proportion of patients with rectal cancer showed HER2 overexpression. 
HER2 overexpression plays an important role in rectal cancer, which may promote the aggressiveness of 
rectal cancer and may be a potential prognostic biological predictor. For rectal cancer patients receiving 
preoperative neoadjuvant radiotherapy, HER2 overexpression predicts lymph node metastasis and 
distant metastasis and is associated with worse long-term DFS and long-term OS.
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ARTICLE HIGHLIGHTS
Research background
Predictive factors for long-term survival in locally advanced rectal cancer remained controversial. The 
roles of HER2 over-expression was still under discussion.

Research motivation
The effects of HER2 over-expression on the long-term survival was investigated in this prospective 
cohort study.

Research objectives
The associations between clinico-pathological factors and long-term survival were evaluated.

Research methods
Categorical variables were assessed using the Chi square (2 × 2) or Fisher's exact test (2 × C), when 
applicable. Multivariate analysis was performed using a binary logistic regression model (forward: LR). 
Survival analysis was performed by the Kaplan-Meier method, and the differences between groups 
were verified by log-rank test.

Research results
The immunohistochemical results showed that HER2 over-expression was detected in 16.6% (25/151) of 
the tissue samples. HER2 positivity was associated with the pre-treatment N(+) stage (Pre-N) (P = 0.040) 
and the distant metastasis (P = 0.002). There were significant differences between HER2 positive group 
and HER2 negative group with respect to both disease-free survival (DFS) [hazard ratio: 1.69 (95% 
confidence interval: 0.91-3.14); P = 0.048] and overall survival (OS) [1.95 (1.05-3.63); P = 0.0077].

Research conclusions
A considerable part of rectal cancer patients showed HER2 overexpression. HER2 overexpression plays 
an important role in rectal cancer, which may promote the aggressiveness of rectal cancer, and it may be 
a potential prognostic biological predictor. For those rectal cancer patients receiving preoperative 
neoadjuvant radiotherapy, HER2 overexpression predicts lymph node metastasis and distant 
metastasis, and it is associated with worse long-term DFS and long-term OS.

Research perspectives
For rectal cancer patients, with HER2 over-expression, conventional treatment combined with targeted 
therapy might be of help.

ACKNOWLEDGEMENTS
We gave special thanks to faculty members (Professor Gu J, Professor Wu AW, etc.) of Gastro-intestinal 
center Ward III, Beijing Cancer Hospital.

FOOTNOTES
Author contributions: Chen N and Li CL contributed equally to this paper; Chen N and Li CL drafted the manuscript; 
Chen N, Peng YF and Yao YF designed this study.

Supported by Beijing Municipal Administration of Hospitals Incubating Program, No. PZ2020027; and Beijing Talent 
Incubating Funding, No. 2019-4.

Institutional review board statement: The study was reviewed and approved by the Beijing Cancer Hospital 
Institutional Review Board (approval No. 2015KT33).

Clinical trial registration statement: This study is registered at Clinical trial registry of Beijing Cancer Hospital. The 
registration identification number is 2015KT33.

Informed consent statement: All study participants, or their legal guardian, provided informed written consent prior 
to study enrollment.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Data sharing statement: No additional data are available.



Chen N et al. Ten-year follow-up of HER2+ rectal cancer patients

WJGO https://www.wjgnet.com 2058 October 15, 2022 Volume 14 Issue 10

CONSORT 2010 statement: The authors have read the CONSORT 2010 statement, and the manuscript was prepared 
and revised according to the CONSORT 2010 statement.

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: Nan Chen 0000-0002-0085-7472; Chang-Long Li 0000-0001-6665-2341; Yi-Fan Peng 0000-0002-6159-6088; 
Yun-Feng Yao 0000-0001-8433-0688.

Corresponding Author's Membership in Professional Societies: American Society of Colon and Rectal Surgeons, No. 
24353.

S-Editor: Gao CC 
L-Editor: A 
P-Editor: Yuan YY

REFERENCES
Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen YJ, Ciombor KK, Cohen S, Cooper HS, Deming D, Garrido-
Laguna I, Grem JL, Gunn A, Hoffe S, Hubbard J, Hunt S, Kirilcuk N, Krishnamurthi S, Messersmith WA, Meyerhardt J, 
Miller ED, Mulcahy MF, Nurkin S, Overman MJ, Parikh A, Patel H, Pedersen K, Saltz L, Schneider C, Shibata D, Skibber 
JM, Sofocleous CT, Stoffel EM, Stotsky-Himelfarb E, Willett CG, Johnson-Chilla A, Gurski LA. NCCN Guidelines 
Insights: Rectal Cancer, Version 6. 2020. J Natl Compr Canc Netw 2020; 18: 806-815 [PMID: 32634771 DOI: 
10.6004/jnccn.2020.0032]

1     

National Health Commission of the People's Republic of China. Chinese Protocol of Diagnosis and Treatment of 
Colorectal Cancer (2020 edition). Zhonghua Waike Zazhi 2020; 58: 561-585 [PMID: 32727186 DOI: 
10.3760/cma.j.cn112139-20200518-00390]

2     

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin 2020; 70: 7-30 [PMID: 31912902 DOI: 
10.3322/caac.21590]

3     

Leufkens AM, van den Bosch MA, van Leeuwen MS, Siersema PD. Diagnostic accuracy of computed tomography for 
colon cancer staging: a systematic review. Scand J Gastroenterol 2011; 46: 887-894 [PMID: 21504379 DOI: 
10.3109/00365521.2011.574732]

4     

Swedish Rectal Cancer Trial, Cedermark B, Dahlberg M, Glimelius B, Påhlman L, Rutqvist LE, Wilking N. Improved 
survival with preoperative radiotherapy in resectable rectal cancer. N Engl J Med 1997; 336: 980-987 [PMID: 9091798 
DOI: 10.1056/NEJM199704033361402]

5     

Sauer R, Fietkau R, Wittekind C, Rödel C, Martus P, Hohenberger W, Tschmelitsch J, Sabitzer H, Karstens JH, Becker H, 
Hess C, Raab R; German Rectal Cancer Group. Adjuvant vs. neoadjuvant radiochemotherapy for locally advanced rectal 
cancer: the German trial CAO/ARO/AIO-94. Colorectal Dis 2003; 5: 406-415 [PMID: 12925071 DOI: 
10.1046/j.1463-1318.2003.00509.x]

6     

Bosset JF, Collette L, Calais G, Mineur L, Maingon P, Radosevic-Jelic L, Daban A, Bardet E, Beny A, Ollier JC; EORTC 
Radiotherapy Group Trial 22921. Chemotherapy with preoperative radiotherapy in rectal cancer. N Engl J Med 2006; 355: 
1114-1123 [PMID: 16971718 DOI: 10.1056/NEJMoa060829]

7     

van Gijn W, Marijnen CA, Nagtegaal ID, Kranenbarg EM, Putter H, Wiggers T, Rutten HJ, Påhlman L, Glimelius B, van 
de Velde CJ; Dutch Colorectal Cancer Group. Preoperative radiotherapy combined with total mesorectal excision for 
resectable rectal cancer: 12-year follow-up of the multicentre, randomised controlled TME trial. Lancet Oncol 2011; 12: 
575-582 [PMID: 21596621 DOI: 10.1016/S1470-2045(11)70097-3]

8     

Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, Rutten HJ, Pahlman L, Glimelius B, van 
Krieken JH, Leer JW, van de Velde CJ; Dutch Colorectal Cancer Group. Preoperative radiotherapy combined with total 
mesorectal excision for resectable rectal cancer. N Engl J Med 2001; 345: 638-646 [PMID: 11547717 DOI: 
10.1056/NEJMoa010580]

9     

Sauer R, Becker H, Hohenberger W, Rödel C, Wittekind C, Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess CF, 
Karstens JH, Liersch T, Schmidberger H, Raab R; German Rectal Cancer Study Group. Preoperative vs postoperative 
chemoradiotherapy for rectal cancer. N Engl J Med 2004; 351: 1731-1740 [PMID: 15496622 DOI: 
10.1056/NEJMoa040694]

10     

Hsieh AC, Moasser MM. Targeting HER proteins in cancer therapy and the role of the non-target HER3. Br J Cancer 
2007; 97: 453-457 [PMID: 17667926 DOI: 10.1038/sj.bjc.6603910]

11     

Yao YF, Du CZ, Chen N, Chen P, Gu J. Expression of HER-2 in rectal cancers treated with preoperative radiotherapy: a 
potential biomarker predictive of metastasis. Dis Colon Rectum 2014; 57: 602-607 [PMID: 24819100 DOI: 
10.1097/DCR.0000000000000107]

12     

Barros-Silva JD, Leitão D, Afonso L, Vieira J, Dinis-Ribeiro M, Fragoso M, Bento MJ, Santos L, Ferreira P, Rêgo S, 
Brandão C, Carneiro F, Lopes C, Schmitt F, Teixeira MR. Association of ERBB2 gene status with histopathological 

13     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-0085-7472
http://orcid.org/0000-0002-0085-7472
http://orcid.org/0000-0001-6665-2341
http://orcid.org/0000-0001-6665-2341
http://orcid.org/0000-0002-6159-6088
http://orcid.org/0000-0002-6159-6088
http://orcid.org/0000-0001-8433-0688
http://orcid.org/0000-0001-8433-0688
http://www.ncbi.nlm.nih.gov/pubmed/32634771
https://dx.doi.org/10.6004/jnccn.2020.0032
http://www.ncbi.nlm.nih.gov/pubmed/32727186
https://dx.doi.org/10.3760/cma.j.cn112139-20200518-00390
http://www.ncbi.nlm.nih.gov/pubmed/31912902
https://dx.doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/21504379
https://dx.doi.org/10.3109/00365521.2011.574732
http://www.ncbi.nlm.nih.gov/pubmed/9091798
https://dx.doi.org/10.1056/NEJM199704033361402
http://www.ncbi.nlm.nih.gov/pubmed/12925071
https://dx.doi.org/10.1046/j.1463-1318.2003.00509.x
http://www.ncbi.nlm.nih.gov/pubmed/16971718
https://dx.doi.org/10.1056/NEJMoa060829
http://www.ncbi.nlm.nih.gov/pubmed/21596621
https://dx.doi.org/10.1016/S1470-2045(11)70097-3
http://www.ncbi.nlm.nih.gov/pubmed/11547717
https://dx.doi.org/10.1056/NEJMoa010580
http://www.ncbi.nlm.nih.gov/pubmed/15496622
https://dx.doi.org/10.1056/NEJMoa040694
http://www.ncbi.nlm.nih.gov/pubmed/17667926
https://dx.doi.org/10.1038/sj.bjc.6603910
http://www.ncbi.nlm.nih.gov/pubmed/24819100
https://dx.doi.org/10.1097/DCR.0000000000000107


Chen N et al. Ten-year follow-up of HER2+ rectal cancer patients

WJGO https://www.wjgnet.com 2059 October 15, 2022 Volume 14 Issue 10

parameters and disease-specific survival in gastric carcinoma patients. Br J Cancer 2009; 100: 487-493 [PMID: 19156142 
DOI: 10.1038/sj.bjc.6604885]
Kalogiannidis I, Petousis S, Bobos M, Margioula-Siarkou C, Topalidou M, Papanikolaou A, Vergote I, Agorastos T. HER-
2/neu is an independent prognostic factor in type I endometrial adenocarcinoma. Arch Gynecol Obstet 2014; 290: 1231-
1237 [PMID: 25022554 DOI: 10.1007/s00404-014-3333-2]

14     

Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic factor and a novel therapeutic target. Ann Oncol 2008; 
19: 1523-1529 [PMID: 18441328 DOI: 10.1093/annonc/mdn169]

15     

Kaptain S, Tan LK, Chen B. Her-2/neu and breast cancer. Diagn Mol Pathol 2001; 10: 139-152 [PMID: 11552716 DOI: 
10.1097/00019606-200109000-00001]

16     

Gradishar WJ, Moran MS, Abraham J, Aft R, Agnese D, Allison KH, Blair SL, Burstein HJ, Dang C, Elias AD, Giordano 
SH, Goetz MP, Goldstein LJ, Hurvitz SA, Isakoff SJ, Jankowitz RC, Javid SH, Krishnamurthy J, Leitch M, Lyons J, Matro 
J, Mayer IA, Mortimer J, O'Regan RM, Patel SA, Pierce LJ, Rugo HS, Sitapati A, Smith KL, Smith ML, Soliman H, 
Stringer-Reasor EM, Telli ML, Ward JH, Wisinski KB, Young JS, Burns JL, Kumar R. NCCN Guidelines® Insights: 
Breast Cancer, Version 4.2021. J Natl Compr Canc Netw 2021; 19: 484-493 [PMID: 34794122 DOI: 
10.6004/jnccn.2021.0023]

17     

Koeppen HK, Wright BD, Burt AD, Quirke P, McNicol AM, Dybdal NO, Sliwkowski MX, Hillan KJ. Overexpression of 
HER2/neu in solid tumours: an immunohistochemical survey. Histopathology 2001; 38: 96-104 [PMID: 11207822 DOI: 
10.1046/j.1365-2559.2001.01084.x]

18     

Kruszewski WJ, Rzepko R, Ciesielski M, Szefel J, Zieliński J, Szajewski M, Jasiński W, Kawecki K, Wojtacki J. 
Expression of HER2 in colorectal cancer does not correlate with prognosis. Dis Markers 2010; 29: 207-212 [PMID: 
21206005 DOI: 10.3233/DMA-2010-0742]

19     

Liu F, Ren C, Jin Y, Xi S, He C, Wang F, Wang Z, Xu RH. Assessment of two different HER2 scoring systems and clinical 
relevance for colorectal cancer. Virchows Arch 2020; 476: 391-398 [PMID: 31720832 DOI: 10.1007/s00428-019-02668-9]

20     

Meng X, Huang Z, Di J, Mu D, Wang Y, Zhao X, Zhao H, Zhu W, Li X, Kong L, Xing L. Expression of Human Epidermal 
Growth Factor Receptor-2 in Resected Rectal Cancer. Medicine (Baltimore) 2015; 94: e2106 [PMID: 26632727 DOI: 
10.1097/MD.0000000000002106]

21     

Kountourakis P, Pavlakis K, Psyrri A, Rontogianni D, Xiros N, Patsouris E, Pectasides D, Economopoulos T. 
Clinicopathologic significance of EGFR and Her-2/neu in colorectal adenocarcinomas. Cancer J 2006; 12: 229-236 [PMID: 
16803682 DOI: 10.1097/00130404-200605000-00012]

22     

Ingold Heppner B, Behrens HM, Balschun K, Haag J, Krüger S, Becker T, Röcken C. HER2/neu testing in primary 
colorectal carcinoma. Br J Cancer 2014; 111: 1977-1984 [PMID: 25211663 DOI: 10.1038/bjc.2014.483]

23     

Tarantino I, Warschkow R, Worni M, Merati-Kashani K, Köberle D, Schmied BM, Müller SA, Steffen T, Cerny T, Güller 
U. Elevated preoperative CEA is associated with worse survival in stage I-III rectal cancer patients. Br J Cancer 2012; 107: 
266-274 [PMID: 22735902 DOI: 10.1038/bjc.2012.267]

24     

Park YA, Lee KY, Kim NK, Baik SH, Sohn SK, Cho CW. Prognostic effect of perioperative change of serum 
carcinoembryonic antigen level: a useful tool for detection of systemic recurrence in rectal cancer. Ann Surg Oncol 2006; 
13: 645-650 [PMID: 16538413 DOI: 10.1245/ASO.2006.03.090]

25     

Moureau-Zabotto L, Farnault B, de Chaisemartin C, Esterni B, Lelong B, Viret F, Giovannini M, Monges G, Delpero JR, 
Bories E, Turrini O, Viens P, Salem N. Predictive factors of tumor response after neoadjuvant chemoradiation for locally 
advanced rectal cancer. Int J Radiat Oncol Biol Phys 2011; 80: 483-491 [PMID: 21093174 DOI: 
10.1016/j.ijrobp.2010.02.025]

26     

Armstrong D, Raissouni S, Price Hiller J, Mercer J, Powell E, MacLean A, Jiang M, Doll C, Goodwin R, Batuyong E, 
Zhou K, Monzon JG, Tang PA, Heng DY, Cheung WY, Vickers MM. Predictors of Pathologic Complete Response After 
Neoadjuvant Treatment for Rectal Cancer: A Multicenter Study. Clin Colorectal Cancer 2015; 14: 291-295 [PMID: 
26433487 DOI: 10.1016/j.clcc.2015.06.001]

27     

Mirbagheri N, Kumar B, Deb S, Poh BR, Dark JG, Leow CC, Teoh WM. Lymph node status as a prognostic indicator 
after preoperative neoadjuvant chemoradiotherapy of rectal cancer. Colorectal Dis 2014; 16: O339-O346 [PMID: 24916286 
DOI: 10.1111/codi.12682]

28     

Osako T, Miyahara M, Uchino S, Inomata M, Kitano S, Kobayashi M. Immunohistochemical study of c-erbB-2 protein in 
colorectal cancer and the correlation with patient survival. Oncology 1998; 55: 548-555 [PMID: 9778622 DOI: 
10.1159/000011911]

29     

Kapitanović S, Radosević S, Kapitanović M, Andelinović S, Ferencić Z, Tavassoli M, Primorać D, Sonicki Z, Spaventi S, 
Pavelic K, Spaventi R. The expression of p185(HER-2/neu) correlates with the stage of disease and survival in colorectal 
cancer. Gastroenterology 1997; 112: 1103-1113 [PMID: 9097992 DOI: 10.1016/s0016-5085(97)70120-3]

30     

Knösel T, Yu Y, Stein U, Schwabe H, Schlüns K, Schlag PM, Dietel M, Petersen I. Overexpression of c-erbB-2 protein 
correlates with chromosomal gain at the c-erbB-2 Locus and patient survival in advanced colorectal carcinomas. Clin Exp 
Metastasis 2002; 19: 401-407 [PMID: 12198768 DOI: 10.1023/a:1016368708107]

31     

Laurent-Puig P, Balogoun R, Cayre A, Le Malicot K, Tabernero J, Mini E, Folprecht G, Van Laethem JL, Thaler J, 
Nørgård Petersen L, Sanchez E, Bridgewater J, Ellis S, Locher C, Lagorce C, Ramé JF, Lepage C, Penault-Llorca F, Taieb 
J. ERBB2 alterations a new prognostic biomarker in stage III colon cancer from a FOLFOX based adjuvant trial 
(PETACC8). Ann Oncol  2016; 27: VI151 [DOI: 10.1093/annonc/mdw370.08]

32     

Li C, Liu DR, Ye LY, Huang LN, Jaiswal S, Li XW, Wang HH, Chen L. HER-2 overexpression and survival in colorectal 
cancer: a meta-analysis. J Zhejiang Univ Sci B 2014; 15: 582-589 [PMID: 24903996 DOI: 10.1631/jzus.B1300258]

33     

Richman SD, Southward K, Chambers P, Cross D, Barrett J, Hemmings G, Taylor M, Wood H, Hutchins G, Foster JM, 
Oumie A, Spink KG, Brown SR, Jones M, Kerr D, Handley K, Gray R, Seymour M, Quirke P. HER2 overexpression and 
amplification as a potential therapeutic target in colorectal cancer: analysis of 3256 patients enrolled in the QUASAR, 
FOCUS and PICCOLO colorectal cancer trials. J Pathol 2016; 238: 562-570 [PMID: 26690310 DOI: 10.1002/path.4679]

34     

Essapen S, Thomas H, Green M, De Vries C, Cook MG, Marks C, Topham C, Modjtahedi H. The expression and 
prognostic significance of HER-2 in colorectal cancer and its relationship with clinicopathological parameters. Int J Oncol 

35     

http://www.ncbi.nlm.nih.gov/pubmed/19156142
https://dx.doi.org/10.1038/sj.bjc.6604885
http://www.ncbi.nlm.nih.gov/pubmed/25022554
https://dx.doi.org/10.1007/s00404-014-3333-2
http://www.ncbi.nlm.nih.gov/pubmed/18441328
https://dx.doi.org/10.1093/annonc/mdn169
http://www.ncbi.nlm.nih.gov/pubmed/11552716
https://dx.doi.org/10.1097/00019606-200109000-00001
http://www.ncbi.nlm.nih.gov/pubmed/34794122
https://dx.doi.org/10.6004/jnccn.2021.0023
http://www.ncbi.nlm.nih.gov/pubmed/11207822
https://dx.doi.org/10.1046/j.1365-2559.2001.01084.x
http://www.ncbi.nlm.nih.gov/pubmed/21206005
https://dx.doi.org/10.3233/DMA-2010-0742
http://www.ncbi.nlm.nih.gov/pubmed/31720832
https://dx.doi.org/10.1007/s00428-019-02668-9
http://www.ncbi.nlm.nih.gov/pubmed/26632727
https://dx.doi.org/10.1097/MD.0000000000002106
http://www.ncbi.nlm.nih.gov/pubmed/16803682
https://dx.doi.org/10.1097/00130404-200605000-00012
http://www.ncbi.nlm.nih.gov/pubmed/25211663
https://dx.doi.org/10.1038/bjc.2014.483
http://www.ncbi.nlm.nih.gov/pubmed/22735902
https://dx.doi.org/10.1038/bjc.2012.267
http://www.ncbi.nlm.nih.gov/pubmed/16538413
https://dx.doi.org/10.1245/ASO.2006.03.090
http://www.ncbi.nlm.nih.gov/pubmed/21093174
https://dx.doi.org/10.1016/j.ijrobp.2010.02.025
http://www.ncbi.nlm.nih.gov/pubmed/26433487
https://dx.doi.org/10.1016/j.clcc.2015.06.001
http://www.ncbi.nlm.nih.gov/pubmed/24916286
https://dx.doi.org/10.1111/codi.12682
http://www.ncbi.nlm.nih.gov/pubmed/9778622
https://dx.doi.org/10.1159/000011911
http://www.ncbi.nlm.nih.gov/pubmed/9097992
https://dx.doi.org/10.1016/s0016-5085(97)70120-3
http://www.ncbi.nlm.nih.gov/pubmed/12198768
https://dx.doi.org/10.1023/a:1016368708107
https://dx.doi.org/10.1093/annonc/mdw370.08
http://www.ncbi.nlm.nih.gov/pubmed/24903996
https://dx.doi.org/10.1631/jzus.B1300258
http://www.ncbi.nlm.nih.gov/pubmed/26690310
https://dx.doi.org/10.1002/path.4679


Chen N et al. Ten-year follow-up of HER2+ rectal cancer patients

WJGO https://www.wjgnet.com 2060 October 15, 2022 Volume 14 Issue 10

2004; 24: 241-248 [PMID: 14719098]
Gianni L, Dafni U, Gelber RD, Azambuja E, Muehlbauer S, Goldhirsch A, Untch M, Smith I, Baselga J, Jackisch C, 
Cameron D, Mano M, Pedrini JL, Veronesi A, Mendiola C, Pluzanska A, Semiglazov V, Vrdoljak E, Eckart MJ, Shen Z, 
Skiadopoulos G, Procter M, Pritchard KI, Piccart-Gebhart MJ, Bell R; Herceptin Adjuvant (HERA) Trial Study Team. 
Treatment with trastuzumab for 1 year after adjuvant chemotherapy in patients with HER2-positive early breast cancer: a 4-
year follow-up of a randomised controlled trial. Lancet Oncol 2011; 12: 236-244 [PMID: 21354370 DOI: 
10.1016/S1470-2045(11)70033-X]

36     

Baselga J, Bradbury I, Eidtmann H, Di Cosimo S, de Azambuja E, Aura C, Gómez H, Dinh P, Fauria K, Van Dooren V, 
Aktan G, Goldhirsch A, Chang TW, Horváth Z, Coccia-Portugal M, Domont J, Tseng LM, Kunz G, Sohn JH, Semiglazov 
V, Lerzo G, Palacova M, Probachai V, Pusztai L, Untch M, Gelber RD, Piccart-Gebhart M; NeoALTTO Study Team. 
Lapatinib with trastuzumab for HER2-positive early breast cancer (NeoALTTO): a randomised, open-label, multicentre, 
phase 3 trial. Lancet 2012; 379: 633-640 [PMID: 22257673 DOI: 10.1016/S0140-6736(11)61847-3]

37     

Martinelli E, Troiani T, Sforza V, Martini G, Cardone C, Vitiello PP, Ciardiello D, Rachiglio AM, Normanno N, Sartore-
Bianchi A, Marsoni S, Bardelli A, Siena S, Ciardiello F. Sequential HER2 blockade as effective therapy in 
chemorefractory, HER2 gene-amplified, RAS wild-type, metastatic colorectal cancer: learning from a clinical case. ESMO 
Open 2018; 3: e000299 [PMID: 29387480 DOI: 10.1136/esmoopen-2017-000299]

38     

Sartore-Bianchi A, Trusolino L, Martino C, Bencardino K, Lonardi S, Bergamo F, Zagonel V, Leone F, Depetris I, 
Martinelli E, Troiani T, Ciardiello F, Racca P, Bertotti A, Siravegna G, Torri V, Amatu A, Ghezzi S, Marrapese G, Palmeri 
L, Valtorta E, Cassingena A, Lauricella C, Vanzulli A, Regge D, Veronese S, Comoglio PM, Bardelli A, Marsoni S, Siena 
S. Dual-targeted therapy with trastuzumab and lapatinib in treatment-refractory, KRAS codon 12/13 wild-type, HER2-
positive metastatic colorectal cancer (HERACLES): a proof-of-concept, multicentre, open-label, phase 2 trial. Lancet Oncol 
2016; 17: 738-746 [PMID: 27108243 DOI: 10.1016/S1470-2045(16)00150-9]

39     

Conradi LC, Spitzner M, Metzger AL, Kisly M, Middel P, Bohnenberger H, Gaedcke J, Ghadimi MB, Liersch T, Rüschoff 
J, Beißbarth T, König A, Grade M. Combined targeting of HER-2 and HER-3 represents a promising therapeutic strategy in 
colorectal cancer. BMC Cancer 2019; 19: 880 [PMID: 31488078 DOI: 10.1186/s12885-019-6051-0]

40     

Guarini C, Grassi T, Pezzicoli G, Porta C. Beyond RAS and BRAF: HER2, a New Actionable Oncotarget in Advanced 
Colorectal Cancer. Int J Mol Sci 2021; 22 [PMID: 34202896 DOI: 10.3390/ijms22136813]

41     

http://www.ncbi.nlm.nih.gov/pubmed/14719098
http://www.ncbi.nlm.nih.gov/pubmed/21354370
https://dx.doi.org/10.1016/S1470-2045(11)70033-X
http://www.ncbi.nlm.nih.gov/pubmed/22257673
https://dx.doi.org/10.1016/S0140-6736(11)61847-3
http://www.ncbi.nlm.nih.gov/pubmed/29387480
https://dx.doi.org/10.1136/esmoopen-2017-000299
http://www.ncbi.nlm.nih.gov/pubmed/27108243
https://dx.doi.org/10.1016/S1470-2045(16)00150-9
http://www.ncbi.nlm.nih.gov/pubmed/31488078
https://dx.doi.org/10.1186/s12885-019-6051-0
http://www.ncbi.nlm.nih.gov/pubmed/34202896
https://dx.doi.org/10.3390/ijms22136813


WJGO https://www.wjgnet.com 2061 October 15, 2022 Volume 14 Issue 10

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2022 October 15; 14(10): 2061-2076

DOI: 10.4251/wjgo.v14.i10.2061 ISSN 1948-5204 (online)

META-ANALYSIS

Combining of chemotherapy with targeted therapy for advanced 
biliary tract cancer: A systematic review and meta-analysis

Xue-Song Bai, Sheng-Nan Zhou, Yi-Qun Jin, Xiao-Dong He

Specialty type: Gastroenterology 
and hepatology

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, B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Kapritsou M, Greece; 
Kitamura K, Japan; Tzeng IS, 
Taiwan

Received: June 8, 2022 
Peer-review started: June 8, 2022 
First decision: August 20, 2022 
Revised: September 4, 2022 
Accepted: September 13, 2022 
Article in press: September 13, 2022 
Published online: October 15, 2022

Xue-Song Bai, Sheng-Nan Zhou, Xiao-Dong He, Department of General Surgery, Peking Union 
Medical College Hospital, China Academy of Medical Science & Peking Union Medical 
College, Beijing 100730, China

Yi-Qun Jin, Affiliated Hangzhou First People’s Hospital, Zhejiang University School of 
Medicine, Hangzhou 310000, Zhejiang Province, China

Corresponding author: Xiao-Dong He, Doctor, MD, Professor, Department of General Surgery, 
Peking Union Medical College Hospital, China Academy of Medical Science & Peking Union 
Medical College, No. 1 Shuaifuyuan, Dongcheng District, Beijing 100730, China.  
hxdpumch@163.com

Abstract
BACKGROUND 
Targeted therapy (TT) has resulted in controversial efficacy as first-line treatment 
for biliary tract cancer (BTC). More efficacy comparisons are required to clarify 
the overall effects of chemotherapy (CT) combined with TT and CT alone on 
advanced BTC.

AIM 
To conduct a meta-analysis of the available evidence on the efficacy of CT 
combined with TT for advanced BTC.

METHODS 
The PubMed, EMBASE, ClinicalTrials, Scopus and Cochrane Library databases 
were systematically searched for relevant studies published from inception to 
August 2022. Only randomized clinical trials (RCTs) including comparisons 
between the combination of gemcitabine-based CT with TT and CT alone as first-
line treatment for advanced BTC were eligible (PROSPERO-CRD42022313001). 
The odds ratios (ORs) for the objective response rate (ORR) and hazard ratios 
(HRs) for both progression-free survival (PFS) and overall survival (OS) were 
calculated and analyzed. Subgroup analyses based on different targeted agents, 
CT regimens and tumor locations were prespecified.

RESULTS 
Nine RCTs with a total of 1361 individuals were included and analyzed. The 
overall analysis showed a significant improvement in ORR in patients treated 
with CT + TT compared to those treated with CT alone (OR = 1.43, 95%CI: 1.11-
1.86, P = 0.007) but no difference in PFS or OS. Similar trends were observed in the 
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subgroup treated with agents targeting epidermal growth factor receptor (OR = 1.67, 95%CI: 1.17-
2.37, P = 0.004) but not in the subgroups treated with agents targeting vascular endothelial growth 
factor receptor or mesenchymal-epithelial transition factor. Notably, patients who received a CT 
regimen of gemcitabine + oxaliplatin in the CT + TT arm had both a higher ORR (OR = 1.75, 
95%CI: 1.20-2.56, P = 0.004) and longer PFS (HR = 0.83, 95%CI: 0.70-0.99, P = 0.03) than those in the 
CT-only arm. Moreover, patients with cholangiocarcinoma treated with CT + TT had significantly 
increased ORR and PFS (ORR, OR = 2.06, 95%CI: 1.27-3.35, PFS, HR = 0.79, 95%CI: 0.66-0.94).

CONCLUSION 
CT + TT is a potential first-line treatment for advanced BTC that leads to improved tumor control 
and survival outcomes, and highlighting the importance of CT regimens and tumor types in the 
application of TT.

Key Words: Advanced biliary tract cancer; Targeted therapy; Chemotherapy; Meta-analysis; Randomized 
controlled trial; First-line treatment

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The clinical efficacy of adding targeted agents to first-line treatment of biliary tract cancer (BTC) 
remains unclear. Our study is the first meta-analysis of randomized clinical trials to evaluate the efficacy 
of the combination of targeted therapy (TT) with standard chemotherapy (CT) as first-line treatment in 
patients with advanced BTC. We assessed the efficacy of combined TT and CT in terms of objective 
response rate, progression-free survival and overall survival. Subgroup analyses were conducted based on 
different targeted agents, CT regimens and tumor locations.

Citation: Bai XS, Zhou SN, Jin YQ, He XD. Combining of chemotherapy with targeted therapy for advanced 
biliary tract cancer: A systematic review and meta-analysis. World J Gastrointest Oncol 2022; 14(10): 2061-2076
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/2061.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.2061

INTRODUCTION
Biliary tract cancer (BTC), including cholangiocarcinoma (CCA) (intrahepatic cholangiocarcinoma 
(iCCA), perihilar cholangiocarcinoma, or cholangiocarcinoma in the distal biliary tree) and gallbladder 
cancer (GBC), is a relatively rare invasive adenocarcinoma with a dismal prognosis. In recent decades, 
the incidence of BTC has shown a consistent increasing trend worldwide, particularly in Asian countries
[1]. Surgery offers the only potentially curative treatment option for patients who have resectable 
disease. The high incidence of lymph node involvement and liver invasion are associated with worse 
clinical outcomes after surgery. However, given the frequent absence of symptoms and late diagnosis in 
patients with BTC, only a minority of patients (35% for CCA and 20% for GBC) are potential candidates 
for radical resection; even after resection with a negative surgical margin, the postoperative relapse rate 
is over 60%[2-4].

For patients with advanced BTC, including radically unresectable or metastatic adenocarcinoma[5], 
the available systemic therapeutics have limited effect, with a five-year survival of 4%[6,7]. Currently, 
the first-line treatment for advanced BTC remains gemcitabine-based chemotherapy regimens[1]. 
According to the ABC-02 trial in 2010, gemcitabine and cisplatin combination chemotherapy (CisGem) 
was verified to improve overall survival (OS), progression-free survival (PFS) and tumor control rate 
(TCR) compared with gemcitabine monotherapy in patients with CCA and GBC[6,8]. Gemcitabine and 
oxaliplatin (GemOx) combination therapy was also identified as an alternative to CisGem. The results of 
a phase III randomized controlled trial (RCT) in 2019 showed that modified GemOx might lead to a 
longer median OS (P = 0.57) and different toxicities than CisGem[9]. In addition, randomized phase 3 
study trials evaluating efficacy have shown that the efficacy of gemcitabine and S1 combination 
regimens are noninferior to that of CisGem[10]. Nevertheless, no studies have verified if the superiority 
of such regimens over CisGem has statistical significance.

Due to the limited efficacy of current chemotherapy (CT) regimens for advanced BTC, new therapies 
need to be developed. In the past decade, through new parallel sequencing of malignancies, several 
genetic alterations and molecular characteristics for BTC have been further revealed, including isocitrate 
dehydrogenase (IDH)-1 and -2 mutations, fibroblast growth factor receptor (FGFR) fusions, neurotropic 
tyrosine kinase receptor fusions, V-raf murine sarcoma viral oncogene homolog B (BRAF) mutations 
and aberrations of human epidermal growth factor receptor (HER) family members[11-14]. Targeted 
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therapies (TTs) based on monoclonal antibodies or tyrosine kinase inhibitors associated with actionable 
genetic alterations in BTC are being extensively explored. Recently, combinations of CT and TT have 
been attempted to improve the prognosis for advanced BTC, but the clinical efficacy remains to be 
further evaluated[15].

Considering that the high heterogeneity and low incidence of BTC impede the recruitment of large 
cohorts of patients to identify effective targets and regimens in clinical trials, meta-analysis is needed to 
further assess the value of TT and investigate the survival benefits of this treatment. This study is the 
first meta-analysis of RCTs to evaluate the efficacy of the combination of TT with standard CT as first-
line treatment for patients with advanced BTC.

MATERIALS AND METHODS
This systematic review and meta-analysis was conducted in accordance with the guidelines of the 
Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement guidelines 
and was prospectively registered in The International Prospective Register of Systematic Reviews 
(PROSPERO, https://www.crd.york.ac.uk/prospero/) platform (registration number CRD 
42022313001).

Search strategy
A systematic literature search of the PubMed/MEDLINE, Clinical Trials, EMBASE, SOCPUS and 
Cochrane Library databases was conducted from inception to August 2022. Various combinations of the 
following search terms were used in the database searches: "biliary tract cancer", "gallbladder 
neoplasms", "cholangiocarcinoma", "molecular targeted therapy" and "antineoplastic agents". Reference 
Citation Analysis (https://www.referencecitationanalysis.com) was used to avoid missing relevant 
studies. In addition, we searched the reference lists of the included literature and potentially relevant 
studies to retrieve studies from other sources. The detailed search strategy and results are described in 
the supplement (Supplementary Table 1).

Selection criteria
Trials were eligible for inclusion if they met the following criteria: (1) Randomized controlled trials 
involving patients with BTC who were treated with targeted therapy and chemotherapy as first-line 
treatment; and (2) Advanced, unresectable, recurrent or metastatic BTC with PFS, OS, and/or objective 
response rate (ORR) reported. Studies involving the following were excluded: (1) No standard 
chemotherapy arm as a control; (2) Case reports, reviews, commentaries, notes and letters; and (3) Non-
English language articles. Two independent reviewers conducted the assessment of all the searched 
studies. To avoid duplicate clinical data, the registration information in ClinicalTrials.gov was checked, 
and the most recent and most complete publication was incorporated.

Data extraction and quality assessment
Two authors independently extracted the data and information. In the event of a disagreement, the data 
source was checked, and a third reviewer was consulted to confirm the correct data. The following 
information was extracted: the first author’s name, journal name, publication year, study period, 
national clinical trial number, institution and country. The detailed demographic characteristics 
included the number of patients, age, sex and disease site. Regarding therapeutic interventions, 
information on the treatment regimen was collected. The efficacy outcomes extracted included the ORR, 
PFS and OS. If the hazard ratios (HRs) of OS or PFS were not reported in the literature, Engauge 
Digitizer 4.1 was used to plot points on the survival curves and extract the HR values.

The risk of bias and quality of the RCTs were assessed by two independent authors in accordance 
with the criterion of the Cochrane risk of bias tool (ROB) including the following seven dimensions: 
blinding of participants and personnel (performance bias), blinding of outcome assessment (detection 
bias), incomplete outcome data (attrition bias), selective reporting (reporting bias) and other bias. A 
third author was consulted to resolve any disagreements.

Statistical analysis
Pooled HRs with 95%CIs were calculated for time-to-event data, including OS and PFS. Estimated odds 
ratios (ORs) were calculated for discrete variables, including the ORR and adverse events. The selection 
of a fixed- or random-effects model was based on the level of heterogeneity of the data, which was 
assessed by Cochran’s Q-test and the Higgins I2 statistic. A fixed effects model was adopted for I2 < 50%, 
and a random effect model was adopted for I2 > 50%. The potential bias of the publications was 
presented as funnel plots and measured using Egger's tests. Subgroup analysis was performed based on 
the different targets of the agents, CT regimens and location of the BTC. P < 0.05 was considered statist-
ically significant. All statistical analyses of the extracted data were conducted with Review Manager 
5.4.1 (Cochrane Collaboration, Oxford, United Kingdom).

https://www.crd.york.ac.uk/prospero/
https://www.referencecitationanalysis.com
https://f6publishing.blob.core.windows.net/79deb11e-7ad8-4258-962a-a131300d0f7f/WJGO-14-2061-supplementary-materials.pdf
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RESULTS
Study search and selection
The PRISMA flowchart of the study search and selection process is presented in Figure 1. A total of 1654 
records were retrieved in the initial search of PubMed, Embase, Scopus, Cochrane Library and Clinical-
Trials.gov. A total of 621 records were duplicates and removed, and 1033 records were screened for 
eligibility using titles and abstracts. Of the 32 studies that underwent full-text assessment, nine RCTs 
met the prespecified inclusion criteria for the meta-analysis[16-24].

Study characteristics and quality assessment
The design characteristics of the nine clinical trials are summarized in Table 1. All 9 studies included 
were RCTs. Data on a total of 1361 patients were provided in the nine included trials. Eight targeted 
treatment regimens (ramucirumab, merestinib, panitumumab, cediranib, vandetanib, cetuximab, 
sorafenib and erlotinib) and three gemcitabine-based first-line CT regimens (CisGem, GemOx and 
gemcitabine) were used. Four of the studies were designed with blinding using CT plus placebo as 
comparators. All studies reported final data for ORR, PFS and OS as endpoints, with an acceptable 
sample size of patients and adequate length of follow-up. The quality assessment of the included articles 
was evaluated with the ROB (Supplementary Figure 1).

The descriptions of all the trial patients are presented in Table 2. Overall, the median age of the 
patients ranged from 59 to 68 years old. Most patients in these cohorts had unresectable disease with 
metastases. There was no difference between the CT group and CT combined with TT group in the 
distribution of age, sex, Eastern Cooperative Oncology Group performance status, disease status or 
primary tumor site.

Evaluation of efficacy
ORR: The ORR reported in the studies ranged from 19.3% to 44% in the CT + TT group and 10% to 39% 
in the CT group (Figure 2A). No significant heterogeneity was detected among studies, with I2 = 44% 
and P = 0.06. Therefore, the fixed-effect model was adopted for the meta-analysis. The pooled data 
showed that CT + TT could significantly increase the ORR in BTC compared to CT (OR = 1.43, 95%CI: 
1.11-1.86, P = 0.007). Subgroup analyses showed heterogeneity between different targeting molecules (I2 

= 60.5%, P = 0.05), implying that different therapeutic targets might an interaction effect on the ORR of 
BTC patients. CT + TT targeting for epidermal growth factor receptor (EGFR) might more effectively 
enhance the ORR in BTC than CT alone (Figure 2B, OR = 1.67, 95%CI: 1.17-2.37, P = 0.004), but no 
difference was found for agents targeting vascular endothelial growth factor receptor (VEGFR) (P = 
0.29), mesenchymal-epithelial transition factor (MET) (P = 0.09) or VEGFR/EGFR (P = 0.41). No 
significant heterogeneity was detected in the ORR among subgroups of different CT regimens (I2 = 
14.5%, P = 0.31). In the GemOx subgroup, the ORR was higher in the CT + TT arm than in the CT-only 
arm (Figure 2C, OR = 1.75, 95%CI: 1.20-2.56, P = 0.004).

PFS: The median PFS ranged from 4.1 to 8.25 mo in the CT-only group and 3.0 to 8.0 mo in the CT 
combined with TT group. The overall pooled HR for OS was calculated based on a fixed-effect model (I2 

= 32%, P = 0.15). The results showed that the BTC patients in the group treated with CT + TT had a 
longer PFS than those treated with CT alone, but this difference was not statistically significant 
(Figure 3A, HR = 0.96, 95%CI: 0.85-1.08, P = 0.47). In the subgroup analysis, the selection of different CT 
regimens was found to have an interaction effect on PFS in BTC patients (I2 = 70.0%, P = 0.04). When the 
CT regimen was GemOx, a remarkable survival benefit was observed in the CT + TT group compared to 
the CT-only group (HR = 0.83, 95%CI: 0.70-0.99, P = 0.03). Similar to the ORR results, when targeting 
EGFR, the combination of CT with TT still tended to lead to better PFS for BTC patients, although no 
statistical significance was observed (OR = 0.88, 95%CI: 0.75-1.03, P = 0.11) (P = 0.59 when targeting 
VEGFR, P = 0.21 when targeting VEGFR/EGFR, P = 0.49 when targeting MET).

OS: The median OS ranged from 9.5 to 20.07 mo in the CT-only group and 8.4 to 14.1 mo in the CT 
combined with TT group. Except for the Santoro et al[21]. study, all of the studies reported OS with HR 
data and events as outcomes. The fixed-effect model was applied, with I2 = 0% and P = 0.53. The pooled 
data showed no significant improvement in the OS of BTC patients treated with CT + TT compared to 
those treated with CT alone (Figure 4A, HR = 1.04, 95%CI: 0.92-1.19, P = 0.50). Subgroup analysis among 
different molecular targets and CT regimens failed to show differences between CT and CT + TT (both I2 
= 0%).

Exploratory analysis
Exploratory analyses were performed to compare the effect of combining CT with TT according to the 
site of tumor origin (Figure 5). Among the 9 studies, two studies differentiated the data of PFS for GBC 
from BTC. Four studies reported PFS data for CCA [iCCA or extrahepatic cholangiocarcinoma (eCCA)]. 
After data pooling, heterogeneity was detected among subgroups in PFS according to tumor location (I2 

= 78.4%, P = 0.03), with no significant heterogeneity within subgroups (both I2 = 0%). In the subgroup of 
patients with CCA, CT + TT conferred an improved ORR and PFS benefit compared to CT alone (ORR: 

https://f6publishing.blob.core.windows.net/79deb11e-7ad8-4258-962a-a131300d0f7f/WJGO-14-2061-supplementary-materials.pdf
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Table 1 Characteristics of trials included in the analysis

Number of patients
Ref. NCT number Country/regions Study period

CT CT + TT
Chemotherapy regimen

106Valle et al[1], 2021 NCT02711553 18 countries and regionsa May, 2016 to Aug, 
2017

101

102

CisGem

Vogel et al[17], 2018 NCT01320254 Germany Jul, 2011 to Dec, 2015 28 62 CisGem

Leone et al[18], 2016 NCT01389414 Italy Jun, 2010 to Sept, 
2013

44 45 GemOx

Valle et al[19], 2015 NCT00939848 UK Apr, 2011 to Sept, 
2012

60 62 CisGem

Santoro et al[21], 
2015

NCT00753675 Italy Oct, 2008 to Sept, 
2012

56 58 Gemcitabine

Chen et al[20], 2015 NCT01267344 China Dec, 2010 to May, 
2012

60 62 GemOx

Moehler et al[22], 
2014

NCT00661830 Germany May, 2008 to Jul, 
2011

48 49 Gemcitabine

Malka et al[23], 2014 NCT00552149 France and Germany Oct, 2007 to Dec, 
2009

74 76 GemOx

Lee et al[24], 2012 NCT01149122 South Korea Feb, 2009 to Aug, 
2010

133 135 GemOx

a18 countries and regions include United States, Taiwan, South Korea, Turkey, Argentina, France, Russia, Spain, United Kingdom, Germany, Australia, 
Belgium, Hungary, Czech Republic, Sweden, Mexico, Denmark, Austria.
CT: Chemotherapy; TT: Targeted therapy; CisGem: Gemcitabine combined with Cisplatin; GemOx: Gemcitabine combined with Oxaliplatin; ORR: Overall 
response rate; OS: Overall survival; PFS: Progression-free survival.

OR = 2.06, 95%CI: 1.27, 3.35, P = 0.003; PFS: HR = 0.79, 95%CI: 0.66-0.94, P = 0.010). In contrast, the ORR 
and PFS did not differ among patients with GBC (ORR: P = 0.77, PFS: P = 0.30). The OS was similar 
between the CT and CT + TT groups for both CCA and GBC patients.

Assessment of publication bias
Publication bias was assessed by Egger’s test and is presented as a funnel plot. Both the P value from 
Egger’s test and the symmetry seen from the funnel plot indicate that there was no evidence of 
significant publication bias for ORR, PFS or OS in our meta-analysis (Figure 6, Egger’s test, P = 0.756, 
0.171, 0.706, respectively).

DISCUSSION
BTC tends to be diagnosed late and is associated with a poor prognosis. Currently, gemcitabine-based 
CT is still the standard first-line treatment for unresectable advanced BTC. However, the median 
survival in gemcitabine-treated BTC patients is only approximately 12 mo[13]. To further improve 
patient prognosis, more effective first-line strategies need to be explored[25]. Therefore, triple CT 
combinations such as with the addition of S-1 or nab-paclitaxel to the standard of care CisGem, 5-
fluorouracil, irinotecan and oxaliplatin as well as some new agents such as NUC-1031 have also been 
evaluated in phase 2 clinical trials and demonstrated favorable safety profile[26-28]. Thereinto, 
gemcitabine, cisplatin plus S-1 showed survival benefits and higher risk ratio than gemcitabine, 
cisplatin. However, further exploration is required with phase III clinical trials for improving the clinical 
outcomes of advanced BTC patients. Recently, with the further understanding and exploration of the 
molecular characteristics of BTC, several actionable mutations have been identified and have changed 
the treatment paradigm for BTC. Currently, inhibitors targeting FGFR fusions and IDH-1 and -2 
mutations have been tested in clinical trials with encouraging outcomes for pretreated CCA. As one of 
the most promising targets, the survival benefit of IDH-1 inhibitors as a second-line treatment option in 
IDH-1-mutated CCA has been demonstrated in a phase III clinical trial[29]. In addition, some pre-
clinical and early clinical studies on other potential targets including HER-2, BRAF and ring finger 
protein 43 mutations are currently undertaken[30]. However, their efficacy as first-line treatment for 
BTC is still being evaluated in ongoing clinical trials (NCT02386397). Due to the lack of adequate patient 
selection, whether the addition of TT to first-line treatment improves prognosis compared with CT 
alone has been controversial to date.
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Table 2 Patient characteristics in the included studies

Ref. Design Age, median Males/females ECOG 0/1-2 Locally 
advanced/metastatic Primary tumour site

CisGem 59 53/48 61/39 2/98 iCCA, 55; GBC, 26; 
eCCA, 14; AoV, 5

Ramucirumab 64 46/60 45/58 3/103 iCCA, 56; GBC, 24; 
eCCA, 18; AoV, 8

Valle et al[1], 
2021

Merestinib 62 48/54 52/50 4/98 iCCA, 60; GBC, 22; 
eCCA, 14; AoV, 6

CisGem 59.5 14/14 11/17 5/17 GBC, 3; dCCA, 1; 
pCCA, 2; iCCA, 20; 
Others, 6

Vogel et al[17], 
2018

Panitumumab 62 36/26 21/39 13/42 GBC, 11; dCCA, 7; 
pCCA, 2; iCCA, 41; 
Others, 6

GemOx 64.2 15/29 1/43 6/38 iCCA, 21; eCCA, 7; 
GBC, 16

Leone et al[18], 
2016

Panitumumab 63.9 17/28 0/45 8/37 iCCA, 21; eCCA, 12; 
GBC, 12

CisGem 64.5 28/34 28/34 8/54 iCCA, 15; eCCA, 24; 
GBC, 19; AoV, 4

Valle et al[19], 
2015

Cediranib 68 34/28 27/35 12/50 iCCA, 14; eCCA, 24; 
GBC, 20; AoV, 4

Gemcitabine 64 25/31 34/21 NR iCCA, 29; eCCA, 13; 
GBC, 7; AoV, 6

Santoro et al[21], 
2015

Vandetanib 64.4 31/27 36/23 NR iCCA, 31; eCCA, 10; 
GBC, 13; AoV, 4

GemOx 59 30/30 17/43 17/43 iCCA, 45; eCCA, 10; 
GBC, 5

Chen et al[20], 
2015

Cetuximab 61 28/34 18/44 23/39 iCCA, 44; eCCA, 9; 
GBC, 9;

Gemcitabine 64.5 25/23 9/35 NR GBC, 7; iCCA, 29Moehler et al
[22], 2014

Sorafenib 64 29/20 17/30 NR GBC, 6; iCCA, 33

GemOx 62 42/32 27/43 15/59 iCCA, 46; eCCA, 14; 
GBC, 11; AoV, 0

Malka et al[23], 
2014

Cetuximab 61 43/33 35/36 17/59 iCCA, 49; eCCA, 8; 
GBC, 11; AoV, 1

GemOx 61 79/54 20/113 0/133 CCA, 84; GBC, 47; 
AoV, 2;

Lee et al[24], 
2012

Erlotinib 59 91/44 26/109 0/135 CCA, 96; GBC, 35; 
AoV, 4

ECOG: Eastern Co-operative Oncology Group; CisGem: Gemcitabine combined with Cisplatin; GemOx: Gemcitabine combined with Oxaliplatin; iCCA: 
Intrahepatic cholangiocarcinoma; GBC: Gallbladder carcinoma; eCCA: Extrahepatic cholangiocarcinoma; AoV: Ampulla of Vater; dCCA: Distal 
cholangiocarcinoma; pCCA: Perihilar cholangiocarcinoma; CCA: Cholangiocarcinoma.

This analysis pooled and analyzed data from a total of 1361 individuals from 9 RCTs to compare the 
effects of CT with TT or CT alone, in terms of the ORR, PFS and OS, as BTC treatment. Our results 
suggest that combination TT with CT as first-line systemic treatment for advanced biliary tract 
malignancies might be associated with beneficial outcomes in some situations.

Overall, our meta-analysis showed a significant improvement in the ORR in unselected patients 
treated with CT + TT compared to that in patients treated with CT (28.6% vs 20.7%). All the trials 
included adopted gemcitabine-based CT schedules for first-line systemic therapy, which is consistent 
with the current standards of care. Therefore, the ORR of CisGem was superior to that of gemcitabine 
alone, similar to in the phase III ABC-02 study[6]. Oxaliplatin is sometimes substituted for cisplatin. The 
adoption of GemOx as first-line CT is based on the fact that oxaliplatin is easier to administer than 
cisplatin, as it does not require excessive hydration and reduces the risk of renal toxicity, but maintains 
a similar efficacy to CisGem[6,31,32]. However, there has been no direct comparison or validated 
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Figure 1 Flowchart of the study selection process. RCT: Randomized clinical trials.

superiority among different combinations (CisGem and GemOx) in advanced BTC. Our results 
demonstrate that combination TT with CT might significantly improve the ORR in BTC patients treated 
with GemOx (27.4% vs 17.7%, P = 0.004). Moreover, a similar significant advantage was observed in PFS 
for combination TT with CT, which we regard as a more unbiased outcome than OS, because OS is 
susceptible to the influence of subsequent therapies and other factors (HR = 0.83, P = 0.03)[33].

In the subgroup analysis of GemOx, the main driver of the OS benefit favoring the combination of TT 
and CT was the data from the study from Lee et al[24], in which erlotinib plus GemOx yielded a clear 
improvement in ORR (30% vs 15.8, P = 0.005) and a marginal superiority in PFS (5.8 mo vs 4.2 mo, HR = 
0.80, 95%CI: 0.61-1.03, P = 0.087) compared with GemOx alone. Similar to our results, the PFS improved 
significantly with cetuximab plus gemcitabine treatment (HR = 0.66, 95%CI: 0.45-0.98, P = 0.04) in the 
study by Chen et al[20] that included Chinese patients. Unlike the other studies in this subgroup, Chen 
et al[20] adopted the modified GemOx regimen, which might have a better compliance rate than 
traditional GemOx, and observed a significantly longer treatment duration for GemOx plus cetuximab 
than for GemOx alone (P = 0.01). These results suggest that relatively mild CT regimens plus TT might 
be advantageous and beneficial for advanced BTC patients, especially Asian patients.

The heterogeneity of different anatomical locations and molecular profiles has been demonstrated to 
be associated with differences in clinicopathologic features and prognoses of advanced BTC. However, 
complete information about treatment and survival is usually absent in classifications that are based on 
molecular subtypes and anatomical location[34]. The subgroup analysis showed that the combination of 
EGFR agents with CT significantly improved the ORR compared with CT alone (30.3% vs 19.5%, P = 
0.004), but no significant difference in PFS or OS was observed between the two groups. These results 
corroborate the finding of a pooled analysis by Eckel et al[35] that analyzed pooled data from 161 trials 
containing 6337 BTC patients treated with gemcitabine-based CT with or without TT. The study also 
demonstrates that the combination of EGFR-targeted agents with gemcitabine-based CT was more 
effective for tumor control and survival, with superior outcomes in the TCR, tumor progression and OS.

Nevertheless, most of the RCTs (except for the study from Chen et al[20]) could not independently 
validate a significant improvement with the combination of TT with CT. Given that differences in 
survival outcomes and molecular profiling have been reported between GBC and non-GBC BTCs, an 
exploratory analysis based on different tumor locations was conducted[6,36,37]. Previous studies have 
shown that patients with CCA tend to exhibit better chemosensitivity and prognoses than those with 
GBC[38]. Interestingly, in our meta-analysis, both the ORR and PFS in the iCCA and eCCA subgroups 



Bai XS et al. Targeted therapy in biliary tract cancer

WJGO https://www.wjgnet.com 2068 October 15, 2022 Volume 14 Issue 10

Figure 2 Forest plots on the assessment of objective response rate in biliary tract cancer patients treated with chemotherapy + targeted 
therapy or chemotherapy alone. A: Overall population; B: Subgroup analysis according to agent targets; C: Subgroup analysis according to chemotherapy 
regimens. CT: Chemotherapy; TT: Targeted therapy; EGFR: Epidermal growth factor receptor; VEGFR: Vascular endothelial growth factor receptor; MET: 
Mesenchymal-epithelial transition factor.
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Figure 3 Forest plots on the assessment of progression-free survival in biliary tract cancer patients treated with chemotherapy + targeted 
therapy or chemotherapy alone. A: Overall population; B: Subgroup analysis according to agent targets; C: Subgroup analysis according to chemotherapy 
regimens. EGFR: Epidermal growth factor receptor; VEGFR: Vascular endothelial growth factor receptor; MET: Mesenchymal-epithelial transition factor.

improved with the combination treatment of TT with CT (vs CT alone) (P = 0.003, P = 0.010, 
respectively), but no difference in ORR or PFS was observed for the GBC subgroup (combination of TT 
with CT vs CT alone). Our results suggest that CCA might be associated with better treatment response 
and survival outcomes than GBC. Due to the different characteristics and patterns of CCA and GBC, 
more clinical data evaluating tumor location-specific outcomes should be reported in the future.
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Figure 4 Forest plots on the assessment of overall survival in biliary tract cancer patients treated with chemotherapy + targeted therapy 
or chemotherapy alone. A: Overall population; B: Subgroup analysis according to agent targets; C: Subgroup analysis according to chemotherapy regimens. 
EGFR: Epidermal growth factor receptor; VEGFR: Vascular endothelial growth factor receptor; MET: Mesenchymal-epithelial transition factor.

Limitations
There are some potential limitations in our study. First, due to our strict inclusion criteria, only nine 
studies were included in the meta-analysis. Even so, the nearly symmetrical funnel plot and Egger’s test 
indicated no evidence of publication bias. Second, the proportion of BTCs was imbalanced in terms of 
tumor location, which might have implications for overall tumor control and survival outcomes. 
Furthermore, the detailed data for subgroups of tumor location were incomplete, which might also 
influence the quality of the evaluation for overall outcomes. Moreover, the gender ratio, age and 
countries of patients were assumed to be similar, although they varied among the included studies. In 
addition, only English studies were included, which might result in a risk of language bias.
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Figure 5 Forest plot comparing the efficacy of chemotherapy + targeted therapy and chemotherapy in different types of tumors. A: 
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Objective response rate; B: progression-free survival; C: Overall survival. CT: Chemotherapy; TT: Targeted therapy; iCCA: Intrahepatic cholangiocarcinoma; eCCA: 
Extrahepatic cholangiocarcinoma; GBC: Gallbladder cancer.

Figure 6 Funnel plot for the assessment of publication bias. A: Publication bias for objective response rate; B: Publication bias for progression-free 
survival; C: Publication bias for overall survival. HR: Hazard ratio.

CONCLUSION
In conclusion, this meta-analysis provides supporting clinical evidence for the promise of TT as first-line 
systemic therapy for advanced BTC. Gemcitabine-based CT combined with TT, especially agents 
targeting EGFR, could evidently increase the ORR for advanced BTC compared to CT alone. However, 
the higher ORR did not appear to translate into a significant benefit in PFS or OS in most of the 
prospective trials. Despite this, we identified that the CT regimen and tumor location had significant 
interactions in assessing the effect of TT in advanced BTC. CT combined with TT significantly improved 
the survival outcome of advanced BTC in patients who received GemOx as first-line treatment or those 
with CCA but not GBC. A deeper understanding of TT is required and the results are promising for the 
development of novel treatment strategies for advanced BTC. Our results help facilitate the design of 
future clinical trials for advanced BTC.

ARTICLE HIGHLIGHTS
Research background
The prognosis of patients with advanced biliary tract cancer (BTC) is poor. The clinical efficacy of 
combining chemotherapy (CT) with targeted therapy (TT) as first-line treatment remains controversial.

Research motivation
Currently, TT based on actionable genetic alterations in BTC are being extensively explored. However, 
the clinical efficacy of combination CT with TT as first-line treatment for advanced BTC is unclear. A 
meta-analysis is necessary to systematically and comprehensively evaluate the clinical value of TT for 
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advanced BTC.

Research objectives
The purpose of this meta-analysis was to explore the value of CT combined with TT as first-line 
treatment for advanced BTC.

Research methods
We systematically searched PubMed, EMBASE, ClinicalTrials, Scopus, and the Cochrane Library 
databases to screen and include randomized clinical trials (RCTs) on gemcitabine-based CT alone vs the 
combination of TT and CT as first-line treatment for advanced BTC. Review Manager 5.4.1 software was 
used to conduct the statistical analysis. Objective response rate (ORR), progression-free survival (PFS) 
and overall survival (OS) were analyzed as main outcomes. Subgroup analyses based on different 
targeted agents, CT regimens and tumor locations were performed.

Research results
Our meta-analysis showed a significant improvement in ORR in patients treated with CT + TT 
compared to those treated with CT alone (P = 0.007), but no difference in PFS or OS. Similar trends were 
observed in the subgroup treated with agents targeting EGFR (P = 0.004). Notably, patients who 
received a CT regimen of gemcitabine + oxaliplatin in the CT + TT arm had both a higher ORR (P = 
0.004) and longer PFS (P = 0.03) than those in the CT-only arm. Moreover, patients with cholangiocar-
cinoma treated with CT + TT had significantly increased ORR and PFS.

Research conclusions
Our study is the first meta-analysis of RCTs to evaluate the efficacy of the combining TT with standard 
CT as first-line treatment for advanced BTC. The meta-analysis has demonstrated that CT + TT is a 
promising first-line treatment for advanced BTC that leads to improved clinical outcomes.

Research perspectives
In the future, more clinical studies are needed to explore the role of TT for advanced BTC. In addition, 
attention should be paid on the interactions of CT regimen and tumor location for assessing the clinical 
efficacy of TT in advanced BTC.
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Abstract
BACKGROUND 
Disseminated carcinomatosis of the bone marrow (DCBM) is a widespread 
metastasis with a hematologic disorder that is mainly caused by gastric cancer. 
Although it commonly occurs as a manifestation of recurrence long after curative 
treatment, the precise mechanism of relapse from dormant status remains unclear. 
Granulocyte colony-stimulating factor (G-CSF) can promote cancer progression 
and invasion in various cancers. However, the potential of G-CSF to trigger 
recurrence from a cured malignancy has not been reported.

CASE SUMMARY 
A 55-year-old Japanese woman was diagnosed with Ewing sarcoma localized on 
the fifth lumbar vertebrae 6 years after curative gastrectomy for T1 gastric cancer. 
After palliative surgery to release nerve compression, pathological diagnosis of 
the resected specimen was followed by curative radiation and chemotherapy. 
During treatment, G-CSF was administered 32 times for severe neutropenia 
prophylaxis. Eight months after completing definitive treatment, she complained 
of severe back pain and was diagnosed as multiple bone metastases with DCBM 
from gastric cancer. Despite palliative chemotherapy, she died of disseminated 
intravascular coagulation 13 d after the diagnosis. Immunohistochemical 
examination of the autopsied bone marrow confirmed a diffuse positive staining 
for the G-CSF receptor (G-CSFR) in the relapsed gastric cancer cell cytoplasm, 
whereas the primary lesion cancer cells showed negative staining for G-CSFR. In 
this case, G-CSF administration may have been the key trigger for the dissem-
inated relapse of a dormant gastric cancer.

CONCLUSION 
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When administering G-CSF to cancer survivors, recurrence of a preceding cancer should be 
monitored even after curative treatment.

Key Words: Disseminated bone marrow carcinomatosis; Gastric cancer; Granulocyte colony-stimulating 
factor; Cancer survivor; Immunostaining; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Disseminated carcinomatosis of the bone marrow (DCBM) is a rare manifestation of recurrence 
of a treated cancer, mainly gastric cancer. We reported a case of DCBM 8 years after curative surgery for 
T1 gastric cancer. Immunostaining for granulocyte colony-stimulating factor (G-CSF) receptor was 
diffusely positive in the relapsed lesions, but it was negative in the primary lesion. The administration of 
G-CSF during treatment for Ewing sarcoma within 2 years before the relapse could have been the trigger 
for the gastric cancer recurrence. G-CSF administration in patients with history of cancer could be a risk 
factor for recurrence.

Citation: Fujita K, Okubo A, Nakamura T, Takeuchi N. Disseminated carcinomatosis of the bone marrow caused 
by granulocyte colony-stimulating factor: A case report and review of literature. World J Gastrointest Oncol 2022; 
14(10): 2077-2084
URL: https://www.wjgnet.com/1948-5204/full/v14/i10/2077.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i10.2077

INTRODUCTION
Disseminated carcinomatosis of the bone marrow (DCBM) is a rare metastatic disorder that originates 
from gastric cancer in about 90% of cases[1-4]. Although the reported incidence of bone recurrence from 
curatively resected gastric cancer was 0.7%-2.1%, 13.4%-17.6% of autopsied gastric cancer cases had 
bone metastasis[5-9]. The duration between primary surgery and DCBM diagnosis was reportedly 
longer than 5 years in 66.7% of cases[10]. Therefore, disseminated tumor cells (DTCs) could stay in a 
prolonged subclinically dormant status. However, the precise mechanisms of this metachronous relapse 
are not well-known[11].

We reported a case of DCBM 8 years after curative surgery of T1 gastric cancer. Within 2 years prior 
to the relapse, definitive treatment with multiple granulocyte colony-stimulating factor (G-CSF) 
infusions for Ewing sarcoma was administered. We focused on the relationships between G-CSF 
administration and gastric cancer relapse.

CASE PRESENTATION
Chief complaints
A 55-year-old woman followed up for cured Ewing sarcoma at the outpatient oncology department of 
our hospital complained of pain all over the body, especially in the lumbar area.

History of present illness
The patient’s pain started 8 mo after completing chemotherapy for Ewing sarcoma. The lumbar pain 
extended to the upper back and right shoulder for several weeks.

History of past illness
The patient had undergone curative distal gastrectomy with lymphadenectomy for early gastric cancer 
(T1aN1M0)[12], and completed a 5-year postoperative follow-up without any signs of recurrence based 
on tumor markers, gastroduodenoscopy, and computed tomography (CT) scans. Seven years after the 
gastrectomy, she had persistent pain on the right hip joint and right lumbar area, which was attributed 
to a soft tissue tumor on the right fifth lumbar vertebra seen on CT and magnetic resonance imaging 
(MRI). The pathologic diagnosis of the palliatively resected tumor was Ewing sarcoma, which was 
confirmed by chromosomal analysis of ESWR1 break apart. After induction radiotherapy (50.4 Gy/28 
Fr), she received adjuvant chemotherapy with 8 courses of vincristine (16 mg in total), 4 courses of 
doxorubicin (344 mg in total), 8 courses of cyclophosphamide (13840 mg in total), 33 courses of 
ifosfamide (81.2 mg in total), and 32 courses of etoposide (2240 mg in total). Six times of red blood cell 
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(RBC) transfusion were required for grade 4 anemia. Grade 4 neutropenia was treated with antibiotics 
and 18 doses of 2700 μg of filgrastim (filgrastimBS®, Nippon Kayaku, Tokyo, Japan). For severe 
neutropenia prophylaxis, 14 doses of 50.4 mg of pegfilgrastim (G-Lasta®, Kyowa Kirin, Tokyo, Japan) 
were given (Figure 1). After completion of chemotherapy, CT and MRI revealed no residual tumor.

Personal and family history
The patient had no prior history of smoking or alcohol consumption. There was no relevant family 
history in relation to this case report.

Physical examination
On admission, the patient’s temperature was 36.3 °C, heart rate was 82 beats per minute, respiratory 
rate was 19 breaths per minute, blood pressure was 122/86 mmHg, and oxygen saturation at room air 
was 95%. Our primary clinical consideration was bone metastasis from recurrent Ewing sarcoma or 
gastric cancer.

Laboratory examinations
Laboratory examinations showed evident increases in serum alkaline phosphatase (ALP) at 8081 IU/L 
(normal, 106-322 IU/L) and pancytopenia (RBC 2.23 × 1012/μL, hemoglobin 7.2 g/dL, white blood cell 
8500/μL with 69% neutrophils, and platelet 2.9 × 104). The following tumor markers were elevated: 
Carcinoembryonic antigen (CEA) at 120.3 ng/mL (normal, < 5 ng/mL) and carbohydrate antigen 125 
(CA125) at 45.5 U/mL (normal, < 35 U/mL). Notably, the ALP range was 1000-1500 IU/L during 
chemotherapy for Ewing sarcoma and remarkably increased when the patient complained of pain 
(Figure 1). Additionally, the CEA and CA125 were normal throughout the five-year follow-up of the 
resected gastric cancer but were not available during the treatment for Ewing sarcoma.

Imaging examinations
Bone scintigraphy, using technetium-99m hydroxymethylene diphosphonate, revealed an increased 
uptake in the spine, limbs, pelvis, and skull and decreased radioactivity in the kidneys (Figure 2). These 
characteristic image findings are called superscans (also termed super bone scans and super scan 
patterns) and can indicate bone marrow involvement[13,14].

MULTIDISCIPLINARY EXPERT CONSULTATION
Bone marrow biopsy from the iliac crest revealed adenocarcinoma, which seemed to be a recurrence 
from gastric cancer. The immunohistochemical findings of the adenocarcinoma cells were as follows: 
CK7(+), CK20(+), MUC2(-), MUC5AC(+), MUC6(focal+), CDX2(−), and CA19-9(−). The results were 
identical to those of the primary lesion of the resected stomach 8 years prior, except for CDX2, which 
was focally positive in the primary lesion.

Postmortem autopsy revealed the following metastatic lesions from gastric cancer: (1) Bilateral 
bronchopulmonary lymph nodes; (2) Scattered minute tumor emboli in the lungs; and (3) Diffuse bone 
marrow infiltration in the vertebrae (cervical, thoracic, and lumbar), ribs, and iliac bone. There were no 
recurrences of gastric cancer in the peritoneal cavity and stomach and of Ewing sarcoma all over the 
body. The histological and immunohistochemical findings of the autopsied bone marrow were identical 
to those of the bone marrow biopsy. To further investigate the mechanism of relapse, additional 
immunostainings on the primary and relapsed bone marrow lesions were done using anti-G-CSF 
antibody (clone 5.24, 1:600, Sigma-Aldrich, St. Louis, Missouri, United States) and anti-G-CSF receptor 
(G-CSFR) antibody (1:300, Bioss antibodies, Woburn, Massachusetts, United States). Immunostaining for 
G-CSF was negative in both lesions. In contrast, G-CSFR was diffusely positive in the cytoplasm of the 
cancer cells in the relapsed lesions but was negative in the primary lesion (Figure 3).

FINAL DIAGNOSIS
The final diagnosis was DCBM from gastric cancer that was curatively resected 8 years prior.

TREATMENT
Weekly intravenous chemotherapy that comprised methotrexate 140 mg, fluorouracil 840 mg, and 
calcium folinate 12 mg per course was started but needed to be stopped on day 7 because of deteri-
orating general condition of the patient[15-18].
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Figure 1 Clinical course after gastrectomy. During the five-year follow-up of resected gastric cancer, there are no signs of recurrence based on tumor 
markers, computed tomography, and gastroduodenoscopy. Eight months after completing chemotherapy with granulocyte colony-stimulating factor administration for 
Ewing sarcoma, disseminated carcinomatosis of the bone marrow (DCBM) from gastric cancer is diagnosed. Alkaline phosphatase is moderately elevated during the 
treatment of Ewing sarcoma and remarkably increased when the patient complained of lumbar pain, which led to the diagnosis of DCBM.*1: Complaint of pain; *2: 
Bone marrow biopsy; *3: Died of DCBM. G-CSF: Granulocyte colony-stimulating factor; DCBM: Disseminated carcinomatosis of the bone marrow; ALP: Alkaline 
phosphatase; VDC/IE: Vincristine, doxorubicin, cyclophosphamide/ifosfamide, etoposide; GC: Gastric cancer.

OUTCOME AND FOLLOW-UP
Despite chemotherapy, disseminated intravascular coagulation progressed, and the patient died 13 d 
after the diagnosis of DCBM.

DISCUSSION
This case suggested the potential of G-CSF administration to cause recurrence presenting as DCBM 
from a curatively resected gastric cancer 8 years prior. Although the precise mechanism of DCBM as a 
manifestation of a metachronous recurrence of cured cancer is unclear, recent studies have indicated the 
reactivation of dormant DTCs by various factors, which are mainly related with angiogenesis and the 
immunologic antitumor surveillance system[19-23]. The administration of G-CSF has been reported to 
be one of the factors that can promote cancer progression and invasion in various cancers[24], and this 
interaction was confirmed in vivo using gastric cancer cells expressing G-CSFR[25]. However, previous 
clinical documentations have seldom documented that G-CSF could trigger recurrence of cured 
malignancies. In this report, we focus on the direct and indirect effects of G-CSF on the metachronous 
relapse of cured malignancies.

G-CSF can directly promote the proliferation and spread of gastric cancer cells, especially those with 
stem-like properties, such as CD44 and aldehyde dehydrogenase expression, by activating G-CSFR and 
the RERK1/2 and RSK1 phosphorylation pathways[26,27]. In the present case, G-CSFR staining was 
negative in the primary lesion but was diffusely positive in the relapsed lesion. This observation 
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Figure 2 Bone scintigraphy using 99 m technetium-hydroxymethylene diphosphonate. There is increased uptake in the spine, limbs, pelvis, and 
skull and decreased uptake in the kidneys.

provided two possible explanations. First, a small amount of slow growing G-CSFR-positive gastric 
cancer cells could survive in a dormant state for a long period. Second, residual DTCs may develop and 
express G-CSFR throughout years of dormant state. G-CSF can promote the growth of solid tumors not 
only through G-CSFR on tumor cells but also by modulating immune cell activities or bone remodeling. 
G-CSF can activate myeloid derived suppressor cells and regulate T cells and macrophages, both of 
which can lead to the progression of solid tumors by suppressing CD8-positive T cells[28-31]. In 
addition, G-CSF can accelerate bone infiltration of tumor cells by activating osteoclasts and inhibiting 
osteoblasts[32,33]. These direct and indirect effects of G-CSF could be a positive trigger for the 
reactivation of dormant cancer cells.

About 90% of gastric cancer cases have positive G-CSFR staining, and some cancers have been 
reported to express G-CSFR[27,34]. G-CSF administration for the second primary cancers could be a risk 
factor for recurrence of a preceding G-CSFR-expressing primary cancer that was assumed to be cured 
for a long time. Therefore, G-CSF administration should be performed carefully in patients who have a 
preceding cancer. Considering the high incidence of G-CSFR-expressing gastric cancer, no other similar 
cases of gastric cancer recurrence caused by G-CSF have been reported. The possibility of G-CSF causing 
recurrence of a preceding cancer might have been overlooked. Because this one case is not enough to 
accurately evaluate the risk of G-CSF to cause recurrence, further research on the interaction between G-
CSF and tumor proliferation and relapse are needed.

CONCLUSION
G-CSF administration in cancer survivors could be a risk factor for recurrence of a preceding cancer, 
even after curative treatment.



Fujita K et al. DCBM caused by G-CSF

WJGO https://www.wjgnet.com 2082 October 15, 2022 Volume 14 Issue 10

Figure 3 Histologic and immunohistochemical images of the primary and relapsed lesions. A: Histology of the primary gastric specimen shows 
moderately to poorly differentiated adenocarcinoma and, partially, signet cell carcinoma (hematoxylin and eosin); B: On autopsy, the metastatic bone marrow lesion 
shows corresponding adenocarcinoma (hematoxylin and eosin); C: Immunohistochemical staining for granulocyte colony-stimulating factor receptor (G-CSFR) is 
negative in the primary lesion; D: Immunohistochemical staining for G-CSFR is diffusely positive in the bone marrow metastatic lesion.
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Abstract
Correction to “Genome-wide CRISPR-Cas9 screening identifies that hypoxia-
inducible factor-1a-induced CBX8 transcription promotes pancreatic cancer 
progression via IRS1/AKT axis” (PMID: 34853645 PMCID: PMC8603463 DOI: 
10.4251/wjgo.v13.i11.1709). In this article, the picture of Figure 6C was misused 
due to our carelessness while typesetting. We corrected this mistake, and replaced 
the incorrect image with the correct one.
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TO THE EDITOR
After confirming the figures in our manuscript, we were surprised to find a mistake in Figure 6C[1]. It 
was an unintentional error that occurred when we typeset the images. We have replaced the incorrect 
images with the correct Figure 6C (Figure 1). Figure 6D-E was based on the correct image and does not 
need to be changed. We assure you that this mistake does not change the meaning of the picture or the 
conclusion of the manuscript. We apologize for our careless mistake, which has caused great 
inconvenience.

Figure 1 We replaced the incorrect images with the correct Figure 6C in “Genome-wide CRISPR-Cas9 screening identifies that hypoxia-
inducible factor-1a-induced CBX8 transcription promotes pancreatic cancer progression via IRS1/AKT axis.”
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