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A B S T R A C T   

Oesophageal carcinoma ranks the sixth leading cause of cancer death and affected 544,000 - 604,000 people in 
2020. Patients often presented with a poor cancer prognosis with a low survival rate of 15–25%. Depending upon 
the cell type, oesophageal carcinoma is categorised into oesophageal squamous cell carcinoma (ESCC) and 
oesophageal adenocarcinoma (EAC). ESCC is predominantly reported in developing countries, while EAC is more 
common in developed countries. Aside from the presence of exogenous co-factors, such as cigarette smoking, 
alcohol consumption, obesity, gastroesophageal reflux disease (GERD); infection with oncogenic viruses is sus-
pected to be one of the major factors contributing to EC development. Oncogenic viruses, including human 
papillomavirus (HPV), Epstein Barr virus (EBV), Cytomegalovirus (CMV) and Herpes Simplex Virus (HSV) have 
been detected in various proportions of EC samples. Nonetheless, their aetiological roles in EC remain debatable. 
In this review, we garnered previous studies that focus on the association between oncogenic viruses and EC. 
Among these oncogenic viruses, HPV appears to have a stronger association with EC than the others. In addition, 
we also discuss the pros and cons of the treatment regimens to treat EC patients, including immunotherapy, 
chemo- and chemoradiotherapy, and their efficacy.   

1. Introduction 

Oesophageal cancer (EC) ranks the sixth leading cause of cancer 
death and seventh in incidence worldwide, with an estimation of 
544,000 and 604,000 new cases in 2020 [1]. The incidence of EC varied 
geographically, with more cases reported in developing than developed 
countries. Countries that fall into the “Asian Oesophageal Cancer Belt”, 
including Northern Iran and East Turkey to East Asia (North and Central 
China) [2,3] exhibit the highest incidence of EC in both women and 
men, followed by South Africa, East Africa and Central Asia [1]. While 
the incidence of EC is relatively low in North America and Europe. 

EC is classified into 2 common histological subtypes, namely oeso-
phageal squamous cell carcinoma (ESCC) and oesophageal adenocarci-
noma (EAC). Intriguingly, the prevalence of these 2 types of EC differ 
geographically, with EAC appearing to be the predominant type re-
ported in developed countries, whilst ESCC is in developing countries 
[4]. The major risk factors that contribute to the development of EC in 
developed countries include cigarette smoking, alcohol consumption, 
obesity and Barrett’s esophagus caused by chronic gastroesophageal 
reflux disease (GERD) [5]. Chemical composition in tobacco and 

metabolite of alcohol can be carcinogenic and may regulate expression 
of human genes, including oncogenes [6,7]. On the other hand, other 
physiological conditions, including GERD and body mass index (BMI), 
also contribute to the likelihood of EC development. GERD is a chronic 
disorder in which gastric content flows back into the oesophagus, 
leading to symptoms like heartburn, taste of acid in the mouth and 
halitosis. Individuals affected by GERD have a higher risk to develop EC 
(odds ratio = 7.7, 95% CI 5.3–11.4) compared with those who do not 
suffer from such condition [8]. Similarly, high BMI (>30) has a higher 
chance of getting EAC (odds ratio = 3.17, 95% CI 1.43–7.04) than those 
of lower BMI [9]. Furthermore, infection by oncogenic viruses appears 
to be one of the important factors contributing to EC development [10]. 
The risk factors contributing to EC are summarized in Table 1. 

2. Association between oncoviruses and oesophageal cancer 

Even though there are ample studies underlined microbial infection 
as one of the contributing elements to EC, this remains controversial. 
Some epidemiological findings revealed the involvement of oncogenic 
viruses, including Human Papillomavirus (HPV), Epstein Barr virus 
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(EBV),Cytomegalovirus (CMV) and Herpes Simplex Virus (HSV) as po-
tential contributors to EC development. Among these viruses, the ma-
jority of studies focused on the association between HPV infection and 
EC, whilst the association of EC with other DNA tumour viruses was 
relatively less studied. In the section below, we unveiled the positive 
association of these DNA viruses with EC and the contradicting findings. 
The prevalence of oncogenic viruses in EC was summarised in Table 2. 

2.1. Human Papillomavirus (HPV) in EC 

HPV is a small double-stranded circular DNA virus that belongs to 
the Papillomaviridae family. HPV infection is the most common viral 
sexually transmitted disease, and it was estimated that approximately 
50% of both men and women have been exposed to HPV at least once in 
their lifetime [11]. To date, more than 200 HPV genotypes have been 
identified. Among them, 13 types are classified as the high-risk HPVs 
(hrHPVs) due to their high carcinogenic properties [12]. Most in-
dividuals with HPV infection presented with no symptom. However, 
persistent infection with hrHPVs may lead to anogenital warts, cervical 
cancers, head and neck cancer (HNC), EC, and other anogenital cancers 
[13]. 

2.1.1. HPV in ESCC 
In 1982, HPV was first suggested as an aetiologic agent contributing 

to the development of ESCC [14]. Since then, more studies focused on 
the association of HPV and ESCC had been conducted. A meta-analysis 
revealed the overall prevalence of HPV infection in ESCC and EAC 
was 22.2% (95% CI, 18.3–26.7%) and 35.0% (95% CI, 13.2–65.7%), 
respectively. The most common HPV genotypes detected in ESCC were 
HPV16 (11.4%), HPV18 (2.9%), HPV6 (2.1%), HPV11 (2.0%), HPV52 
(1.1%), HPV33 (0.8%) and HPV31 (0.6%) [15]. The prevalence of HPV 
genotypes in EC (ESCC and EAC) was summarised in Fig. 1a and b. 
Demographically, 20% of men and 18.4% of women were positive for 
HPV in ESCC. In terms of geography, HPV positive rate in ESCC in Asia 
(26.3%) is almost double that of in America and Europe (14.0%) [15]. 

We found that in ESCC, HPV18 oncoproteins do not exploit the same 
mechanism to promote cancer progression as known for cervical cancer. 

Instead of targeting pRB, E7 preferentially abrogates p130 in EC109 and 
EC9706, which are the HPV18 containing ESCC cell lines of Asian origin 
[16]. In addition to p53 and its downstream transcription transactivator 
[16], HPVE6 deregulates miR-125b, a microRNA that acts as a tumour 
suppressor [17]. The downregulation of miR-125b may subsequently 
lead to activation of the Wnt/β-catenin signaling pathway, which is a 
critical pathway involved in cell differentiation, migration, prolifera-
tion, and cell death. Dysregulation of this pathway has been implicated 
in human cancers, including cervical and HNC [18,19]. Although 
miR-125b is not a biomarker or therapeutic target, this finding sug-
gested a possible mechanism on how HPV promotes ESCC development 
[20]. 

2.1.2. HPV and EAC 
A strong association between hrHPV and EAC was first documented 

by Rajendra et al., in which HPV DNA was detected in 81 out of 261 
oesophageal biopsies. Compare with controls (18%), HPV positivity was 
significantly more common in EAC (66.7%, IRR 2.87, 95% CI 1.69–4.86, 
p<0.001), with 93% were infected with hrHPV genotypes [21]. HPV 
infection can be a “hit-and-run” incident. The detection of HPV DNA 
may not accurately inform an active HPV infection. Hence, Rajendra and 
co-workers detected the HPV DNA and E6/E7 mRNA (HPV 
DNA+/RNA+) in formalin-fixed paraffin-embedded (FFPE) samples. 
They detected transcriptionally active HPV in 25.7% of EAC samples, 
and only 9.6% in dysplastic and adenocarcinoma samples [22]. Besides 
detecting HPV nucleic acids in tissue specimens, HPV cell-free circu-
lating DNA (ctDNA) in plasma can be detected using an ultrasensitive 
droplet-digital polymerase chain reaction (ddPCR) [23]. 

However, the aetiological role of HPV in EAC can be inconclusive. 
For instance, in Australia, a study reported the detection of HPV16 and 
18 E7 genes in 15% of EAC patients [24], while the other study did not 
find HPV DNA in their samples collected [25]. In another systematic 
review which gathered 19 studies, a pooled HPV prevalence of 12.5% 
(Cl:1.5–28.8%) was found in EAC samples. Meanwhile, a study con-
ducted by The Cancer Genome Atlas (TCGA) Research Network found no 
aetiological role of HPV in EC [26]. 

The high degree of heterogeneity (I2:92.6%) is likely due to the va-
riety of HPV detection methods used. The specificity of PCR primer 
pairs, the sensitivity of the tests, sample storing duration and condition 
may affect the sample integrity. In particular, archived samples 
collected for more than 10 years may contain DNA of poor quality as a 
portion of the DNA may have been degraded [27,28]. In order to provide 
a conclusive role of HPV in EAC, more studies are required. Ideally, the 
biopsy collection and processing method should follow the standard 
protocol outlined in the Human papillomavirus Laboratory Manual by 
the World Health Organisation (WHO) [29]. In addition, HPV DNA 
should also be tested using validated HPV DNA detection platforms 
rather than those yet-to-be validated assays [30]. 

2.2. Epstein Barr virus (EBV) in EC 

EBV, or the human herpesvirus 4, is a double-stranded DNA virus 
that belongs to the Herpesviridae family [31]. EBV infects approximately 
90% of the people in the world [32]. Indeed, EBV is associated with 1% 
of cancer globally, mainly associated to Burkitt’s lymphoma, Hodgkin’s 
disease, nasopharyngeal carcinoma, gastric carcinoma and leiomyo-
sarcoma [33]. Most acute EBV infections are asymptomatic. During the 
latency phase, EBV expresses Epstein-Barr nuclear 1 (EBNA1) which 
facilitates the viral replication and mitotic segregation of EBV episomes 
that persists for life [34,35]. 

To detect EBV in clinical samples, DNA extract or tissue sections were 
subjected to PCR, immunohistochemistry and in situ hybridization. 
Similar to HPV, the detection rate of EBV in EC varied greatly, ranging 
from 1.8 to 35.5% in different studies [36–39]. The first EBV positive 
ESCC case was documented by Jenkins and colleagues in 1996, in which 
8.33% ESCC tumour and 6.25% cell lines contained BamH1W fragment, 

Table 1 
The risk factors contributing to the development of oesophageal Cancer.  

The major risk factors  

• Cigarette smoking  
• Over-consumption of alcoholic beverages  
• Barrett’s esophagus/Gastroesophageal reflux disease (GERD)  
• HPV infection (HPV16 and 18) 
Other risk factors  
• Diet/nutrition  
• Poor hygiene  
• Betel nut chewing  
• Obesity (BMI >30)  
• Exposure to carcinogens (e.g. polycyclic aromatic hydrocarbons or PAHs), N-nitroso 

compounds)  
• Genetic predisposition  

Table 2 
The summary of prevalence of oncoviruses in oesophageal carcinoma.  

Oncogenic virus Prevalence in EC 

ESCC EAC 

HPV 22.2% [15] a 35.0–66.7% [15,20] a 

EBV 8.3–36% [50,51] 36% [50] 
HSV 31.7% [48] – 

EC = Oesophageal carcinoma; ESCC = Oesophageal squamous carcinoma cell; 
EAC = Oesophageal adenocarcinoma; HPV = Human Papillomavirus; HSV =
Herpes simplex virus; EBV = Epstein Barr virus. 

a Total prevalence of HPV in ESCC is summarized and referenced from sys-
tematic review [15]. 
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a highly conserved EBV genome [40]. While EBV DNA was detected in 
35–36% of samples in Taiwan [39] and Germany [41]. 

On the contrary, another study found no persistence of EBV in ESCC 
and EAC patients samples in Germany and Russia [42]. Similarly, studies 
from other regions, including Malaysia [38], China [43,44], Iran [45], 
Greek [46], Japan [47,48] also indicated no correlation between EBV 
and EC. Therefore, whether EBV is related to EC remains unclear. Even 
within the same country, controversial observations have been reported. 
A larger cohort study from different regions is required to straighten the 
controversial findings and unveil the correlation between EBV and EC. 

3. Cytomegalovirus (CMV) and herpes simplex virus (HSV) in EC 

CMV and Herpes Simplex Virus (HSV) belong to the Herpesviridae 
family. CMV has the largest genome among herpes viruses. CMV in-
fections are acquired from perinatal periods or sexual contact during 
adulthood [49]. This virus can infect many organs including the eyes, 
gastrointestinal tract, colitis and oesophagus. CMV-associated oeso-
phagitis was reported in EC patients [50]. However, the association 
between CMV-associated EC has not been delineated. Even in Shantou, a 
region in China with the highest incidence of EC, reported no CMV 
infection in EC patients [51]. 

HSV is divided into HSV-1 and HSV-2. Of these, HSV-1 infection 
usually causes herpes lesions in the head and neck region, especially in 
the oral cavity. Meanwhile, HSV-2 infection is frequently associated 
with genital lesions, and it can act as one of the co-factors for cervical 
cancer [52,53]. In Shantou, studies revealed the prevalence of 
HSV-associated EC stands at approximately 30%. Wu and colleagues 
investigated the prevalence of HSV and its aetiological roles in EC pa-
tients. They detected both DNA and protein of HSV-1 and -2 in 31.7% of 
the well-differentiated ESCC samples, suggesting a potential aetiological 
role of HSV in ESCC [52]. Moreover, mixed herpes viruses and human 
papillomavirus infection (HSV-1, HPV-16 and EBV) appear to be highly 
associated (71.4%) with the high grade of EC [51]. However, the 
mechanism of how these viruses perturb host cellular events during EC 
development remains to be further elucidated. Thus, it is crucial to 
detect the presence of various viruses during EC development and un-
derstand the virus-host cellular interaction that drives carcinogenesis. 

4. The prognostic role of oncoviruses in oesophageal carcinoma 

Albeit the controversial observations concerning the attribution of 
oncoviruses in EC, several studies were conducted to evaluate the 
prognostic significance of oncoviruses. The prognostic role of oncovi-
ruses in EC remains inconclusive. Furihata et al. reported that HPV 
positivity and overexpression of p53 tumour suppressor contributed to a 
poorer survival rate than ESCC patients without HPV detected, nor p53 
overexpression [54]. Whilst in EAC patients, finding from Rajendra et al. 
showed a favourable overall disease-free survival for patients with HPV 

and low level of retinoblastoma tumour suppressor expression [55]. 
These findings imply that HPV positivity and expression status of 
tumour suppressors possess important prognostic value. Nonetheless, 
another study may not agree to this notion. Dreilich and colleagues 
showed HPV status did not reflect the survival rate of EC patients, and 
does not affect the survival of patients who received chemotherapy or 
radiation therapy (P > 0.05) [56]. Asides of HPV, data on prognostic 
value of other oncoviruses in EC is lacking, perhaps due to the weak 
association of other oncoviruses with EC. 

5. Therapeutics for oesophageal carcinoma 

Currently, the treatment methods available for EC disregard whether 
the cancer is virally driven or not. Additionally, a specific antiviral agent 
for oncovirus-associated EC is lacking. Treatment options available for 
EC patients include surgery alone, immunotherapy, chemotherapy, and 
radiotherapy. Among these, surgical resection is the prime choice of 
treatment for locoregional EC [57]. Nonetheless, chemotherapy, radio-
therapy and combined treatment modality have been shown to increase 
patient survival rate significantly as compared with surgical resection 
alone. The overall 5-year survival rate of EC patients ranged from 15% to 
25% [58]. Similarly, immunotherapy can improve the survival of EC 
patients, with a one-year survival rate ranging from 23.4% [59] to 47% 
[60]. The 5-years survival rate for patients receiving chemotherapy 
followed by surgery increased by 10% to 20% [61,62], while neo-
adjuvant chemoradiotherapy increased to 39% [63]. 

6. Immunotherapy 

Among the immunotherapeutics, immune checkpoint inhibitors 
(ICIs) are drugs that block the immune checkpoint proteins to allow the 
elimination of cancer cells more effectively. There are two immune 
checkpoint inhibitory receptors that have been investigated, namely 
programmed cell death protein 1 (PD1) and cytotoxic T-lymphocyte- 
associated antigen 4 (CTLA4). Under normal conditions, PD1 expresses 
on activated T-cells binds to its ligand, programmed death-ligand 1 (PD- 
L1) which expresses on macrophages, B- and T-cells, allowing T-cells to 
exert its cytotoxic and anti-tumour response [64]. PD-L1 is overex-
pressed on cancer cells, including oesophageal cancer. The binding of 
PD-1 to PD-L1 on cancer cells allows cancer cells to be recognized as 
“self”, hence, evade elimination. To counter this, PD-1 monoclonal 
antibody (mAB) that acts in stimulating the proliferation of tumour 
antigen-specific T-cells was developed and deemed effective in reducing 
tumour burden. Currently, the Food and Drug Administration (FDA) 
approves the use of nivolumab, an anti-PD-1 monoclonal antibody 
(mAb), which serves as a second-line treatment for advanced ESCC. 
Approximately 44% of ESCC expressed PD-L1, and its expression level is 
correlated negatively with the overall patients survival [65,66]. In a 
Phase II clinical trial, 42% of ESCC patients responded to the treatment 

Fig. 1. The prevalence of HPV genotypes in two types of oesophageal Cancer: (a) Oesophageal squamous cell carcinoma (ESCC); and (b) Oesophageal adenocar-
cinoma (EAC). 

S. Li et al.                                                                                                                                                                                                                                        



Tumour Virus Research 13 (2022) 200231

4

with reduced tumour burden [67]. The mono-immunotherapy extends 
the overall survival from 8.4 months to 10.9 months in 419 advanced EC 
patients. The one-year survival rate was 47% (95% CI; 40-54) in the 
immunotherapy group as compared with 37% in the chemotherapy 
group [60]. As PD-L1 is suggested as one of the prognostic markers for 
human cancers [66], it is worthwhile to evaluate this in EC, with more 
samples included in the studies. This is important to clearly inform 
whether or not anti-PD1 antibodies can be included as a safe, effective 
and non-invasive treatment modality for PD-L1-expressing ESCC 
patients. 

CTLA4 is expressed on regulatory T-cells (Tregs). It regulates the 
degree of T-cell activation at an early stage by inhibiting the activity of 
the T-cell co-stimulatory receptor, CD28. As CD28 can enhance the 
activation of the T-cell via TCR signalling, CTLA4 plays a crucial role in 
preventing T-cell hyperactivation [68]. Currently, the safety and effi-
cacy of CTLA4 mAbs, including ipilimumab [69] and tremelimumab 
[70], were explored in clinical trials. Ipilimumab improved the median 
overall survival from 12.1 months (95% CI 9.3-not estimable) to 12.7 
months (95% CI, 10.5–18.9) in a Phase II clinical trial [71]. The com-
bined treatment with ipilimumab and nivolumab is also effective for 
elderly patients with ESCC [69]. For EAC patients treated with trem-
elimumab, their one-year survival rate was 33% (95% CI, 14-54%) [70]. 
Despite the high efficacy, side effects of these treatments are inevitable. 
Low-grade toxicities were reported for patients treated with nivolumab 
(5%) [72] and tremelimumab (33–50%) [70], while EC patients treated 
with ipilimumab (23%) presented in clinics with high-grade toxicities 
(grade 3 and 4) [71]. 

7. Chemotherapy and chemoradiotherapy 

When a tumour has metastasised distantly and is irresectable, 
chemotherapy is a standard treatment method for EC patients. Chemo-
therapeutics commonly used to treat cancers, inclusive of EC, are 5-fluo-
rouracil (5-FU), platinum agents (e.g. cisplatin) and taxanes (e.g. 
paclitaxel and docetaxel) [73–75]. In general, these drugs act directly or 
indirectly to induce DNA damage. For instance, 5-FU inhibits thymidy-
late synthetase and catalyses the rate-limiting step in DNA synthesis. 
Therefore, this anti-cancer agent works by restricting DNA biosynthesis 
in tumours cells [76]. 

Currently, the efficacy of combined chemotherapy and chemo-
radiotherapy followed by surgery has been studied extensively in clin-
ical trials. Both of these approaches deem more effective in treating EC 
patients than surgery alone or mono-immunotherapy. When compared 
with patients who receive surgery only, the patients who received pre- 
operative cisplatin and 5-FU treatment had a higher survival rate. The 
2-years survival rates of 5-FU/cisplatin and surgery alone in EC patients 
were 43% and 34%, respectively [61]. Similarly, the FLOT protocol 
(5-FU, leucovorin, oxaliplatin, docetaxel) and FOLFOX (5-FU, leuco-
vorin and oxaliplatin) were also more effective than the standard 
mono-treatment [77], particularly in patients with locally advanced 
resectable EC [78] and irresectable advanced EC [79]. Furthermore, the 
combination of the neoadjuvant chemoradiotherapy (cisplatin, cisplatin 
combined with 5-FU, vinblastine, or bleomycin) with surgical resection 
also improved the patient’s survival significantly than definite chemo-
radiotherapy [80]. 

However, haematologic and non-haematologic toxicities were re-
ported in the patients treated with chemotherapy and chemo-
radiotherapy. Despite the combined treatment with docetaxel and 5-FU/ 
cisplatin appearing to be a good option for young EC patients, this Phase 
II clinical trial was terminated due to high toxicity. Grade 3 and 4 tox-
icities were exhibited in EC patients (71%) within the first 3 months of 
treatment, and 90% over the whole treatment course [81]. 

8. Anti-viral drugs and gene therapy 

As mentioned, the availability of a specific antiviral agent to treat 

oncoviruses-associated EC patients is limited. Antivirals used to treat 
CMV-associated oesophagitis and carcinoma are ganciclovir (GCV) and 
its prodrug, valganciclovir (VGCV) [82]. A report suggested that GCV 
and VGCV can reduce the prolonged fever in CMV infected EC patients 
[83]. However, the application of these drugs has been limited due to its 
in vivo toxicity. To date, HSV-thymidine kinase (HSV-TK)/GCV-me-
diated gene therapy has been implemented as a treatment option for the 
EC patients [84]. The HSV-TK-mediated therapy, followed by the 
intravenous administration of GCV, displayed an enhanced efficacy in 
treating EC mouse model under radiofrequency hyperthermia [84]. 
However, the efficacy of this treatment modality has only been tested 
using murine preclinical model, its efficacy should be recapitulated 
using non-murine models prior to marching to clinical trial. 

9. Conclusion 

The aetiological role of oncogenic viruses in oesophageal carcinoma 
(EC) has been debatable for years. Studies from some regions reported 
no significant association, while some regions showed a high prevalence 
of oncogenic viruses in EC patients. This may depend upon the region 
where studies were conducted. For instance, in countries that fall into 
the “Asian Oesophageal Cancer Belt” where the incidence of EC is 
exceptionally higher than in other parts of the world, hence the higher 
prevalence of oncogenic viruses in EC was reported in these countries. 
Among the oncogenic viruses reported, the association of human 
papillomavirus (HPV) with EC appears to be stronger than herpesviruses 
(EBV, CMV, HSV-1 and -2). However, research teams across the globe 
may not come to a consensus that HPV is a promising aetiological factor 
of EC. Similarly, the prognostic value of oncoviruses in EC remains a 
debatable arena. Studies focusing on the mechanistic roles of oncovi-
ruses in driving EC development and progression should be warranted 
and expanded to further elucidate their association with EC. While 
identifying the aetiology of EC is important, early detection and treat-
ment are undoubtedly crucial to improve the survival rate of EC pa-
tients. Despite the efficacy of combinatorial therapies deem promising, 
the compromising element to deal with is the high toxicity. Certainly, a 
tailored antiviral agent for EC driven by oncoviruses remains to be a 
field that deserves more progressive studies. Ideally, these tailored 
therapeutics should target oncogenic virus-containing cancer cells, 
hence, reducing destruction to normal cells. 

10. Methodology 

Pubmed, MEDLINE (EBSCOhost), Scopus and Google Scholar were 
used as the search engine for research articles published in recent 10 
years (2011–2021). Keywords used to search for the relevant articles 
includes: “oesophageal/oesophageal carcinoma”, “oesophageal/oeso-
phageal cancer”, “ prevalence”, “epidemiology”, “ HPV”, “EBV”, “CMV”, 
“HSV”, “Human Papillomavirus”, “Epstein Barr virus”, “Cytomegalo-
virus”, “Herpes simplex virus”, “chemotherapy”, “immunotherapy”, 
“radiotherapy”, “ antiviral drug”. 

Articles that deem eligible and appropriate for inclusion in this re-
view include: (1) topics related to the prevalence of oesophageal carci-
noma, the etiological factors of oesophageal carcinoma, the association 
between the oncoviruses and oesophageal cancer, and the treatment for 
oesophageal cancer; (2) articles were written in English; (3) full text of 
the articles were accessible. From a total of 5642 related articles, 
duplicated and irrelevant articles were excluded, and the remaining 84 
articles were ultimately included in this review. 
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