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Abstract
Digestive tract cancer is one of the main diseases that endanger human health. At present, the early diagnosis of digestive tract tumors mainly depends on serology, imaging, endoscopy, and so on. Although tissue specimens are the gold standard for cancer diagnosis, with the rapid development of precision medicine in cancer, the demand for dynamic monitoring of tumor molecular characteristics has increased. Liquid biopsy involves the collection of body fluids via non-invasive approaches, and analyzes biological markers such as circulating tumor cells, circulating tumor DNA, circulating cell-free DNA, microRNAs, and exosomes. In recent years, liquid biopsy has become more and more important in the diagnosis and prognosis of cancer in clinical practice due to its convenience, non-invasiveness, high specificity and it overcomes temporal-spatial heterogeneity. Therefore, this review summarizes the current evidence on liquid biopsies in digestive tract cancers in relation to diagnosis and prognosis.

Key words: Digestive tract cancer; Liquid biopsy; Tumor circulome; Tumor progression; Diagnosis; Prognosis

Chen L, Chen Y, Feng YL, Zhu Y, Wang LQ, Hu S, Cheng P. Tumor circulome in the liquid biopsies for digestive tract cancer diagnosis and prognosis. World J Clin Cases 2020; 8(11): 2066-2080 URL: https://www.wjgnet.com/2307-8960/full/v8/i11/2066.htm DOI: https://dx.doi.org/10.12998/wjcc.v8.i11.2066
[bookmark: _GoBack]
Core tip: Digestive tract cancers can be divided into several types. In this article, we reviewed the relevant research on liquid biopsies used for the diagnosis and prognosis of each type of cancer.


INTRODUCTION
[bookmark: OLE_LINK1541][bookmark: OLE_LINK1542]Digestive tract cancers are those that occur in the esophagus, stomach, intestine, and liver. Approximatively 180000 new esophageal, gastric, and colorectal cancer (CRC) cases and 77000 deaths are predicted in the United States. At present[1], the early diagnosis of digestive tract tumors mainly depends on serology, imaging, endoscopy, etc. Endoscopy is the main diagnostic method. However, due to the medical staff operating technology and personal ability in recognizing different lesions, painful endoscopic examination, and low acceptance by patients, it is necessary to identify new tumor markers to improve the early diagnosis and prognosis of digestive tract tumors[2].
The occurrence of malignant tumors is mainly due to the regulation of cell proliferation and differentiation[3]. Tissue specimens are the gold standard for cancer diagnosis, as well as determining prognosis and monitoring treatment[4]. Tumor molecular expression profiles obtained from tissue samples can only provide a "snapshot" of tumor heterogeneity, and the sub-spectrum often changes as the disease progresses[5]. In the era of precise tumor treatment, limited tissue specimens do not reflect all tumor genome changes, and the opportunity for treatment may be missed. The "liquid biopsy" may make up for these shortcomings[6]. 
[bookmark: OLE_LINK1543][bookmark: OLE_LINK1544][bookmark: OLE_LINK1545][bookmark: OLE_LINK1554][bookmark: OLE_LINK1555][bookmark: OLE_LINK1658][bookmark: OLE_LINK1659][bookmark: OLE_LINK1546][bookmark: OLE_LINK1547][bookmark: OLE_LINK1558][bookmark: OLE_LINK1559][bookmark: OLE_LINK1550][bookmark: OLE_LINK1551][bookmark: OLE_LINK1568][bookmark: OLE_LINK1569][bookmark: OLE_LINK1552][bookmark: OLE_LINK1553][bookmark: OLE_LINK1570][bookmark: OLE_LINK1571]Liquid biopsy technology involves molecular in vitro diagnostics and is the representative diagnostic technology of precision medicine[7]. In recent years, the application of liquid biopsy technology in the early diagnosis, prognosis and management of tumors has increased[8]. In terms of tumor screening, traditional invasive screening methods have not met the necessary requirements[9]. Liquid biopsy is a non-invasive testing method and is used to detect tumors or metastatic foci (Figure 1). Liquid biopsy can be divided into blood-based biomarkers and other humoral biomarkers including circulating free DNA (cfDNA), circulating tumor DNA (ctDNA), circulating tumor cells (CTCs), microRNAs (miRNAs), and exosomes[10]. Other body fluid-derived substances can also be used as biomarkers in tests, such as urine, saliva, cerebrospinal fluid, pleural effusion, ascites, etc. Liquid biopsy technology has become a non-invasive, comprehensive, real-time, accurate and has other advantages in the field of tumor monitoring[9].

CIRCULATING FREE DNA
[bookmark: OLE_LINK1556][bookmark: OLE_LINK1557]In 1948, Mandel[11] first discovered circulating nucleic acids in the blood of healthy humans. In 1977, Leon determined that the average concentration of cfDNA in the plasma of healthy humans was 13 ± 3 g/L and the average concentration was 180 ± 38 g/L[12]. Although the data obtained by different research methods later differed, all data suggested that the cfDNA content in the blood of cancer patients was significantly higher than that of healthy people[13]. At present, the source and production mechanisms of cfDNA are still not clear. Apoptosis, cell necrosis and active secretion are the more popular hypotheses[14]. Suzuki et al[15] found that the length of cfDNA fragments in healthy human blood was mostly 180 bp, which is similar to the length of DNA fragments produced by apoptosis, and the length of cfDNA fragments produced by cell necrosis was greater than 10000 bp. It is speculated that the cfDNA in healthy human blood is mainly from apoptosis. Considering that the integrity of DNA fragments in the circulation of patients with malignant tumors is significantly higher than that in healthy people, some scholars have proposed that necrolysis of tumor cells is the main reason for the significant increase in cfDNA in cancer patients, but this still does not explain the decline in cfDNA levels after radiotherapy[16].

CIRCULATING TUMOR DNA
ctDNA is the tumor information code in the blood. Tumor cells in patients' lesions are continuously transferred, and undergo apoptosis and necrosis in the circulatory system[17]. It is released into the blood, and carries biological information such as tumor generation, development, metastasis, and recurrence, which is of great value in the diagnosis, treatment and prognosis evaluation of tumors[18].
[bookmark: OLE_LINK1548][bookmark: OLE_LINK1549]ctDNA is mainly released into the blood through a combination of three mechanisms: (1) apoptosis; (2) cell necrosis; and (3) exosomes secreted by tumor cells[19]. In healthy individuals, infiltrating phagocytic cells are responsible for removing apoptotic and necrotic cell debris, including cfDNA[20]. Compared to cfDNA, the content of ctDNA in the blood is quite low, accounting for only 1% or less than 1% of cfDNA, and the length of most ctDNA fragments ranges from 160 to 200 bp, which is shorter than cfDNA without mutations[13]. Some studies have found that ctDNA entering the blood circulation has a half-life of approximately 15 min to 2.5 h, compared with protein markers that may take several weeks[21]. This feature ensures that ctDNA can be used as a "real-time" tumor biomarker, which can accurately reflect tumor burden. 
[bookmark: OLE_LINK1664][bookmark: OLE_LINK1665][bookmark: OLE_LINK1562][bookmark: OLE_LINK1563][bookmark: OLE_LINK1560][bookmark: OLE_LINK1561][bookmark: OLE_LINK1564][bookmark: OLE_LINK1565][bookmark: OLE_LINK1566][bookmark: OLE_LINK1567]ctDNA detection is a hotspot in the field of liquid biopsy. The detection of ctDNA can not only reveal the comprehensive genetic information of tumors, but also more accurately reflect the heterogeneity of tumor tissues and the dynamic evolution ability of tumor genomes, which has extremely high scientific value and clinical application prospects[22]. However, the content of ctDNA in peripheral blood is very small, and the content and nucleic acid polymorphism in different patients are very different[21]. Therefore, the analysis and detection of ctDNA have great technical challenges. At present, commonly used ctDNA detection methods include those based on digital polymerase chain reaction (PCR) and next-generation sequencing (NGS)[23]. Digital PCR technology has high specificity and sensitivity, usually for known mutant ctDNA, and NGS technology can achieve high-throughput parallel deep sequencing of multiple gene nucleic acid fragments, which can simultaneously detect multiple genes, different forms and unknown mutations[24].

CIRCULATING TUMOR CELLS
The concept of CTCs was first introduced by the Australian scholar Ashworth[25] in 1969. It refers to tumor cells that enter the peripheral blood circulation from the primary tumor or metastasis of the solid tumor due to spontaneous or diagnostic procedures[26]. Most tumor cells that invade the circulatory system usually die within a short period of time, but a small number of tumor cells with high viability and high metastatic potential survive. They then aggregate with each other to form tiny tumor plugs and form microscopic tumors under certain conditions[27]. Therefore, the detection of CTCs in the peripheral blood circulation indicates that the tumor may have metastasized[28]. CTCs in the blood of patients include not only epithelial tumor cells but also tumor cells and tumor stem cells that undergo epithelial-mesenchymal transition[29]. Although acquiring the phenotype of some mesenchymal cells, malignant tumor cells will lose the phenotype of some epithelial cells, including morphology, surface antigens, and gene expression, etc. 
As 107 blood cells contain only 1 CTC, the detection of CTCs in peripheral blood must first involve their enrichment (isolated and purified)[30]. This can be divided into a positive enrichment method and a negative enrichment method based on whether the tumor cells in the blood sample are enriched by techniques such as immunomagnetic beads before detection[31]. Common detection methods include immunocytochemistry, flow cytometry, PCR, and immunomagnetic bead separation[32].

MICRORNAS
A miRNA is a type of endogenous non-coding small single-stranded RNA consisting of 18 to 24 nucleotides, which is widely found in plants, animals, protozoa, and viruses[33]. miRNAs can bind to gene promoter regions to modify histones and regulate gene expression at the transcriptional level. miRNAs are involved in regulating the physiological processes of a variety of cells, including differentiation, proliferation, and apoptosis, by the above-mentioned mechanisms of action, and are widely considered to be key regulators of gene expression[34]. The change in miRNA expression level is closely related to the occurrence and development of human cancer. It can be used as an oncogene or tumor suppressor to target and control the expression of signal pathway genes, which affects the growth, proliferation, migration, and invasion of various tumor cells[35].

EXOSOMES
[bookmark: OLE_LINK1572][bookmark: OLE_LINK1573][bookmark: OLE_LINK1574][bookmark: OLE_LINK1575][bookmark: OLE_LINK1576][bookmark: OLE_LINK1577]Exosomes are round extracellular vesicles with a lipid bilayer membrane, 30-150 nm in diameter[36]. In 1987, Johnstone et al[37] first discovered that a small membrane vesicle is released during the maturation of reticulocytes. Such vesicles can transfer transferrin receptors between cells and these vesicles were named "exosomes". Unlike microvesicles (100-1000 nm in diameter) that are shed directly from the cell membrane, and are derived from intracellular multivesicular bodies[38]. Early exosomes are also called early endosomes. They are formed by the inward budding of the cytoplasmic membrane, and then the inner body membrane further buds to form various intraluminal vesicles (multivesicular bodies), forming the endosomes of the pupa phase. This process is mainly composed of the endosomal sorting complex (ESCRT) which is initiated and driven, resulting in the production of polysomes[39]; the resulting polysomes can be transported to the lysosome for degradation or can be fused with the plasma membrane of the cell to be released into the extracellular environment. The released intraluminal vesicles are exosomes. The ESCRT contains a variety of proteins, including ESCRT series proteins (ESCRT-0, ESCRT-Ⅰ, ESCRT-Ⅱ and ESCRT-Ⅲ), auxiliary proteins, and interaction protein X, vacuolar protein sorting 4 and vesicle transporter protein[40]; Exosomes secreted by donor cells can be bound and taken up by recipient cells in different ways, including fusion with cell membranes, endocytosis, receptor ligand-mediated recognition and internalization; exosomes are taken up by recipient cells. After that, the substances contained in it can be released into the cytoplasm of the recipient cells and participate in regulating the biological activities of the recipient cells[41].

ESOPHAGEAL CANCER
Hsieh et al[42] found that plasma cfDNA levels in patients with esophageal squamous cell carcinoma were lower than those in normal individuals and that plasma cfDNA levels in patients with esophageal squamous cell carcinoma were not related to tumor location, stage, cell differentiation, lymph node metastasis or the presence of lymph and vascular invasion. However, high levels of plasma cfDNA can lead to shorter disease-free survival (DFS)[43]. Studies have shown that plasma cfDNA levels in patients with esophageal squamous cell carcinoma were not associated with gender, age, family history of tumor, tumor size, tumor stage, or tumor volume[43,44].
[bookmark: OLE_LINK1578][bookmark: OLE_LINK1579]CTCs are positive in the blood of patients with esophageal cancer, which may be an indication of early distant metastasis of esophageal cancer. Matsushita's research[45] suggests that the CTC count may be related to the clinical stage of esophageal cancer, but the investigators did not find a statistical correlation between the tumor stage and lymph node metastasis. Therefore, in view of the differences in the above research conclusions, whether the detection of CTCs in the peripheral blood of patients with esophageal cancer can be used as indicators of the clinical stage in esophageal cancer patients still requires further investigation. Some studies found that 2-year progression-free survival was lower than that in patients who were negative for CTCs[46,47].
There are reports in the literature that when early imaging does not find obvious abnormalities, some esophageal cancer cells or fragments of DNA will enter the blood circulation and form ctDNA[48]. These substances can be detected at a very early stage due to the ongoing developments in NGS techniques. For tumors, there are also reports in the literature that the detected ctDNA is used as a clinical-stage for esophageal cancer, and has a significant correlation with the classic tumor staging system (TNM)[49,50]. 
In recent years, a large number of studies have been conducted on normal esophageal tissues and esophageal cancer tissues, and it was found that the expression of many types of mRNA is significantly different between esophageal cancer tissues and normal tissues[51]. Feber et al[51] demonstrated that the expression of miR-21, miR-93, miR-192, and miR-194 in esophageal squamous cell carcinoma cells was higher than that in normal esophageal epithelial cells using miRNA expression profiling chips. In 2011, Matsushima et al[52] confirmed that miR-205 expression was higher in ESCC cell lines than in normal esophageal squamous epithelium. Li et al[53] found that miR-21 expression was significantly up-regulated in esophageal cancer tissues and cell lines. It was also found that miR-16, miR-25, miR-29c, miR-155, miR-22, and miR-315 are highly expressed in esophageal cancer. In contrast, a large number of down-regulated mRNAs have been found in esophageal cancer, such as miR-133a, miR-138, miR-143, miR195, miR-200b, miR-203, miR-429, miR-375, and miR-625[54].
Lin et al[55] used chip technology to analyze the expression profile of miRNA in esophageal squamous cell carcinoma and found that the high expression of has-miR-103 and has-miR-107 in esophageal squamous cell carcinoma is a potential poor prognostic factor for esophageal squamous cell carcinoma. Nguyen et al[56] analyzed the expression profiles of 10 miRNAs in 10 esophageal cancer cell lines and 158 tissue samples and found that the expression of miR-16-2 and miR-30 was related to a shorter overall survival and DFS rate in esophageal cancer patients. Guo et al[57] analyzed the relationship between the expression of four miRNAs (hsa-miR-31, hsa-miR-1423p, hsa-miR3383p, and hsa-miR-261) and the clinicopathological characteristics and prognosis of 91 patients with esophageal squamous cell carcinoma, and found that the expression of miR-31 and miR-1423p was related to the degree of tissue differentiation of esophageal squamous cell carcinoma (P < 0.05). The prognosis of esophageal squamous cell carcinoma patients with high expression of miR-1423 is poor and is an independent prognostic factor. Hierarchical analysis showed that in esophageal squamous cell carcinoma patients with a good prognosis (smaller tumor size, negative lymph node metastasis, or earlier stage), high expression of miR-1423 also indicated a poor prognosis.

STOMACH CANCER
[bookmark: OLE_LINK1593][bookmark: OLE_LINK1594]The meta-analysis conducted by Gao et al[58] on mixed-stage gastric cancer (GC) showed that ctDNA detection had obvious advantages in the specificity of GC diagnosis. Studies have found that cfDNA in the circulating blood of tumor patients is usually higher than that in healthy individuals, and the biological characteristics of cfDNA in these patients are the same as those in tumor tissues, which indicate that ctDNA is the main source of cfDNA in tumor patients. Kim et al[59] confirmed that the serum cDNA level in GC patients was higher than that in the healthy control group, and the sensitivity for the diagnosis of GC was 96.67%, and the specificity was 94.11%. These studies suggest that ctDNA can be used as a tumor marker for the diagnosis of GC. Newman et al[60] also confirmed this finding in a study of non-small cell lung cancer. They presented a fundamental new method named CAPP-Seq to detect non-small cell lung cancer ctDNA mutants with a specificity of 96%. It is worth noting that the sensitivity of current ctDNA tests for early cancers is about 30% to 40%[61]. Therefore, most early-stage cancers will not be detected by current ctDNA analysis methods.
[bookmark: _Hlk10030538][bookmark: OLE_LINK1600][bookmark: OLE_LINK1598][bookmark: OLE_LINK1599]Liu et al[62] first identified the expression profile of miRNAs in the serum of GC patients using microarray, and subsequently found that miR-378 expression levels in the serum of GC patients were increased (P < 0.01) compared with 41 healthy controls using quantitative real-time PCR. The area under the curve (AUC) was 0.861, and its sensitivity and specificity were 87.5% and 70.73%, respectively. It is worth noting that miR-378 showed a significant increase in the serum of patients with early GC (P < 0.05), indicating that it has potential value as a new noninvasive biomarker for screening early GC[63]. Song et al[63] also verified the serum miRNA expression profile in GC patients and further confirmed that the combined detection of three serum miRNAs (including miR-221, miR-744, and miR-376c) can diagnose GC with a sensitivity of 82.4% and specificity of 58.8%. A subgroup analysis showed that the combined detection of these three miRNAs could correctly diagnose GC in 22 of 30 early GC patients, and the early diagnosis accuracy rate was 73.3%, suggesting that these three miRNAs can be used as markers for screening early GC. Studies such as those by Cai et al[64] have shown that the AUC of miR-106b, miR-20a, and miR-221 were all greater than 0.75. In addition, these three miRNAs were significantly increased in the four TNM stages of GC (P < 0.05), suggesting that these three miRNAs can be used for screening of early GC. Li et al[65] confirmed that the expression of miR-199a-3p in the plasma of patients with early GC was significantly higher than that in healthy controls (P < 0.01) and patients with precancerous gastric lesions (P < 0.01), and that miR-199a-3 predicted an AUC > 0.8 for early GC, which was significantly higher than CEA, CA72-4, CA19-9, and CA12-5 detection. The diagnostic sensitivity, specificity, and accuracy of miR-199a-3 were greater than 70%, indicating that it is expected to be an ideal diagnostic and screening marker of early GC. Zhu et al[66] detected the expression of miRNAs in the plasma of 40 patients with early gastric non-cardiac adenocarcinoma (Ia/Ib) and 40 healthy controls using a TLDA chip, and screened out 5 miRNAs with elevated expression in the plasma of GC patients. The five miRNAs (miR-16, miR-25, miR-92a, miR-451, and miR-486-5p), had an AUC greater than 0.69 in the diagnosis of early gastric non-cardiac adenocarcinoma; and the combined detection of these five miRNAs was better than a single miRNA, with an AUC of 0.89 detected with the combination in the test phase and the validation phase, which distinguished early gastric non-cardiac adenocarcinoma patients from healthy controls. The above results show that although a specific miRNA in plasma can help distinguish different subpopulations, the combined detection of a set of miRNAs may have higher diagnostic potential.
[bookmark: _Hlk28650865][bookmark: OLE_LINK1601][bookmark: OLE_LINK1602]CTCs may provide the ability to reproducibly and non-invasively detect treatment effect in cancer patients and identify potential lesions not found by imaging, which can aid early diagnosis and individualized treatment, thereby improving the survival rate of GC patients. Shen et al[67] used the receiver operating characteristic curve to determine the optimal threshold level of CTCs for distinguishing GC patients from healthy control groups, and defined the threshold as ≥ 2 CTCs per 7.5 mL of blood, with sensitivity and specificity values of 85.3% and 90.3%, respectively. Some studies[68,69] have found that the positive rate of CTCs in the peripheral blood of patients with GC is significantly higher than that in patients with benign gastric disease. Tang et al[70] conducted a meta-analysis to assess the overall accuracy of the diagnosis of GC using the detection of CTCs. The specificity of the test for GC diagnosis was 99%. Therefore, the outstanding feature of CTCs used for GC diagnosis is that they have better specificity, which may be valuable in the diagnosis and confirmation of GC. These results indicate that CTCs may serve as a biomarker for the early diagnosis of GC.
[bookmark: OLE_LINK1603][bookmark: OLE_LINK1604]In studies of GC, the detection of CTCs indicated that patients with GC have shorter progression-free survival and overall survival[71]. Uenosono et al[72] used the cell search system to detect CTCs in 251 GC patients, and the results showed that the relapse-free survival rate and 5-year survival rate of CTCs-positive patients were significantly lower than those of CTCs-negative patients. Wang et al[73] found that GC patients who were positive for CTCs had a higher recurrence rate than GC patients who were negative for CTCs, and their 3-year DFS was shorter. A meta-analysis[74] showed that CTCs are more common in late GC than early GC, and are more common in poorly differentiated GCs than in well-differentiated or moderately differentiated GCs, and are significantly associated with patient progression-free survival and overall survival. These studies suggest that CTCs can be used as an effective indicator in monitoring the recurrence or prognosis of GC patients. If recurrence can be predicted, then information on CTCs could help patients avoid unnecessary adjuvant chemotherapy. Some studies have suggested the predictive value of CTCs detection during GC chemotherapy. Li et al[75] monitored the dynamic changes in CTCs during the treatment of 15 patients with GC. The results showed that patients with persistently low levels of CTCs or patients who transitioned to low levels of CTCs early after treatment had a better prognosis. Patients with persistently higher levels of CTCs or those who transitioned to higher levels of CTCs after treatment had a worse prognosis, which means that the effect of the treatment being administered was limited. A meta-analysis[76] concluded that the status of CTCs has significant prognostic value for patients with GC treated with chemotherapy alone. Therefore, the evaluation of CTCs may be an effective strategy for predicting tumor prognosis and monitoring the curative effect in patients with GC.
[bookmark: OLE_LINK1605][bookmark: OLE_LINK1606]In recent years, with the development of exosome extraction technology and the in-depth study of exosomes, research on the relationship between exosomes and GC has been continuously reported. In the early diagnosis of GC, Lin et al[77] found that tumor-derived exosomes IncUEGC1 could be used as a circulating biomarker for early GC. During GC development, Li et al[78] found that the overexpression of miR-217 in GC-derived exosomes promoted GC cell proliferation. Zheng et al[79] found that exosomes-mediated functional ApoE protein promoted metastasis of GC cells. In terms of prognosis, Liu et al[80] found that exosomes miR-451 derived from GC cells can be used as an indicator of poor prognosis.

INTESTINAL CANCER
ctDNA methylation is strongly associated with early CRC tumors. In a large-scale, multi-center, prospective CRC screening test[81] more than 7900 patients who underwent regular colonoscopy were recruited, of which 53 patients were found to have CRC and the SEP9 gene in plasma ctDNA. The sensitivity of abnormal methylation as a diagnostic screening test in asymptomatic CRC patients was 48.2%, and the specificity was 91.5%. Recent studies[82,83] have confirmed that the mutation frequency of ctDNA is correlated with the prognosis of CRC. Lecomte et al[83] analyzed the survival of 37 patients with CRC (average follow-up period of 22 mo). The results showed that the overall annual survival rate of patients with KRAS mutation and CDKN2A promoter hypermethylation was only 48%, while patients without these genetic mutations had an annual overall survival rate which reached 100%.
Reinert et al[84] developed a personalized detection method based on ctDNA and evaluated and quantified the levels of ctDNA and somatic cell variation in the plasma of 6 patients with recurrent CRC and 5 patients with non-recurrent CRC using digital PCR technology. Compared with traditional follow-up methods, ctDNA can detect tumor recurrence 10 months in advance, and its sensitivity and specificity are 100%. Therefore, for non-metastatic patients after radical surgery, ctDNA can capture and monitor small residual lesions before imaging and clinical confirmation of recurrence, and predict tumor recurrence early through genomic changes.
[bookmark: OLE_LINK1580][bookmark: OLE_LINK1581][bookmark: OLE_LINK1582][bookmark: OLE_LINK1583][bookmark: OLE_LINK1607][bookmark: OLE_LINK1608]At present, there are more studies on the correlation between CTCs and the prognosis of CRC patients than in other gastrointestinal tumors[85,86]. CTCs can predict the long-term survival of CRC patients. A significant increase in the number of high CTCs or a continuous increase after surgery may indicate a poor prognosis for CRC patients[85]. CTC concentration at 7 d is an independent prognostic factor for local metastasis[86]. In addition, a meta-analysis[86] showed that baseline CTC counts are independent prognostic factors related to progression-free survival and overall survival in patients with CRC.
Hiraiwa et al[87] examined CTCs in 130 patients with gastrointestinal tumors and 41 healthy volunteers and found that the number of CTCs in the peripheral blood of patients with metastatic tumors was significantly higher than the number of CTCs in non-metastatic patients and healthy volunteers. Maestro et al[88] tested peripheral blood CTCs in 438 patients with breast cancer, 195 cases of rectal fever, and 50 patients with previous adenocarcinomas. The rates of tumor metastasis in these three groups of patients were 43.8%, 15.9%, and 48%, respectively. 63.3% of patients with metastasis had more than 2 CTCs, and only 14.0% of patients with tumors who did not metastasize had more than 2 CTCs, and no healthy volunteer exceeded this level. Dalum et al[89] studied 183 newly diagnosed patients with non-diffusive metastatic CRC before surgery. It was found that 44 patients (24%) had CTCs greater than 1 CTC/30 m in 4 preoperative tests. These patients had significantly lower metastasis-free and recurrence-free survival after surgery than those without CTCs. CTCs in the peripheral blood of patients were not related to recurrence-free survival within a few weeks after surgery, but were related to recurrence-free survival 2-3 years after surgery. This evidence shows that CTCs are closely related to the metastasis of CRC.
The expression of different miRNAs is helpful in the prognosis of CRC. A study of CRC patients treated according to the International Union Against Cancer standards found that the expression levels of miR-152 and miR-148 were correlated with the prognosis of CRC patients[90]. Agostini et al[91] compared the miRNA expression profiles of two groups of stage II colon cancer and adjacent normal tissues, and found that there were 37 miRNA expression differences, of which miR-20, miR-21, miR-106, miR-181, and miR-203 may be related to prognosis, and high expression in tumor tissue decreased the survival rate of patients. Another study[92] showed that patients with stage II colon cancer and high levels of miR-320 and miR-498 have a shorter relapse-free survival than those with low expression.
In addition, many studies have shown that abnormal miRNA expression is related to lymph node metastasis[93]. For example, miR-129 and miR-137 are different in colon cancer patients with and without lymph node metastasis[93]. Weissmann-Brenner et al[94] conducted a study of 110 CRC patients with relapse and no recurrence and found that in stage II CRC, the expression of 903 miRNAs was detected in CRC tissues, regardless of recurrence. There was no difference between the relapse group and the non-relapse group; and in the CRC development period, those with down-regulated expression of miRNA-29a in CRC had a better prognosis and longer survival time. The above studies show that the expression of various miRNAs in CRC tissues is related to tumor growth, lymph node and organ metastasis, and patient survival. Thus, miRNAs are expected to be prognostic markers of CRC.
Li et al[95] found that cirRNA was included in the exosomes of patients with colon cancer and that the expression of exosome cirRNA in serum was different to that in the normal population, providing a new marker for the diagnosis of colon cancer. The continuous advancement of exosome analysis and detection technology provides a theoretical and practical basis for the detection, separation and purification of exosomes. The Japanese experimental team used a highly sensitive analytical technique, Exo Screen, to determine the surface protein of extracellular vesicles[96]. CD147 is an antigen on the surface of colon cancer cell lines. Studies have confirmed that the detection of CD147 in extracellular vesicles can be used for the diagnosis of colon cancer. CD147, as a biomarker for colon cancer diagnosis, has better effects than the traditional diagnostic markers CEA and CA19-9 for colon cancer[97].
[bookmark: OLE_LINK1623][bookmark: OLE_LINK1624]The level of miR-17-92a in serum exosomes is closely related to the recurrence of CRC[98]. Compared with the normal population, the level of miR-17-92a in the serum of patients with CRC is significantly increased. Matsumura et al[98] divided 209 colon cancer patients into a high-expression group (n = 133) and low-expression group (n = 76) based on serum exosomal miR-17-92a levels. The survival rate of patients in the high-expression group was significantly lower than that in the low-expression group (P = 0.004). In addition, an analysis of 146 patients with colon cancer, which did not include stage IV, found that the DFS of the high-expression group was significantly lower than that of the low-expression group (P = 0.0002). Factor analysis showed that miR-17-92a levels in serum exosomes can be used as independent factors for prognosis. Soldevilla et al[99] found that plasma exosome DNp73 levels in patients with colon cancer were significantly higher than those in the normal population. Moreover, the DNp73 high-level group had a higher stage and shorter DFS. In addition, the serum CEA level of patients in the DNp73 high expression group was significantly increased (P = 0.08). The level of DNp73 in exosomes of patients with colon cancer may be related to the survival of patients and may become an index for judging prognosis.

LIVER CANCER
During the occurrence and development of liver cancer, the content of cfDNA is closely related to the development and prognosis of the tumor. The content of cfDNA is usually higher in patients with hepatocellular carcinoma (HCC) or large liver cancer, but lower in patients with early or small liver cancer[100]. Patients with higher cfDNA content have a worse prognosis and are more likely to develop recurrence and metastasis[101]. Therefore, the content of cfDNA in the blood of liver cancer patients can be used for the diagnosis and prognosis of liver cancer, but this method only calculates the overall cfDNA concentration and does not distinguish the genetic changes of ctDNA[102]. The sensitivity and specificity are not high. By detecting cancer-specific gene mutations or epigenetic changes in the blood of liver cancer patients, this can provide a more accurate marker for the diagnosis of liver cancer. For example, as a classic tumor suppressor gene, the P53 gene has few mutation hot spots and high stability, and the serine mutation at position 249 of this gene often occurs in the liver caused by the chemical carcinogen aflatoxin or hepatitis B virus infection. It can be detected early in the onset of liver cancer[103]. Therefore, the ctDNA of serine 249 in the P53 gene can be used as a marker for early diagnosis of liver cancer[104]. In addition, the detection of epigenetic changes of ctDNA in peripheral blood can be used as another means for early diagnosis of liver cancer. For example, detection of the methylation of RASSE1A, p15, and p16 in ctDNA can be used as an effective biomarker for the diagnosis and prognosis of liver cancer[104]. The diagnostic sensitivity can reach 84% and the specificity can reach 94%, which can diagnose liver cancer earlier than current detection methods[105].
In the early stages of CTC research, the early diagnosis of liver cancer is mainly carried out by assessing the number of CTCs[106]. A significant positive correlation was observed between the number of CTCs and the standard Barcelona (Barcelona Clinic Liver Cancer) stage and serum alpha-fetoprotein (AFP) levels[107]. Not only is the number of CTCs related to staging, but different CTC phenotypes (such as epithelial phenotype, mesenchymal phenotype, hybrid phenotype, etc.) are also correlated with staging[108]. The accuracy of CTCs in the early diagnosis of liver cancer has been further improved. For example, combining CTCs with genomics, researchers used a microfluidic chip to directly filter out red blood cells, platelets, plasma and other components in the blood, while retaining active CTCs[109]. By combining with PCR technology, early liver cancer and CTCs were found in peripheral blood from AFP-negative patients[110]. In addition, the combination of CTC detection and other biomarker detection methods to form a multi-marker model has improved the sensitivity and specificity of diagnosis to more than 90%[111]. Methods using different mathematical models, such as logistic regression and classification and regression tree modeling analysis combined with CTC test results under different etiologies are also highly stable and accurate in the diagnosis of early liver cancer.
Studies have shown that HCC patients with higher peripheral blood CTC counts have a worse prognosis, higher risk of recurrence, and lower DFS and overall survival[112]. In addition, the change in CTC count in peripheral blood after treatment can reflect the treatment effect. The decrease or disappearance of CTC count in peripheral blood after treatment (including surgery, intervention, and targeted drugs) indicates that the treatment effect is positive[111]. Patients with no change in CTC count and an increase after a decline often indicate poor treatment outcomes and tumor recurrence or resistance. Ye et al[113] investigated the relationship between the CTC count and the clinical outcome of patients with hepatitis B virus-related HCC after radical resection and found that patients with lower CTC counts (≤ 2/5 mL) and patients with higher counts (> 2/5 mL) were similar. Both, DFS and OS were significantly prolonged, suggesting that higher CTC counts may be an independent marker of poor prognosis in HCC. Hao et al[114] conducted further research, and the results showed that patients with anterior approach hepatectomy had significantly lower CTC counts in peripheral blood than patients with traditional approach hepatectomy, and the 2-year recurrence rate and 2-year survival rate were also significantly reduced. A significant reduction suggested that anterior approach hepatectomy significantly reduced the postoperative CTC count compared with traditional hepatectomy and significantly improved the patient's prognosis. CTCs have shown great advantages in related studies on HCC prognosis and have benefited some patients[115]. 
Early HCC is difficult to diagnose, and serum miR-21 and miR-122 can distinguish HCC patients from healthy controls. The AUCs of miR-21 and miR-122 are 0.88 and 0.77, respectively; the sensitivity and specificity of miR-21 are 86.6% and 79.5 %, the sensitivity and specificity of miR-122 are 68.0% and 73.3%[116]. Serum miR-106b level has a certain clinical value for HCC diagnosis and disease assessment[117]. The serum level of miR-106b in patients with advanced HCC (stage Ⅲ/Ⅳ) is higher than that in the early stage[118]. MiR-92-3p, miR-107 and miR-3126-5p are valuable markers for the diagnosis of HCC, especially for patients with early-stage HCC (stage I/II) (AUC = 0.975) and patients with low levels of AFP (AUC = 0.971). The combined application of miR-92-3p, miR-107, and miR-31265p with AFP is more effective in distinguishing patients with early HCC (AUC = 0.988) and patients with low-level AFP (AUC = 0.989)[119].
Exosomal-derived miRNA can be used not only as a marker of early screening and early diagnosis but also as a marker of tumor prognosis[120]. miR-221 is also highly expressed in liver cancer tissues and is related to the size of liver cancer and the prognosis of patients[121]. Other studies have reported that in liver cancer, miR-718 is inhibited in peripheral blood exosomes by regulating the expression of the target gene HOXB8. The tumor cells were differentiated, and the expression of serum exosomes miR-718 after liver transplantation was negatively correlated with tumor recurrence[122].

CONCLUSION
In summary, liquid biopsy technology has been widely studied and applied in CRC and other tumor types, and can provide more accurate treatment measures for tumor patients and enable patients to obtain the best clinical benefits. Despite this, liquid biopsy still faces many challenges and is still in the clinical trial stage. Large-scale prospective clinical trials are needed for further verification. It is believed that liquid biopsy can bring hope to patients in terms of more accurate diagnosis and prognosis.
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[bookmark: OLE_LINK1656][bookmark: OLE_LINK1657][bookmark: OLE_LINK1660][bookmark: OLE_LINK1661][bookmark: OLE_LINK1662][bookmark: OLE_LINK1663]Figure 1 The liquid biopsy markers commonly used for cancer screening and surveillance. With the rapid development of molecular biological technology, the liquid biopsy markers, including circulating free DNA, circulating tumor DNA, circulating tumor cells, microRNAs and exosomes can be clinically employed to detect early tumor generation and metastasis. cfDNA: Circulating free DNA; ctDNA: Circulating tumor DNA; CTCs: Circulating tumor cells; miRNA: MicroRNAs; dPCR: Digital polymerase chain reaction; FCM: The fuzzy c-means; LT-PCR: Long template polymerase chain reaction; TEC-Seq: Targeted error correction sequencing.
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