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Abstract: (1) Background: Liquid biopsy (LB) is a novel diagnostic method with the potential of
revolutionizing the prevention, diagnosis, and treatment of several solid tumors. The present paper
aims to summarize the current knowledge and explore future possibilities of LB in the management
of metastatic gastric cancer. (2) Methods: This narrative review examined the most recent literature
on the use of LB-based techniques in metastatic gastric cancer and the current LB-related clinical trial
landscape. (3) Results: In gastric cancer, the detection of circulating cancer cells (CTCs) has been
recognized to have a prognostic role in all the disease stages. In the setting of localized disease, cell-
free DNA (cfDNA) and circulating tumor DNA (ctDNA) qualitative and quantitative detection have
the potential to inform on the risk of cancer recurrence and metastatic dissemination. In addition,
gastric cancer-released exosomes may play an essential part in metastasis formation. In the metastatic
setting, the levels of cfDNA show a positive correlation with tumor burden. There is evidence that
circulating tumor microemboli (CTM) in the blood of metastatic patients is an independent prognostic
factor for shorter overall survival. Gastric cancer-derived exosomal microRNAs or clonal mutations
and copy number variations detectable in ctDNA may contribute resistance to chemotherapy or
targeted therapies, respectively. There is conflicting and limited data on CTC-based PD-L1 verification
and cfDNA-based Epstein–Barr virus detection to predict or monitor immunotherapy responses.
(4) Conclusions: Although preliminary studies analyzing LBs in patients with advanced gastric
cancer appear promising, more research is required to obtain better insights into the molecular
mechanisms underlying resistance to systemic therapies. Moreover, validation and standardization
of LB methods are crucial before introducing them in clinical practice. The feasibility of repeatable,
minimally invasive sampling opens up the possibility of selecting or dynamically changing therapies
based on prognostic risk or predictive biomarkers, such as resistance markers. Research is warranted
to exploit a possible transforming area of cancer care.

Keywords: liquid biopsy; circulating tumor cell; cfDNA; ctDNA; metastatic gastric cancer; epithelial–
mesenchymal transition; resistance to treatment; HER2-inhibition; VEGFR-inhibition; immunother-
apy; response monitoring

1. Introduction

The term liquid biopsy simultaneously encompasses a group of significantly different
techniques, emerging as a tool that clinical practitioners can use to diagnose cancer, assess
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prognosis, identify targetable alterations, predict the effectiveness of treatments, and
monitor tumor burden and therapeutic resistance. Among solid tumors, the potential for
liquid biopsy has been most thoroughly studied in colorectal cancer, non-small cell lung
cancer, and breast cancer and less explored in gastric cancer [1–3]. In our introduction,
following a brief description of gastric cancer’s prognostic and predictive biomarkers, we
provide a brief overview of the history and applications of liquid biopsy. It is not the
purpose of this article to describe the technical and procedural background and limitations
of liquid biopsy, which would go beyond the scope of this review. Readers may also refer
to some of the excellent recent reviews on this topic [1–3].

1.1. Overview of the Prognostic and Predictive Tissue Biomarkers in Gastric Cancer

Stomach cancer is the fifth most prevalent tumor globally, with a worldwide incidence
in increasing trend of growth [4]. According to the Global Cancer Observatory of the World
Health Organization, from the 1.09 million cases diagnosed in 2020, the incidence will rise
to 1.77 million by 2040 [5].

Histologically, around 90% of gastroesophageal junction cancer (GEJC) and gastric can-
cer cases are adenocarcinomas [6,7]. Gastric adenocarcinomas can be further divided into
four categories based on The Cancer Genome Atlas (TCGA) Research Network’s molecular
classification. The classification differentiated (i) chromosomally unstable, (ii) Epstein–Barr
virus-induced, (iii) genomically stable, and (iv) microsatellite unstable groups [8].

Several biomarkers have prognostic or predictive value in gastric cancer, and their
prevalence may vary depending on the disease stage. Both Programmed cell death lig-
and 1 (PD-L1) and Human epidermal growth factor receptor 2 (HER2)-positive tumors
have been linked to aggressive disease and reduced survival, although some conflicting
evidence still exists [9–12]. A decreased risk of lymph node metastasis, tumor invasion,
and mortality has been correlated with microsatellite instability (MSI) in stomach cancer.
However, the connection with improved prognosis remains unclear in light of conflicting
evidence [13]. Several publications have questioned the role of neoadjuvant chemotherapy
in microsatellite-instable tumors and supported a surgery-only approach. The predic-
tive value of microsatellite instability in the clinical decision of providing perioperative
chemotherapy may be prospectively confirmed by subgroup analyses of the FLOT-4 and
JACCRO GC-07 studies [14–17]. In EBV-positive gastric cancers, subsequent studies have
also demonstrated that PD-L1 expression is increased and associated with a decrease in
survival [18,19].

The clinical benefit of immunotherapy has been reported in two subgroups of gas-
tric cancer, in tumors with elevated PD-L1 expression and in tumors with microsatellite
instability [20–22]. Correlation between HER2 positive status and clinical response to
trastuzumab has also been observed [11]. Therefore, according to the National Comprehen-
sive Cancer Network (NCCN)’s newest guidelines in the USA, MSI testing is suggested
in all newly diagnosed patients, and HER2 and PD-L1 testing are recommended in all
metastatic cases [23]. High tumor mutational burden and positive EBV status are emerging
predictive biomarkers for gastric cancer immunotherapy [24–26].

1.2. A Brief Introduction to Liquid Biopsy

In 1948, Mandel and Métais published the results of discovering extracellular nucleic
acids (DNA and RNA) in the blood [27]. In 1966, Leon et al. measured circulating free DNA
(cfDNA) levels in 173 oncology patients and 55 healthy controls by using radioimmunoas-
say. The authors observed that 50% of cancer patients had normal cfDNA levels. However,
they reported substantially higher levels of cfDNA in the serum of metastatic patients. In
some patients, dynamic changes in cfDNA have been observed after radiation therapy by
using serial sampling [28]. Nearly thirty years later, evidence has been provided that tumor
cells release their DNA into the bloodstream. By parallel testing of the primary tumor
and the plasma, characteristic mutations of selected genes like RAS or gene alterations in
the genes involved in DNA mismatch repair (MMR) (i.e., present in the primary tumors)
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could also be detected in the matching plasma. This phenomenon was reported across the
indications by several groups [29–31]. In 2008, Diehl et al. demonstrated that it is possible
to molecularly detect tumor relapse in colorectal cancer by tracking individually selected
tumor-specific mutations in the plasma. The authors summed this approach’s benefits
in its high specificity, and the downside was to create a unique mutation-specific probe
marker for each subject [32]. Simultaneously, it was recognized that tumor DNA could
be isolated from many other body fluids, such as cerebrospinal fluid, saliva, pleural fluid,
urine, and fecal samples [33–36]. Nowadays, liquid biopsy is composed of different biolog-
ical sources such as circulating tumor microemboli (CTM), circulating tumor cells (CTC),
cell-free nucleic acids, exosomes, or tumor-educated platelets (TEP) [37,38]. Additional
information can be obtained by molecular characterization in addition to detecting these
specific circulating factors’ presence or concentration.

The aim of this narrative review, based on this context, is to study the current landscape
and the future application of liquid biopsy in metastatic gastric cancer. Therefore, we
present an outline of its potential role in the diagnosis of metastatic disease and monitoring
of clonal dynamics during systemic therapies together with possible future applications.

2. The Role of Liquid Biopsy in Gastric Cancer in the Early Detection of
Metastatic Disease

Circulating free DNA (cfDNA) in the blood is mainly derived from apoptotic cells,
mostly from leukocytes [39]. Invasive primary tumors, circulating tumor cells, and
metastatic sites may also be the source of circulating free DNA passively or actively releas-
ing tumor DNA into the circulation [40]. In a case-control study, enrolling 30 gastric cancer
patients and 34 healthy individuals, Kim et al. demonstrated that mean plasma cfDNA lev-
els were the lowest among healthy subjects and highest in patients with advanced gastric
cancer [41]. In a larger trial, among the subset of 18 gastric cancer patients, an association
has been observed between the higher level of postoperative cfDNA and recurrence [42].
One study followed the dynamics of total circulating cell-free DNA (cfDNA) levels in
73 gastric cancer patients in the postoperative period. The authors reported that plasma
cfDNA levels might increase for three months after surgery, then decrease [43]. Circulating
tumor DNA (ctDNA) is usually only a small portion of circulating free DNA and has
recently emerged to predict recurrence or relapse in several cancer types. For example, in
breast cancer, serial ctDNA sampling is reliable in identifying tumor progression or distant
metastatic disease. Circulating tumor DNA may be detected from the plasma up to 1 year
before radiologically detectable disease progression [44]. Other similar studies have found
that liquid biopsies can also be used for surveillance of other gastrointestinal malignancies.
In addition to detecting relapsed or recurrent disease, the presence of ctDNA may influence
the choice of adjuvant chemotherapy [45,46].

In gastric cancer patients undergoing gastrectomy, a Japanese study has monitored
somatic mutations of the TP53 (tumor protein P53) gene in plasma that were initially
present in (matched) tumor samples and ctDNA (detected in 3/42 patients). Elevated TP53-
mutant ctDNA levels were associated with a higher risk of disease progression; however,
the number of patients that the authors could track (n = 3) was relatively small [47]. The
hypothesis of detecting molecular residual disease (MRD) by ctDNA has been prospec-
tively investigated in 46 patients with stage I–III gastric cancer resected with curative
purpose. Baseline ctDNA was positive in 45 percent of the plasma samples and inde-
pendently associated with the primary tumor’s extent (p = 0.006). Patients with early
tumors with no gastric muscularis propria infiltration had no detectable pre-operative ctDNA
(p = 0.024), irrespective of the involvement of the regional lymph nodes. Postoperative
ctDNA detection was associated with disease recurrence in all patients in this study. The
ctDNA positivity preceded radiological recurrence by a median of 6 months, and its
positivity at any time postoperatively associated with worse disease-free and overall sur-
vival [48]. Another study analyzed the personalized cancer-specific rearrangements of
25 gastric cancer patients in the postoperative period for one year. While no correlation was
found between ctDNA positivity preoperatively and cancer recurrence, the detection of
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ctDNA postoperatively was significantly associated with cancer recurrence in the first year
(p = 0.029), and the median time observed between ctDNA detection and radiologic cancer
recurrence was 4.05 months [49]. The Japanese MONSTAR-SCREEN study performed a
serial ctDNA assay involving 540 patients with advanced solid tumors, of whom 133 had
gastrointestinal (GI) tumors (48 patients had gastric tumors). Published results showed
that ctDNA levels in GI tumors were significantly higher compared to non-GI tumors.
One-third of the alterations detected in tumors were detected only in ctDNA, not in the
tissue sample [50]. The SCRUM-Japan GOZILA (UMIN000016343) study examined the
role of ctDNA-based comprehensive genomic profiling in facilitating the recruitment of
patients for clinical trials compared to tissue-based detection. The use of liquid biopsy,
according to the authors, reduced the lead time of testing to its one-third (11 vs. 33 days)
and doubled the rate of patient enrolment into studies (9.5 vs. 4.1%). When detectable
target alterations in tumors were determined using ct-DNA, the efficacy of the treatment
was not inferior to that associated with tissue-based determination [51].

In gastric cancer, the detection of circulating tumor cells (CTCs) in peripheral blood
may have clinical utility in monitoring tumor recurrence and metastatic spread [52]. Ac-
cording to a meta-analysis encompassing 2566 patients from 26 trials, the detection of
CTCs was correlated with a substantial inferior effect on the patients’ overall survival in all
stages [53].

In a prospective trial that has enrolled 93 patients with resectable gastric cancer, pa-
tients with CTCs ≥ 5/7.5 mL detected in postoperative blood samples had significantly
inferior disease-free survival (DFS) and overall survival (OS) than those with a smaller
number of CTCs. The increased number of CTCs after treatment correlated with early
recurrence as well [54]. In addition to the detection and concentration of CTCs, additional
methods can be used to characterize CTCs, including chromosomal abnormalities, cell
surface markers, and receptors. One example of this is the CD44 positivity of the CTCs,
which may have a negative prognostic significance in epithelial tumors. A prospective trial
that enrolled 228 patients with resectable gastric cancer found that during the long-term
follow-up, among the 99 cytokeratin-positive tumors, distant metastases were observed in
half of the CD44-positive patients, compared with 19% of patients in the CD44-negative
group [55]. CTCs often contain more than two copies of chromosome 8. Based on this
feature, they can be identified by specific methods (e.g., SET-iFISH). According to Li et al.,
monitoring the therapeutic response in metastatic gastric cancer by tracking chromosome
eight aneuploidy may be a useful tool [56,57]. Cancerous stem cell features, tumor cell inva-
siveness, and chemoresistance properties are all gained during the epithelial–mesenchymal
transformation (EMT). The emergence of mesenchymal markers and a decline in epithelial
markers accompany this transformation. As a result, epithelial markers are unable to
identify CTCs undergoing EMT (EpCAM-based enrichment methods) [58–60].

The development of peritoneal metastases is relatively common, affecting one in two
patients with gastric cancer. Predisposing factors for the development of peritoneal metas-
tases are less well known. Tumor implantation, hematogenous spread, or exosomes have
all been described as possible mechanisms for developing peritoneal metastasis [61]. Sev-
eral authors have questioned the practical utility of using CTC identification for the early
detection of peritoneal metastases. According to a prospective study involving 136 patients
with advanced gastric cancer, the presence of peritoneal metastases did not correlate with
the number of CTCs [57]. In contrast to CTCs, gastric cancer-released exosomes may play
an essential part during the process of peritoneal metastatic spread in the transformation
of the premetastatic microenvironment. Exosomes may weaken the mesothelial barrier
by inducing apoptosis of the peritoneal cells and fibrosis [62]. The content of exosomes
consists of proteins, lipids, and RNA (miRNA and mRNA) that are characteristic of the
original cell secreting them, thus allowing further segmentation [63]. The composition
of microRNA (miRNA) contained in exosomes may induce proliferation and has been
reported to determine the site of metastasis formation (organotropism) [64,65]. In a bioin-
formatics study of exosomal miRNAs, three candidates were suggested as biomarkers for
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gastric cancer metastasis, namely miR-10b-5p for nodal metastasis, miR-101-3p for ovarian
metastasis, and miR-143-5p for liver metastasis [66]. Another study described gastric
cancer exosomes enriched with miR-106a being able to induce the formation of peritoneal
metastases [67]. Among serosa-involved gastric cancer patients, reduced exosomal miR
29 levels in peritoneal lavage fluid or ascites are correlated with the enhanced risk of
developing peritoneal metastases and worse OS [68]. In addition to exosomal information
transfer from tumor cells, there is also crosstalk between healthy tissues and tumor cells. A
proteomic study confirmed the role of omental exosomes in the growth of gastric cancer
and the development of peritoneal metastases [69]. In the circulation, microRNAs can not
only be found in exosomes or microvesicles, but also in a protein-bound state. MicroRNAs
primarily bind to Argonaute2 (Ago2) protein or to High-density lipoprotein (HDL). As
described in colon cancer, monitoring of Ago2 as well as Ago2-miRNA levels in the blood
of gastric cancer patients may be a possible marker of tumor progression and response to
chemotherapy [70–72].

3. The Role of Liquid Biopsy in Disease Monitoring

Circulating tumor microemboli (CTM) are clusters of CTCs in the blood, which are
not only entirely composed of tumor cells. Non-cancerous cell types found in CTMs
are white blood cells, fibroblasts, endothelial cells, pericytes, and platelets [73]. Several
authors have described that tumor cells in CTM have specific phenotypic and molecular
characteristics. In contrast to CTCs, no apoptotic signals are observed in CTMs, suggesting
that the CTM clusters are not developing within the blood, but tumor cells are cleaved
together from their site of origin, retaining their cell–cell connections [74]. In a study that
enrolled 41 patients with treatment-naive metastatic gastric cancer, Zheng et al. examined
the prognostic significance of CTM in peripheral blood samples. In a multivariate analysis,
detectable CTM in the blood was an independent prognostic factor for shorter overall
survival [58].

In the next section, we detail the role of liquid biopsy in the therapy follow-up and
treatment resistance.

3.1. Liquid Biopsy in Response Monitoring or Detection of Resistance Mechanisms to
Chemotherapy or Targeted Therapy

In recent years, monitoring the response to anti-cancer treatment has undergone a
rapid change. Liquid biopsy has proven to be helpful in different solid malignancies for
detecting new resistance mechanisms to chemotherapy and targeted therapy. However,
data available for molecular mechanisms of resistance to gastric cancer treatment in this
clinical setting is still scarce. Liquid biopsies may also help diagnose resistance to treatment
before radiological progression and are gaining more relevance as a tool for optimizing
patient care. The serum exosome proteome of metastatic gastric cancer patients was defined
recently in detail by Ding et al. [75]. A study showed that, in gastric cell lines, exosomal
Ribosomal Protein S3 (RPS3) secreted by cisplatin-resistant tumor cells could be taken
up by cisplatin-sensitive cells and thus become chemoresistant (through activation of
the PI3K-Akt-cofilin-1 signaling pathway) [76]. Another gastric cell-line experiment has
identified the microRNA-501-5p (miR-501) as an inductor of doxorubicin resistance [77].
Overexpressed long noncoding RNAs (lncRNAs) may regulate chemotherapy resistance
indirectly through a variety of mechanisms [78].

Two main targeted therapy groups are approved for their use in metastatic gastric
cancer, namely anti-angiogenics and HER2 inhibitors. The retrospective biomarker anal-
ysis of the phase III REGARD trial examined the role of VEGFR2 (vascular endothelial
growth factor receptor 2) expression on survival and the response to ramucirumab. This
analysis ruled out any predictive value of the VEGFR2 expression levels and suggested a
non-significant prognostic trend of shorter PFS among the high expressors. The analysis
proved no relationship between the baseline concentration of serum circulating VEGF-C,
VEGF-D, VEGFR1, VEGFR3 proteins, and the efficacy of ramucirumab treatment [79]. In
the phase III AVAGAST trial, resistance to treatment with bevacizumab was seen among
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patients with lower baseline VEGF-A plasma levels and a trend towards lower survival
rates. Another examined biomarker was baseline neuropilin-1 expression. Low initial
neuropilin-1 expression was not only prognostic (indicating poor survival), but was predic-
tive of the response to bevacizumab [80]. The novel VEGFR2 inhibitor apatinib appeared
to antagonize the chemotherapy resistance by inhibiting the transport function of the
multi-drug resistance proteins MDR1 and BCRP and could be considered in combination
with platinum compounds or fluoropyrimidines. However, the clinical benefit of such
strategies is still to be determined [81]. The anti-HER2 monoclonal antibody trastuzumab
is a standard-of-care in treating HER-2 positive metastatic gastric cancer. Interestingly,
according to a report, the examination of the HER2 status of circulating tumor cells (CTCs)
reported higher positivity in CTCs (43%) compared to primary tumors (11%) [82].

Several resistance mechanisms against HER-2 inhibition have already been described [83].
One such mechanism is downregulation of the ERBB2 at a transcriptional level, leading
to lower HER2 expression and failure of HER-2 inhibition strategies [84,85]. In vitro and
in vivo models with gastric cancer cell lines show that the activation of several alternative
pathways is an alternative mechanism for developing resistance to HER2 inhibition. The
HER4–YAP1 axis is activated after chronic exposure to trastuzumab in cell cultures and
translates into a higher rate of EMT and resistance to therapy. Blocking HER4 phosphoryla-
tion lowers the activity of YAP1, a downstream transcription factor directly involved in
regulating the expression of HER2 and E-Cadherin [86]. Other alternative activations in re-
sistant gastric cancer include another downstream effector of HER2, FGF3, and RAS/PI3K,
and MAPK/ERK signaling pathways, mainly through the activation of other members of
the ERBB family, such as EGFR or HER3. In another experimental model, simultaneous
inhibition of these three receptors potentially overcame trastuzumab resistance [87]. The
activation of the PI3K pathway also upregulates the factor known as metastasis-associated
in colon cancer 1 (MACC1), which promotes the Warburg effect in cancer cells, resulting in
a poor prognosis [88]. A clinical trial that investigated the utility of ctDNA for the detection
of biomarkers of resistance to trastuzumab therapy was conducted on 39 patients with
advanced gastric cancer. The authors showed a consistent correlation of clonal mutations
between tumor and peripheral blood samples, identifying 32 mutations potentially related
to trastuzumab resistance, and defined another valuable biomarker to monitor response to
chemotherapy, the molecular Tumor Burden Index (mTBI), as an independent prognostic
factor for progression-free survival [89]. The concept of serial plasma sampling for response
monitoring has been proven by Wang et al. CtDNA reliably predicted antitumor response
or tumor growth in 24 trastuzumab-treated patients. By tracking HER2 copy numbers’
changes, the leading mechanism of primary or acquired resistance could be differentiated
(in the case of acquired resistance, HER2 copy numbers decreased during progression,
compared to baseline) [90].

3.2. Liquid Biopsy in Response Monitoring or Detection of Resistance Mechanisms to Immunotherapy

Immunotherapy treatment of gastric cancer has shown promising activity and recently
demonstrated improved survival in selected patients with metastatic disease. In the first-
line setting, the use of the anti-PD1 pembrolizumab was shown to be non-inferior to the
platinum-based chemotherapy in patients with HER2-negative, PD-L1 positive tumors
(i.e., Combined Positive Score [CPS] equal or higher than 1, intended as the PD-L1 positive
fraction of tumor and/or immune-cell), in the KEYNOTE-062 trial [91]. Such an effect
seemed driven by the subset of patients with highly immune-sensitive tumors for the
presence of DNA microsatellite instability (MSI). The CheckMate 649 study has tested the
combination of the anti-PD1 nivolumab and chemotherapy and demonstrated a consistent
benefit in the patients with CPS > 5%, establishing a role in the first-line setting [92].

Among patients failing on first-line therapy, the use of the anti-PD1 pembrolizumab
also showed to be superior to paclitaxel (CPS ≥ 1 subset) for the OS in the KEYNOTE-061
trial [25]. However, the PD-L1 expression in gastric cancer has not been demonstrated to be
a reproducible or univocal marker, and many concerns have been reported in confirming a
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predictive role of the PD-L1 CPS in selecting patients for immunotherapy [93,94]. Therefore,
identifying predictive biomarkers for cancer immunotherapy is highly desirable, including
less invasive diagnostic procedures and dynamic monitoring assays. The informative
potential of the ctDNA in gastric tumors has been proposed for the upfront selection of
patients or disease-course monitoring, either for qualitative (e.g., molecular typization) and
quantitative (e.g., ctDNA change) measurements [95]. This concept is relatively new and
only recently implemented in clinical research.

An emerging biomarker for tumor-agnostic utilization is the tumor mutational burden
(TMB) [96]. TMB has been identified as a marker of improved survival in patients with
gastric cancer receiving immune-checkpoint inhibitors [97,98].

While tissue-assessed TMB has been broadly implemented in clinical practice and
research, blood-based assays (bTMB) are technically more challenging, representing an
essential barrier for their validation and clinical uptake [99]. In addition, the predictive
role of TMB seems partially overlapping and less significant than microsatellite instability
(MSI), positivity to Epstein–Barr virus (EBV), and PD-L1 CPS [100]. These three markers
are established prognostic and predictive indicators in gastric cancer [26,101–103]. First,
the initial attempts to test circulating cancer cells for PD-L1 expression revealed challenges
to differentiate them from macrophages, which might express this biomarker and be misin-
terpreted. Accordingly, the patient selection based on non-tissue PD-L1 assessments seems
not ready for clinical utilization and requires technology improvements [104]. Exosomal
PD-L1 in metastatic gastric cancer has been discovered to be an independent predictor
for OS and was negatively correlated with CD4+ or CD8+ T-cell count and granzyme B
levels [105,106]. Ishiba et al. examined the possibility of detecting ctRNA in the blood of
760 patients with solid tumors, including 44 cases of gastric cancer. Their study showed
that it is possible to determine the mRNA of the PD-L1 gene, and quantification of PD-L1
gene expression is feasible. The authors suggest that ctRNA isolated from blood may be
a potential alternative to tissue PD-L1 assay [107]. Second, applications of liquid biopsy
have also been reported across several tumor types to evaluate the status of the microsatel-
lites [108]. The ctDNA sequencing technologies have demonstrated a good concordance
with the tissue-MSI assessment: 99.5% (95% CI, 98.7–99.8) and 87% (95% CI, 77–93) for
low- and high-MSI, respectively [109]. Third, for the EBV status ascertainment via liquid
biopsy, the evidence is less robust. Viral ctDNA can be detected in patients with EBV-
positive gastric cancer by quantitative real-time polymerase chain reaction (PCR), with
reasonable specificity (97%) and modest sensitivity (71%)—and mostly in patients with
larger primary tumors [110]. Essentially, PCR assay detects EBV viremia in the context
of EBV infection and gastric cancer, but this is not always the case for EBV-immortalized
cancer cells. However, the demonstration of latent EBV in ctDNA from cancer cells is more
challenging, as these cells are commonly apoptotic or necrotic, and the EBV cannot be
consistently demonstrated, often not preserved and destroyed [111]. However, methylation
genome markers that are recurrently present in EBV-positive tumors have been identified
as surrogate indicators of EBV and may help predict the immune response [112].

Recently, the first analysis of the phase II clinical INSPIRE trial (NCT02644369; drug:
pembrolizumab) has been provided. This study assesses changes between genomic and im-
mune biomarkers with tissue- and liquid biopsy-based assays at baseline, during treatment
and at progression. In the first analysis, the investigators identified tumor-specific muta-
tions at baseline from tissue and developed a tumor-informed personalized ctDNA assay
for the on-treatment monitoring [113]. The investigators confirmed a baseline prognostic
significance of the ctDNA with immunotherapy, as reported in other studies, including
gastric cancer cohorts [114,115]. More interestingly, the study demonstrated an informative
role of the ctDNA changes to discriminate between actual disease progression and radiolog-
ical pseudo-progression: when ctDNA was rising, patients were unlikely to derive a benefit
from immunotherapy and, vice versa, ctDNA decline was associated with a shrinkage
of the actual tumor burden [113]. This observation seems to suggest the role of liquid
biopsy to confirm the disease progression and initiate immediate treatment changes in
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patients more unlikely to derive a clinical benefit [116]. Interestingly, ctDNA clearance
was associated with sustained and durable responses to pembrolizumab, although this
occurred in only a subset of patients. The radiographic response was also preceded by
ctDNA clearance. Although Bratman et al. provided the first evidence for the clinical utility
of ctDNA in patients receiving immunotherapy, unfortunately, it is not clear whether the
study has included gastric cancer patients [113].

4. Ongoing Clinical Trials Using Liquid Biopsy Approaches for Gastric Cancer

Although the impact of liquid biopsy in gastric cancer is thought to be immature,
significant progress is ongoing in almost all areas of gastric cancer (Table 1). The Dan-
ish CURE study is a continuous prospective cohort (NCT04576858) designed to examine
the relevance of ctDNA determination in the plasma of patients with gastroesophageal
cancer in different clinical cohorts: (1) Scheduled for surgical resection and periopera-
tive chemotherapy; (2) Neoadjuvant chemoradiotherapy followed by surgical resection;
(3) Definitive chemoradiotherapy with curative intent; (4) Systemic treatment to extend
the patient’s life; and (5) Palliative treatment without the use of chemotherapy. A Chinese
prospective cohort study (NCT04000425) uses serial sampling to evaluate the clinical use of
ctDNA as a potential indicator of minimal residual disease (MRD) after radical gastrectomy.
One primary endpoint of the trial is ctDNA clearance among patients with positive postop-
erative ctDNA; in these patient segments, the clearance of ctDNA could reflect a response
to adjuvant chemotherapy. The other primary endpoint of the trial would validate the
use of ctDNA for the detection of recurrent disease, measuring the time between the first
ctDNA positivity and the occurrence of clinically detectable disease recurrence.

Several clinical studies from China investigate whether serial ctDNA mutation profil-
ing may support the early diagnosis of the disease (NCT04665687) or predict recurrence in
the postoperative setting (NCT02887612). Since the KEYNOTE-012 study investigated the
efficacy of pembrolizumab in patients with advanced PD-L1 positive gastric cancer, a study
is being performed to predict the efficacy of ctDNA for the immune-checkpoint blockade in
advanced gastric cancer (NCT04053725). Three phase II trials are in progress, including one
study investigating adjuvant doublet pembrolizumab and trastuzumab versus trastuzumab
alone in patients with HER2+ esophagogastric cancer with persistent ctDNA following
curative surgery (NCT04510285). Moreover, another phase II trial will explore the clinical
value of dynamic detection of circulating tumor cells (CTCs), ctDNA, and cell-free DNA
(cfDNA) in neoadjuvant chemotherapy and surgery for resectable or locally advanced
gastric or gastroesophageal junction cancer settings (NCT03957564). Promisingly, GAS-
THER2 is another phase II trial evaluating the efficacy of adding trastuzumab to standard
chemotherapy in patients with advanced HER2-negative gastric cancer and HER2-positive
expression in CTCs (NCT04168931). The role of ctDNA and CTCs as a biomarker for
cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy and
systemic chemotherapy in gastric cancer with regional peritoneal metastasis is also being
investigated in a multicenter and single-arm and phase III study (NCT03023436).
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Table 1. Ongoing clinical trials using liquid biopsy approaches for gastric cancer.

Study Setting Study Type (NCT
Number and Trial Name)

Liquid
Biopsy

Approach
Estimated Enrollment Primary Objectives Estimated Primary

Completion Date 1

Early stage Prospective cohort
(NCT04665687) ctDNA 1730

To differentiate early gastric cancer and precancerous
adenoma and predict recurrence by finding biomarkers through

molecular profiling
December 2022

Neoadjuvant Phase II (NCT03957564) ctDNA, CTCs, and cfDNA 40

To evaluate CTC numbers/types, ctDNA mutation rate, cfDNA
concentration and tumor response to neoadjuvant chemotherapy

and surgery for resectable or locally
advanced gastric or gastro-esophageal junction cancer

patients

May 2024

Adjuvant Phase II trial
(NCT04510285) ctDNA 48

To evaluate differences in 6-month ctDNA clearance rate in
HER2+ esophagogastric cancer with persistent ctDNA
following curative surgery when treated with “second

adjuvant” trastuzumab with or without pembrolizumab

August 2022

Adjuvant and
recurrence
detection

Prospective cohort
(NCT04000425) ctDNA 55

To evaluate the role of ctDNA clearance during adjuvant
chemotherapy (among patients with detectable ctDNA), and to
define risk of recurrence in patients with newly detected positive

ctDNA after radical gastrectomy

May 2021

Recurrence
detection

Prospective cohort
(NCT02887612) ctDNA 200

To evaluate the positive predictive value of serum ctDNA
positivity in the prediction of relapse after surgery in early and

intermediate stage gastric cancer
June 2020

Advanced Phase III trial
(NCT03023436) ctDNA and CTCs 220

To assess of ctDNA and CTC alterations as potential
biomarkers for debulking surgery combined with

hyperthermic intraperitoneal chemotherapy and systemic
chemotherapy in patients with gastric cancer and peritoneal

dissemination (as a secondary outcome measure)

June 2022

Advanced Phase II (NCT04168931
GASTHER2) CTCs 85

To investigate whether HER2-expressing CTCs may be
suitable for prediction of response in patients with relapsed or

metastatic gastric cancer who are histologically
HER2-negative and treated with trastuzumab combination

chemotherapy

January 2025

Advanced Prospective cohort
(NCT04053725) ctDNA 200

To investigate the predictive dynamics of ctDNA
mutation changes during immune-checkpoint blockade of

gastric cancer patients
November 2021

All settings (from
neoadjuvant to advanced)

Prospective cohort
(NCT04576858 CURE) ctDNA 1950 Prediction of prognosis and therapy response July 2025

1 per Clinicaltrials.gov. (Accessed 24 March 2021).

Clinicaltrials.gov
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5. Discussion

There is a clear need for novel non-invasive diagnostic methods in both non-metastatic
and metastatic gastric cancer settings, which may also capture tumor heterogeneity [117–120].
A real challenge in the early detection of gastric cancer is that its diagnosis requires an
invasive procedure, and most patients are asymptomatic at an early stage [121]. Liquid
biopsy may play a prominent role in early diagnosis in the future. Two studies show that
elevated postoperative cfDNA may be associated with a higher risk of recurrence [42,43].
Several reports have described that ctDNA may be used as a marker of MRD and may
influence the choice of adjuvant chemotherapy, and may allow personalized monitoring
of progression [45–47]. A strong relationship between the detectability of CTCs and a
substantial inferior effect on the patients’ overall survival in all stages has been reported
in the literature. CTCs may also help identify high-risk patients by detecting minimal
residual disease (MRD) may provide an option for risk stratifying and identifying the
patients at the highest risk of recurrence [53,122]. In summary, in the nonmetastatic setting,
several data show that liquid biopsy may provide valuable biomarkers to diagnose cancer
early, estimate tumor volume, determine the completeness of the tumor resection and
prognosis. Identification and detailed analysis of cancer-derived exosomes may be useful
in identifying tumor-preferred metastatic sites, outlining the potential for a more active,
organ-focused follow-up. Accurate knowledge of exosomal data transfer may open new
perspectives in tumor diagnosis, monitoring of therapy, and non-invasive follow-up of the
patient and may hold new therapeutic options in the future.

In the metastatic setting, the levels of cfDNA show a positive correlation with tumor
burden [41]. There is evidence that detectable CTM in the blood among metastatic patients
was an independent prognostic factor for shorter overall survival [58]. Gastric cancer-
derived exosomal microRNAs and clonal mutations or CNVs detectable in ctDNA may
contribute resistance to chemotherapy or HER2 inhibition, respectively [76–78,89,90,123].
Although there are limitations to CTC-based PD-L1 verification, there are other ways to
determine PD-L1: from exosomal PD-L1 or to detect and quantify PD-L1 mRNA from
ctRNA [104,105,107]. Data are conflicting and limited around cfDNA-based EBV detection
and epigenomic applications [110,111]. If gastric cancer patients were also included in the
phase II INSPIRE clinical trial, an analysis of the study may provide valuable information
on tumor-based, personalized monitoring of the disease by ctDNA. Monitoring of cfDNA
provided valuable information to differentiate between actual disease progression and
radiological pseudo-progression, thus opening a window for immediate treatment changes
in non-responders [113,116].

Most ongoing clinical trials address the pre- and post- surgical interval; two trials
focus on the metastatic setting. The phase II GASTHER2 NCT04168931 trial examines
the HER2 status of CTCs as a predictor of response to standard therapy combined with
trastuzumab. The NCT04053725 trial investigates the predictive dynamics of serial ctDNA
sampling during the immune-checkpoint blockade.

6. Conclusions

Recent revolutionary advancements in technology and the incorporation of genetic
tumor characterization have significantly improved the possibilities of forecasting the
prognosis of patients with metastatic gastric cancer, but the future holds even more excite-
ment. Integrating broad tumor genomic characterization, dynamic monitoring of responses
by the techniques of liquid biopsy will allow the implementation of adaptive, real-time
treatment modifications in precision oncology. Clinical validation and standardization of
novel liquid biopsy procedures are also necessary before being widely used in everyday
practice. Although initial experiments analyzing liquid biopsies look very promising in
patients with advanced gastric cancer, more prospective studies are needed to understand
the molecular mechanisms behind resistance to targeted therapies. Applications of liquid
biopsy to select and monitor patients receiving immunotherapy seem promising for iden-
tifying established and innovative qualitative–quantitative biomarkers in the ‘circulome’
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and prompt treatment change in the primary- and secondary-resistant tumors. It seems
that if the liquid biopsy and the immunotherapy revolution in cancer treatment eventually
meet, they can facilitate patient compliance and improve overall outcomes.
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