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Liquid biopsy has emerged as a minimally invasive tool that is capable of detecting genomic alterations from primary or
metastatic tumors, allowing the prognostic stratification of patients, the detection of the minimal residual disease after
surgical or systemic treatments, the monitoring of therapeutic response, and the development of resistance, establishing
an opportunity for early intervention before imaging detection or worsening of clinical symptoms. On the other hand,
preclinical and clinical evidence demonstrated the role of gut microbiota dysbiosis in promoting inflammatory responses
and cancer initiation. Altered gut microbiota is associated with resistance to chemo drugs and immune checkpoint
inhibitors, whereas the use of microbe-targeted therapies including antibiotics, pre-probiotics, and fecal microbiota
transplantation can restore response to anticancer drugs, promote immune response, and therefore support current
treatment strategies in colorectal cancer (CRC).
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| 1. Introduction

Colorectal cancer (CRC) is the third leading cause of cancer-related death and morbidity worldwide according to the
global cancer statistics (GLOBOCAN) presented in 2018. The 5-year survival rate ranges from 90% to 14% if CRC is
diagnosed at a localized or metastatic stage, respectively, and approximately 25% of CRC patients present metastatic
disease at diagnosis, while almost half of them will develop metastases 1.

If early diagnosis and treatment of CRC can significantly improve the cure rate, traditional biomarkers (Carcino Embryonic
Antigen (CEA), Carbohydrate Antigen 19-9 (CA19-9), Fecal Occult Blood Test (FOBT)) as well as colon/sigmoidoscopy do
not fully satisfy clinical needs in CRC screening due to their lack in sensitivity and specificity 2. Furthermore, primary
tumor resection is eventually associated to adjuvant chemotherapy with fluoropyrimidines with or without oxaliplatin
according to TNM stage and pathological risk factors in early CRC [, does not always seem sufficient to eliminate
circulating tumor cells (CTCs) and other components involved in establishing pre-metastatic niche-promoting immune
evasion and maintenance of stemness 4!,

Circulating tumor DNA (ctbNA) and RNAs and non-coding RNAs (ncRNAs) released into the bloodstream via
microvescicles or tumor cell lysis represent, together with CTCs, different sides of the same coin: liquid biopsy. Liquid
biopsy has emerged as a promising minimally invasive tool for precision medicine due to its ability to provide multiple
global snapshots of primary and metastatic tumors at different times and more representative images of the spatial and
temporal tumor heterogeneity B! compared to tissue biopsy. In fact, even though tissue biopsy remains the gold standard
for the histopatological definition and the molecular stratification of tumors, it is often difficult to perform, especially in
relapsed and metastatic settings, and it does not support intratumoral heterogeneity and clonal evolutions related to driver
mutations, which may occur during tumor development or treatment.

Among other elements potentially involved in cancer initiation, development, recurrence, and metastasis, one that only
recently received its due attention is the host microbiota—and for CRC, especially the gut microbiota. The host microbiota
is composed of bacteria (=99%), viruses, and mycetes, existing in a condition of eubosis with the human body conferring
important benefits related to physical and mental health, and the development of the individual . In turn, this dynamic
balance is affected by host genetics, lifestyle [, and dietary habits 8! and gut microbiota dysbiosis may play a role in
promoting inflammatory responses and alterations of the immunosurveillance, which can led to cancer initiation and/or
progression & (Figure 1).



Figure 1. Potential clinical applications related to liquid biopsy and gut microbiota in colorectal cancer. Circulating tumor
cells (CTCs), circulating tumor DNA (ctDNA), non-coding RNA (ncRNA), and exosomes are promising liquid biopsy
markers for colorectal cancer with multiple potential advantages compared to tissue biopsy. CTCs from colorectal cancer
(CRC) can be shed from the primary tumor into the bloodstream, which also contains ctDNA released from tumor tissue
through apoptosis, necrosis, and secretion, as well as circulating normal DNA released from healthy tissue. NCRNAs
(miRNAs and IncRNAs) encapsulated by exosomes can be actively secreted into the extracellular fluid by various types of
cells in the tumor or passively released due to the apoptosis and necrosis of tumor cells and can eventually be found in
the circulation. Besides liquid biopsy, several potential clinical applications for harnessing the gut microbiota in CRC
include development of screening, prognostic and predictive biomarkers, and microbiota modulation for CRC prevention
and treatment. FMT, fecal microbiota transplantation.

| 2. Liquid Biopsy

The term liquid biopsy refers to procedures of isolation of cancer-derived components such as CTCs, exosomes, CtDNA,
ncRNAs, and proteins from peripheral blood or other body fluids, and their genomic or proteomic evaluation 19,
Assessment of such elements via non-invasive and low-risk blood-based detection tests could improve CRC screening,
diagnosis, staging, and predict relapse and metastasis 1112 and be effective in monitoring residual disease and drug
resistance in CRC patients receiving systemic treatment 131141,

2.1. Circulating Tumor Cells (CTCs)

CTCs are tumor cells released into the bloodstream from the primary tumor or metastases 12, which could escape from
immune recognition and drug treatment, and subsequently form a niche in other tissues, promoting tumor recurrence and
metastasis L€,

2.2. Circulating Tumor DNA (ctDNA)

Circulating tumor DNA (CtDNA) is a kind of double-stranded DNA, a fragment of cell-free DNA (cfDNA), that originates
from active, apoptotic, necrotic, or circulating tumor cells. CtDNA retains epigenetic characteristics and harbors tumor-
specific mutations detectable in the bloodstream and other body fluids 1937, |mportantly, ctDNA half-life varies from
several minutes to a few hours, and as for CTCs, its plasma levels depend on tumor load, ranging from 50% to 90% in
non-metastatic and metastatic cancer patients, respectively MILAIEIL9 Fyrthermore, healthy people and cancer patients
can be distinguished according to the fragment length distribution pattern of cfDNA 4. These data suggest that ctDNA
analysis may represent a real-time tumor burden assessment.

2.3. MicroRNAs (miRNAs) and Long Non-Coding RNAs (IncRNAs)

MicroRNAs (miRNAs) and long non-coding RNAs (IncRNAs) are ncRNAs molecules involved in the regulation of protein-
coding gene expression through mRNA degradation and silencing or activating and repressing genes via a variety of
mechanisms at both transcriptional and translational levels. Both classes of ncRNAs regulate multiple cellular processes
such as growth, development, and differentiation showing to be crucial for cancer initiation, progression, and
dissemination and can be found in serum or other body fluids bound to protein or lipid complexes, or more frequently
inside extracellular vescicles (i.e., exosomes) 29, Furthermore, these elements seem to be strongly associated with the
development of drug resistance in CRC [2U[22][23]24] For these reasons, miRNA and IncRNAs could have potential
application in diagnosis, prognosis, and treatment of CRC.



| 3. Microbiota

The study of microbiota started several years ago, and multiple definitions have been conceived to explain its meaning
(23] |n general, the terms “microbiota” and “microbiome” refer to the complex of organisms found within a specific
environment and their genomic pool, respectively 28127 Thus, the human gut microbiota consists of a multitude of
microorganisms colonizing the gut and existing in that complex state of dynamic equilibrium (i.e., eubiosis), which is made
of reciprocal interactions and multiple networks between themselves and the host cells. This is an equilibrium with specific
spatial and temporal characteristics, whose deregulation might lead to dysbiosis (28],

The human gut microbiota—with its thousands of different bacterial taxa, eucaryotic microbes, and virus together with the
intestinal barrier—is a very selective and important filter for the well-being of the whole organism, and as a
neuroendocrine structure today considered as a “second brain”, it is a component of the complex gut ecosystem 28129
The gastrointestinal microbiota varies according to the anatomical location and among individuals 1, and it plays
different roles, from the supply of nutrients to the control of inflammation and carcinogenesis 281, Commensal bacteria
instruct the immune and physiological systems throughout life and are responsible for the presence of inflammatory and
immune cells in the healthy intestine: the so-called “physiological” or “controlled” inflammation B9, For this purpose,
numerous evidence has demonstrated that a direct relationship between modification in the gut microbiota composition
and some pathologies exist BHBE2 Among these diseases, obesity and metabolic alterations induced by some nutrients
and diet, or autoimmune diseases such as type 1 diabetes and inflammatory bowel disease, are characterized by
changes in the microbiome and gut dysbiosis 23],
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