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Abstract

Colorectal cancer (CRC) remains a major global health burden, and early detection through
population-based screening programs significantly reduces both incidence and mortality.
Although gut microbiome-based biomarkers have emerged as promising non-invasive tools
for CRC detection, limited evidence is available regarding patient acceptance and com-
pliance with microbiome-based screening studies, factors that may influence their future
implementation in clinical practice. We conducted a preliminary analysis of an ongoing
multicenter, prospective observational study designed to develop a gut microbiome-based
diagnostic tool for CRC and advanced colorectal adenomas in fecal immunochemical
test (FIT)-positive individuals. The primary objective of this preliminary analysis was
to evaluate patient acceptance and compliance with participation in a microbiome-based
study within an organized CRC screening setting. Secondary objectives included describ-
ing the clinical, endoscopic, and histopathological characteristics of the enrolled cohort.
FIT-positive individuals referred for screening colonoscopy at participating Italian cen-
ters were screened for eligibility, underwent colonoscopy, and were invited to provide a
stool sample for microbiome analysis. A total of 315 individuals were screened, of whom
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212 (67%) were enrolled. Among eligible patients, 90% agreed to enroll after receiving
study information. Overall, 200 (94%) of enrolled individuals completed the required study
activities, including stool sample collection and colonoscopy, indicating high compliance
with study procedures. Colonoscopy was performed in 209 patients (99% of enrolled
patients). CRC was detected in 7 patients (3%), and advanced colorectal adenomas in
39 (18%), while 86 (41%) colonoscopies were negative. The positive predictive value of
FIT was 3.35% for CRC and 18.66% for advanced adenomas. In our preliminary analysis,
patient acceptance and compliance with microbiome-based sampling were high among
FIT-positive individuals undergoing CRC screening. These findings support the feasibility
of conducting microbiome-based studies within organized screening programs. Analyses
aimed at developing and validating the microbiome-based diagnostic tool are currently
ongoing and are beyond the scope of the present report.

Keywords: colorectal cancer; screening; colonoscopy; gut microbiota; microbial biomarkers

1. Introduction
Colorectal cancer (CRC) represents one of the most common malignancies globally: it

occupies the third position in global cancer incidence and is the second leading cause of
cancer-related death [1]. In addition to its clinical implications, CRC exerts a considerable
economic impact on healthcare systems, owing to the cumulative costs of hospitalization,
therapeutic interventions, surgical procedures, and palliative management [2].

The etiologic landscape of CRC encompasses both immutable and potentially modifi-
able determinants [3]. Non-modifiable contributors include male sex, older age, genetic
susceptibility and certain pre-existing medical conditions. In contrast, lifestyle behav-
iors and dietary habits constitute major modifiable contributors and play a key role in
colorectal carcinogenesis [4].

Extensive research over the past dees has established a key role for the gut microbiome
in CRC development and progression [4,5]. CRC patients consistently show dysbiosis,
marked by the overgrowth of pro-tumorigenic taxa such as Fusobacterium nucleatum and
Parvimonas micra, which promote inflammatory or genotoxic environments, alongside
a reduction in protective, short chain fatty acid producing bacteria [6]. More recently,
increasing evidence has suggested that not all Fusobacterium nucleatum strains exhibit the
same biological behavior: distinct subspecies and phylogenetic lineages appear to differ
in their capacity to colonize colorectal tumors, promote carcinogenesis, and influence
disease progression [7].

Population-based screening for average-risk individuals effectively decreases CRC
incidence and mortality by enabling early detection [8]. The primary objective is the identifi-
cation and removal of colorectal adenomas and sessile serrated lesions, thereby preventing
malignant progression. An optimal screening test should achieve high diagnostic accuracy
while remaining non-invasive, safe, feasible, and affordable [8].

CRC screening options include invasive and non-invasive methods, each with distinct
advantages and limitations. While colonoscopy and flexible sigmoidoscopy allow direct
lesion removal and histological assessment, their cost, invasiveness, and resource demands
limit widespread use [9]. Non-invasive tests such as FIT are more accessible but have
reduced sensitivity for advanced neoplasia and still require confirmatory colonoscopy after
a positive result [8,9].

In Italy, organized CRC screening programs are based on a biennial FIT offered
to average-risk individuals aged 50–69 years, with several regions extending the target
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age up to 74 years. Individuals with a positive FIT result are referred for diagnostic
colonoscopy, which remains the reference standard for the detection of CRC and advanced
colorectal adenomas. This two-step approach aims to balance screening effectiveness,
patient acceptability, and healthcare resource utilization [10,11].

Despite its established role, FIT is intrinsically based on the detection of occult bleed-
ing, a phenomenon that generally occurs relatively late during colorectal carcinogenesis.
Consequently, lesions that bleed intermittently or minimally, particularly advanced ade-
nomas, may remain undetected. This limitation has stimulated extensive research into
complementary biomarkers capable of identifying biological alterations associated with
neoplastic transformation before the onset of clinically detectable bleeding [12,13].

Among non-invasive screening approaches, microbiome-based diagnostic tools have
gained increasing prominence in recent years. Advances in sequencing technologies have
identified microbial signatures that distinguish CRC from healthy individuals [4], as well
as the development of machine-learning models integrating fecal microbiome profiles to
improve diagnostic accuracy across different populations [14,15]. Recent studies have
demonstrated that these approaches can achieve promising diagnostic performance while
maintaining good discrimination in independent validation cohorts, supporting their
potential as complementary tools to current FIT-based screening strategies. These advances
have also led to the development of targeted microbial assays, such as the qPCR-based
4Bac panel for detecting CRC and advanced colorectal adenomas [16].

Although international guidelines acknowledge the potential of microbiome-derived
biomarkers for CRC detection, they also emphasize that current evidence remains insuffi-
cient to support their routine implementation in screening programs because of limited
methodological standardization, restricted assay availability, substantial inter-individual
variability, and the need for multicenter external validation and demonstration of clinical
utility [17]. Harmonization of sample collection procedures, sequencing methodologies,
and bioinformatic pipelines has therefore been identified as a key prerequisite for ensuring
reproducibility and facilitating the future clinical implementation of microbiome-based
diagnostic strategies [17].

A pivotal determinant of successful CRC screening is represented by patient’s auton-
omy of choice [18–20]. Contemporary guidelines explicitly endorse offering a spectrum of
screening modalities, underscoring that the decision should be shaped by patient prefer-
ences rather than clinician-driven selection [18–20]. International recommendations urge
healthcare providers to actively support individualized choice when discussing screening
options [21]. A substantial body of evidence shows that empowering individuals to choose,
or at least to receive a sequential offer of different tests, significantly enhances participation:
these findings highlight that respecting patient choice is not merely an ethical imperative
but a practical strategy to improve screening uptake [22].

Within this framework, a central challenge in implementing microbiome-based diag-
nostic and therapeutic tools concerns how both clinicians and patients perceive and engage
with these emerging approaches. Current evidence shows that, although clinicians express
strong interest in microbiome applications, their expertise and confidence in interpreting
microbiome-derived data remain limited [23,24]. On the other hand, patients tend to be
highly receptive to microbiome-based interventions, yet both groups require structured
education and clear, evidence-based frameworks to ensure safe and appropriate clinical
adoption [23,24]. Studies assessing attitudes toward microbiome-based tools highlight this
dual dynamic. Surveys show that patients generally view microbiome research positively
and are willing to provide stool samples—often for altruistic reasons—though practical
issues such as home sample storage may hinder participation. Clear explanations of proce-
dures have been shown to markedly improve acceptance and compliance [25]. Clinicians,
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by contrast, often lack adequate training to interpret microbiome data, and expert consensus
repeatedly emphasizes the need for targeted educational initiatives to enable appropriate
clinical use [23].

Building on this foundation, we designed a multicenter, prospective observational
study involving patients in the national CRC screening program, aimed at developing
a non-invasive, straightforward, interpretable gut microbiome-based diagnostic tool for
identifying CRC and advanced colorectal adenomas. The parent study seeks to improve
risk stratification among FIT-positive individuals and ultimately enhance the performance
of currently available non-invasive CRC screening strategies, optimizing colonoscopy
referral pathways. The microbiome analyses required for the development and validation
of the diagnostic model are still ongoing and are not the subject of the present report. At
the same time, despite the growing interest in microbiome-based approaches for CRC
detection, limited evidence is available regarding patient willingness to participate in
microbiome-based studies and to comply with stool collection procedures required for
microbiome analyses. Therefore, this preliminary analysis was specifically designed to
investigate patient acceptance and compliance with participation in a microbiome-based
study, as well as the broader willingness of individuals undergoing CRC screening to
engage with diagnostic approaches based on gut microbiota profiling. Understanding these
aspects is essential for the future implementation of microbiome-based screening strategies,
regardless of their diagnostic performance.

2. Materials and Methods
2.1. Study Design and Population

The present study describes the preliminary data from an observational prospective
multicenter study aimed at developing a gut microbiome-based diagnostic tool to improve
the detection of CRC and advanced colorectal adenomas (PNRR-POC-2023-12377319). The
planned study duration is 24 months, and the present manuscript reports a preliminary
analysis of data collected during the ongoing study. Microbiome sequencing analyses,
biomarker identification, and the development and validation of the diagnostic model
will be performed after completion of patient recruitment and are beyond the scope of the
present report.

The primary objectives of this preliminary analysis were to evaluate patient acceptance
of participation in the study and compliance with the required study procedures, thereby
assessing the feasibility of conducting microbiome-based research within an organized
CRC screening program. Secondary objectives included describing the reasons for non-
enrollment together with the demographic, clinical, endoscopic, and histopathological
characteristics of the enrolled cohort. These data were collected to provide a comprehensive
characterization of the study population and to establish the clinical framework for the
subsequent development and validation of microbiome-based diagnostic models planned
in the parent study.

Participants were selected among FIT-positive individuals participating in the Italian
national colorectal cancer screening program and referred for screening colonoscopy at
the participating study centers: Fondazione Policlinico Universitario Agostino Gemelli
IRCCS (Rome), Fondazione Poliambulanza Istituto Ospedaliero (Brescia), and Fondazione
IRCCS Casa Sollievo della Sofferenza (San Giovanni Rotondo). To be eligible for enrollment,
patients were required to meet the following criteria: age 50–74 years, a positive FIT result
and the ability to provide written informed consent. Exclusion criteria included inability to
undergo colonoscopy, a current diagnosis of another malignancy, the presence of severe
comorbidities or organic gastrointestinal diseases (e.g., diverticular disease, inflammatory
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bowel disease), and the use of antibiotics, probiotics, or proton pump inhibitors within
4 weeks before enrollment.

This study was reported in accordance with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement, and a completed STROBE checklist
is provided as Supplementary Materials. Informed consent was obtained from all subjects
involved in the study.

2.2. Study Procedures

The screening visit was conducted to assess eligibility criteria (inclusion and exclusion)
in FIT-positive individuals participating in the regional colorectal cancer screening program,
and to record the reasons for study exclusion. During the same visit, eligible participants
received detailed information regarding the study objectives, stool sample collection proce-
dures, and the subsequent study workflow before providing written informed consent.

At baseline, we collected the following demographic and clinical data in all enrolled
patients: personal and family history of CRC, comorbidities, current medications, and
the presence of gastrointestinal or alarm symptoms such as iron-deficiency anemia, hema-
tochezia, unexplained weight loss, abdominal pain, or recent changes in bowel habits.
Data on dietary patterns, smoking status, alcohol consumption, body mass index (BMI),
and any previous FIT or colonoscopy reports (including virtual colonoscopy) were also
collected. During the same visit, all enrolled participants received a standardized stool
collection kit containing a nucleic acid preservative (Prebiomics srl, Trento, Italy), together
with instructions describing the collection procedure.

Stool samples were collected before bowel preparation for colonoscopy without any
study-mandated dietary modifications or additional interventions. Samples were stored
at −80 ◦C at each participating center immediately after delivery and were subsequently
shipped on dry ice to the University of Trento, where DNA extraction and shotgun metage-
nomic sequencing will be performed. Sequencing quality control, bioinformatic analyses,
biomarker development, and validation procedures will be described in detail in future
reports focused specifically on microbiome-derived outcomes.

All enrolled participants subsequently underwent colonoscopy within four weeks
from enrollment according to routine clinical practice within the Italian organized CRC
screening program. Colonoscopies were performed with high-definition endoscopes by
expert endoscopists accredited for participation in the national screening program, with
>5000 total colonoscopies and at least 300 in the last year, in accordance with the accredi-
tation requirements of the national screening program. Histology of resected lesions was
assessed by experienced pathologists according to the WHO classification and the Vienna
criteria [26,27]. Advanced colorectal adenomas have been defined as adenomas larger than
or equal to 10 mm, and/or with villous components higher than or equal to 25%, and/or
high-grade dysplasia.

All demographic, clinical, endoscopic, histopathological, and study-related informa-
tion was prospectively entered into a dedicated electronic Case Report Form (eCRF) using
the REDCap platform (v14.0.10). The use of a shared electronic case report form and
standardized operating procedures across participating centers was intended to minimize
inter-center variability in patient assessment, biological sample collection, and clinical
data recording.

2.3. Statistical Analysis

Acceptance was defined as the willingness of eligible individuals to participate in
the study and was assessed by recording the proportion of eligible subjects who agreed
to enroll after receiving study information. Compliance was defined as adherence to the
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study procedures and was assessed by recording completion of the required study activities
within enrolled patients, including stool sample collection and colonoscopy.

Continuous variables were summarized as mean values, with corresponding measures
of dispersion reported where available, whereas categorical variables were summarized
as absolute frequencies and percentages. Reasons for non-enrollment, demographic char-
acteristics, clinical variables, endoscopic findings, and histopathological outcomes were
analyzed descriptively.

As an exploratory analysis, the positive predictive value (PPV) of FIT for CRC and
advanced colorectal adenomas was calculated using the total number of FIT-positive indi-
viduals who underwent colonoscopy within the study cohort as the denominator and the
number of subjects with the target lesion confirmed by colonoscopy and histopathology as
the numerator. Proportions were reported together with their corresponding 95% confi-
dence intervals (95% CIs), calculated using the exact binomial (Clopper–Pearson) method.

Given the preliminary nature of the present analysis and the absence of microbiome-
derived diagnostic results, no inferential statistical analyses or multivariable models
were performed.

3. Results
3.1. Study Population

Between 29 November 2024 and 1 December 2025, a total of 315 patients attended the
screening visit at the Digestive Endoscopy Unit of the Gemelli University Hospital (Rome),
Fondazione Poliambulanza Hospital (Brescia) and Casa Sollievo della Sofferenza Hospital
(San Giovanni Rotondo). Of them, 212 (67%) were ultimately enrolled, while 103 (33%) were
not enrolled after the screening visit. Notably, 236 patients (75%) met all inclusion criteria
and did not present any exclusion criteria. Among this eligible subgroup, 24 (10%) declined
participation after receiving study information, resulting in an overall acceptance rate of
89.8% (95% CI 85.2–93.4%). Among enrolled patients, 200 (94%) successfully completed
stool sample collection for metagenomic analysis according to the study protocol. A total of
12 protocol deviations (drop-out) were recorded during follow-up, including 3 participants
who did not undergo the scheduled colonoscopy and 9 who underwent colonoscopy but
did not provide the stool sample required by the study protocol. Consequently, the vast
majority of enrolled participants successfully completed all study procedures according to
protocol, resulting in an overall compliance rate of 94.3% (200/212; 95% CI 90.3–97.0%). The
overall process of participant selection, enrollment, and completion of the study procedures
is summarized in the flow diagram shown in Figure 1. An overview of the reasons for
exclusion of screened patients is reported in Table 1.

Table 1. Reasons for non-enrollment. Percentages were calculated relative to the total number of
individuals who were not enrolled in the study (n = 103).

Reason for Exclusion Number of Patients (%)

Patient refusal 24 (23%)

Recent colonoscopy 10 (10%)

Inability to undergo colonoscopy 5 (5%)

Current diagnosis of another malignancy 7 (7%)

Presence of organic gastrointestinal diseases 12 (12%)

Use of antibiotics within the 4 weeks preceding enrollment. 21 (20%)

Use of probiotics within the 4 weeks preceding enrollment. 10 (10%)

Use of proton pump inhibitors within the 4 weeks preceding enrollment. 14 (13%)
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Figure 1. STROBE flow diagram of participant selection and study procedures.

3.2. Clinical Characteristics of the Study Population

Among enrolled patients, 97 (46%) were female, with a mean age of 59.3 ± 5.9 years
and a mean Charlson Comorbidity Index (CCI) of 1.75 ± 0.82. No enrolled patients
had a personal history of CRC, whereas 37 patients (18%) reported a family history of
the disease. Gastrointestinal or alarm symptoms were present in 69 individuals (32%),
including hematochezia in 26 patients (12%), abdominal pain in 23 (11%), iron-deficiency
anemia in 9 (4%), recent changes in bowel habits in 7 (3%), and unexplained weight loss
in 2 (1%). Lifestyle-related characteristics, including smoking habits, alcohol consumption,
dietary patterns, and body mass index, were also systematically recorded. Most participants
reported consuming fruit and vegetables at least once daily, whereas overweight or obesity
(BMI ≥ 25 kg/m2) was observed in 129 participants (61%). Smoking habits and alcohol
consumption showed a heterogeneous distribution across the study population.

A detailed overview of the demographic, clinical, and lifestyle characteristics of the
study population is provided in Table 2.

3.3. Endoscopic Features of the Study Population

Among enrolled participants, 209 (99%) underwent colonoscopy within four weeks of
receiving a positive FIT result. A total of 4 (2%) procedures were deemed non-diagnostic
due to inadequate bowel preparation (Boston Bowel Preparation Scale, BBPS < 5), whereas
adequate bowel cleansing (BBPS 6–9) was achieved in 205 patients (98%).
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Table 2. Enrolled population characteristics (CCI = Charlson comorbidity index; BMI = Body Mass
Index; CRC = colorectal cancer; SD standard deviation).

Demographic Characteristics

Female 97 (46%)

Age (mean ± SD) 59.3 ± 5.9 years

Personal history of CRC 0 (0%)

Family history of CRC 37 (18%)

CCI (mean ± SD) 1.75 ± 0.82

Alarm symptoms

Iron-deficiency anemia 9 (4%)

Hematochezia 26 (12%)

Unexplained weight loss 2 (1%)

Abdominal pain 23 (11%)

Recent changes in bowel habits 7 (3%)

Risk factors

Consumption of red meat

<1/week 18 (9%)

1/week 129 (61%)

2/week 35 (16%)

>2/week 30 (14%)

Consumption of fruit and vegetables

Less than once/day 1 (1%)

1/day 85 (40%)

2/day 78 (37%)

>2/day 47 (22%)

Smoking habit
Active 48 (23%)

Former 15 (7%)

Alcohol consumption

None 116 (55%)

Occasional 69 (32%)

Daily 27 (13%)

BMI

<18 1 (1%)

18–25 82 (39%)

25–30 85 (40%)

>30 44 (21%)

At the patient level, 86 (41%) colonoscopies were negative, with no significant le-
sions identified, while at least one colorectal lesion was detected in 123 participants
(59%). Seven (3.35%; 95% CI 1.4–6.8%) patients were diagnosed with CRC and 39 (18.66%;
95% CI 13.6–24.6%) with advanced colorectal adenoma. The remaining 77 (36.8%) partic-
ipants presented other lesions, including non-advanced adenomas, hyperplastic polyps,
serrated lesions, or other benign findings not fulfilling the criteria for CRC or advanced
colorectal adenoma.

At the lesion level, a total of 264 lesions were identified and histopathologically
characterized. Most lesions measured less than 10 mm (214 lesions, 81%), whereas 33 (13%),
12 (5%), and 5 (2%) measured >10 mm, >20 mm, and >30 mm, respectively. Lesions were
distributed throughout the colon, involving the right colon (92 lesions, 35%), transverse
colon (55 lesions, 21%), left colon (77 lesions, 29%), and rectum (40 lesions, 15%). According
to the WHO classification, the majority of lesions were adenomas (201/264, 76%), while
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39 (15%) were hyperplastic lesions and 24 (9%) were serrated lesions. According to the
Vienna classification, most lesions showed low-grade dysplasia (196/264, 74%), whereas
10 (4%) showed high-grade dysplasia and 7 (3%) were invasive carcinomas.

Detailed endoscopic and histopathological findings, including lesion size, location,
morphology, and corresponding tissue characteristics, are summarized in Table 3.

3.4. Association Between Colonoscopy Outcomes and FIT Results

In the study population, which comprised solely FIT-positive patients, the test showed
a positive predictive value of 3.35% (95% CI 1.4–6.8%) for CRC detection. Regarding ad-
vanced colorectal adenomas, the positive predictive value was 18.66% (95% CI 13.6–24.6%).

Table 3. Endoscopic and histopathological findings (BBPS = Boston Bowel Preparation
Scale; WHO = World Health Organization; LST-G = Laterally Spreading Tumor—Granular type;
LST-NG = Laterally Spreading Tumor—Non-Granular type; CRC = colorectal cancer; CAD = ad-
vanced colorectal adenoma). Other lesions include non-advanced adenomas, hyperplastic polyps,
serrated lesions, and other non-malignant findings not meeting the criteria for advanced colorectal
adenomas or CRC.

Endoscopic Outcomes
209 Patients/Colonoscopies

BBPS

<3 2 (1%)

3–5 2 (1%)

6–9 205 (98%)

Number of lesions (single colonoscopy)

0 86 (41.2%)

1–4 114 (54.5%)

>4 9 (4.3%)

Outcome

Negative 86 (41.1%)

CAD 39 (18.7%)

CRC 7 (3.3%)

Other lesions 77 (36.8%)

Histopathological findings
n = 264 lesions

Lesion size

<10 mm 214 (81.1%)

>10 mm 33 (12.5%)

>20 mm 12 (4.5%)

>30 mm 5 (1.9%)

Lesion location

Right 92 (34.8%)

Transverse 55 (20.8%)

Left 77 (29.2%)

Rectum 40 (15.2%)

Lesion morphology (Paris classification)

0-Is 174 (65.9%)

0-Ip 48 (18.2%)

0-Isp 0 (0%)

0-IIa 25 (9.5%)

0-IIb 11 (4.2%)

0-IIc 0 (0%)

0-III 3 (1.1%)

LST-G 3 (1.1%)

LST-NG 0 (0%)
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Table 3. Cont.

Histopathological findings

Tissue characteristics
(WHO classification)

Hyperplastic 39 (14.8%)

Adenoma 201 (76.1%)

Serrated 24 (9.1%)

Dysplasia
(Vienna classification)

No dysplasia 51 (19.3%)

Undefined 0 (0%)

Low grade 196 (74.2%)

High grade 10 (3.8%)

Invasive 7 (2.7%)

carcinoma

4. Discussion
Beyond diagnostic accuracy, the implementation of any novel screening strategy

depends on its acceptability by the target population and on the practical feasibility of
integrating it into existing healthcare pathways.

In the case of microbiome-based approaches, additional logistical steps—including
stool collection outside the hospital setting, sample preservation, transportation, and
processing—may represent potential barriers to patient participation. Concerns regarding
stool handling, storage, or the perceived complexity of sample collection could reduce
adherence if not adequately addressed. Therefore, demonstrating that these procedures
are well accepted by participants represents an essential prerequisite for the future clinical
evaluation of microbiome-derived biomarkers.

In this preliminary multicenter analysis of a prospective study conducted in a FIT-
positive population, we observed high levels of patient acceptance and compliance with
microbiome-based sampling, alongside endoscopic findings consistent with real-world
CRC screening data.

The proportion of patients declining participation was low (10%), further support-
ing the acceptability of this approach in a real-world setting. These findings indicate
that microbiome-based stool sampling is well accepted among FIT-positive individuals
participating in an organized CRC screening program.

Compliance with study procedures was high, with 94% of enrolled participants suc-
cessfully providing a sample. This observation is consistent with prior evidence indicating
that patients are generally receptive to microbiome-based strategies, particularly when
non-invasive and supported by clear instructions. Overall, our findings suggest that the
potential logistical challenges associated with stool collection for microbiome analyses
can be effectively managed within an organized screening program, supporting the prac-
tical feasibility of incorporating stool sample collection into microbiome-based research
protocols conducted in real-world clinical settings.

From a diagnostic standpoint, the positive predictive values observed for FIT (3.35%
for CRC and 18.66% for advanced colorectal adenomas) are in line with those reported
in population-based screening programs, confirming the representativeness and exter-
nal validity of our cohort. This observation supports the appropriateness of the study
population for the parent project, whose objective is the development and validation of
microbiome-derived biomarkers in a real-world FIT-positive screening setting.

This study has several strengths, including its multicenter design and its implemen-
tation within an organized population-based CRC screening program involving multiple
referral centers. This real-world setting allowed the evaluation of patient acceptance and
compliance under routine clinical conditions rather than in a highly selected research envi-
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ronment. Furthermore, the prospective collection of comprehensive clinical, endoscopic,
histopathological, and biological data provides a robust foundation for the subsequent
development, training, and validation of microbiome-based diagnostic models within the
parent study.

However, some limitations should be acknowledged. First, this is a preliminary analy-
sis, and the sample size may limit more detailed subgroup evaluations. In addition, the
study population consisted exclusively of FIT-positive individuals who had already agreed
to participate in an organized CRC screening program and were referred for colonoscopy.
Consequently, the observed acceptance and compliance rates may not be generalizable
to the broader screening population or to individuals offered microbiome-based testing
as a first-line screening strategy: participants enrolled in organized screening programs
may be inherently more motivated and health-conscious than the general population, po-
tentially leading to an overestimation of acceptance and adherence to study procedures.
Third, although high rates of stool sample collection support the feasibility of conducting
microbiome-based studies within organized screening programs, these findings alone do
not demonstrate the feasibility of integrating microbiome-based approaches into routine
clinical practice. Future implementation will also depend on diagnostic performance, re-
producibility, cost-effectiveness, standardization, and clinical utility. Finally, microbiome
sequencing analyses, biomarker identification, and diagnostic model development are
still ongoing. Therefore, no conclusions can currently be drawn regarding the diagnostic
accuracy or clinical performance of the proposed microbiome-based tool, which will be
evaluated and reported separately in the parent study.

5. Conclusions
In conclusion, microbiome-based sampling showed high acceptance and compliance

among FIT-positive individuals participating in an organized CRC screening program.
These findings indicate that the collection of stool samples for microbiome analyses can be
successfully integrated into the routine workflow of population-based screening programs,
representing an important prerequisite for the future clinical evaluation of microbiome-
derived biomarkers.

Although the diagnostic performance of the proposed microbiome-based tool remains
to be established after completion of the parent study, our findings suggest that patient
participation and adherence are unlikely to represent major barriers to its future implemen-
tation. Further analyses integrating microbiome sequencing data with the comprehensive
clinical, endoscopic, and histopathological information collected in this cohort will de-
termine whether microbiome-based biomarkers can meaningfully improve current CRC
screening strategies and optimize risk stratification among FIT-positive individuals.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/microorganisms14071564/s1, File S1: strobe checklist + consent.

Author Contributions: Conceptualization, G.I.; methodology, G.I.; investigation, S.V., T.S., R.M.,
S.P. (Serena Porcari), F.B., S.P. (Silvia Pecere), D.F., B.F., A.L., O.P., A.A., P.C., D.S., C.T. and G.P.;
writing—original draft preparation, A.S., D.R., S.V., P.B., E.M., A.L. and P.C.; writing—review and
editing, G.I., A.S. and D.R.; supervision, G.I., A.G., C.S. and N.S. All authors have read and agreed to
the published version of the manuscript.

Funding: This work was supported by the Italian Ministry of Health under the National Recovery and
Resilience Plan (PNRR), Mission 6 Component 2, Investment 2.1 ‘Enhancement and strengthening of
biomedical research of the National Health System’, funded by the European Union—Next Generation
EU, Project PNRR–POC–2023–12377319. S.Porcari. is supported by the My First AIRC Grant 2025
of the AIRC (project 32405). G.I. is also supported by the Next Gen Clinician Scientist 2024 of the

https://doi.org/10.3390/microorganisms14071564

https://www.mdpi.com/article/10.3390/microorganisms14071564/s1
https://www.mdpi.com/article/10.3390/microorganisms14071564/s1
https://doi.org/10.3390/microorganisms14071564


Microorganisms 2026, 14, 1564 12 of 13

AIRC (project 30203), by the Fondo Italiano per la Scienza of the Italian Ministry of Research (project
FIS00001711), by the European Research Council (project ERC-StG MicroRestore-101221279), by the
Joint Programming Initiative on Antimicrobial Resistance (JPIAMR, project DONATE ERP-2022-
23682517), and by the Seerave Foundation. The whole staff of the Fondazione Policlinico Gemelli
IRCCS thank the Fondazione Roma for the invaluable support to their scientific research and are
supported by the Ricerca Corrente 2026 of the Italian Ministry of Health. The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Lazio (CET Lazio area 3) (protocol code
6902_NI-GUILTI, date of approval 11 July 2024) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy and ethical restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Keum, N.; Giovannucci, E. Global burden of colorectal cancer: Emerging trends, risk factors and prevention strategies. Nat. Rev.

Gastroenterol. Hepatol. 2019, 16, 713–732. [CrossRef] [PubMed]
2. Klimeck, L.; Heisser, T.; Hoffmeister, M.; Brenner, H. Colorectal cancer: A health and economic problem. Best Pract. Res. Clin.

Gastroenterol. 2023, 66, 101839. [CrossRef] [PubMed]
3. Chan, A.T.; Giovannucci, E.L. Primary prevention of colorectal cancer. Gastroenterology 2010, 138, 2029–2043.e10. [CrossRef]

[PubMed]
4. Severino, A.; Marchitto, S.A.; Bisegna, P.; Porcari, S.; Rondinella, D.; Schepis, T.; Barbaro, F.; Pecere, S.; Maida, M.; Spada, C.; et al.

Measuring gut microbiome as a colorectal cancer screening tool: Potential and challenges. Expert Rev. Gastroenterol. Hepatol. 2025,
19, 1285–1298. [CrossRef] [PubMed]

5. Grellier, N.; Severino, A.; Archilei, S.; Kim, J.; Gasbarrini, A.; Cammarota, G.; Porcari, S.; Benech, N. Gut microbiota in
inflammation and colorectal cancer: A potential Toolbox for Clinicians. Best Pract. Res. Clin. Gastroenterol. 2024, 72, 101942.
[CrossRef] [PubMed]

6. Fusco, W.; Bricca, L.; Kaitsas, F.; Tartaglia, M.F.; Venturini, I.; Rugge, M.; Gasbarrini, A.; Cammarota, G.; Ianiro, G. Gut microbiota
in colorectal cancer: From pathogenesis to clinic. Best Pract. Res. Clin. Gastroenterol. 2024, 72, 101941. [CrossRef] [PubMed]

7. Zepeda-Rivera, M.; Minot, S.S.; Bouzek, H.; Wu, H.; Blanco-Míguez, A.; Manghi, P.; Jones, D.S.; LaCourse, K.D.; Wu, Y.; McMahon,
E.F.; et al. A distinct Fusobacterium nucleatum clade dominates the colorectal cancer niche. Nature 2024, 628, 424–432. [CrossRef]
[PubMed]

8. Jayasinghe, M.; Prathiraja, O.; Caldera, D.; Jena, R.; Coffie-Pierre, J.A.; Silva, M.S.; Siddiqui, O.S. Colon Cancer Screening Methods:
2023 Update. Cureus 2023, 15, e37509. [CrossRef] [PubMed]

9. Lieberman, D. Progress and challenges in colorectal cancer screening and surveillance. Gastroenterology 2010, 138, 2115–2126.
[CrossRef] [PubMed]

10. Zorzi, M.; Battagello, J.; Selby, K.; Capodaglio, G.; Baracco, S.; Rizzato, S.; Chinellato, E.; Guzzinati, S.; Rugge, M. Non-compliance
with colonoscopy after a positive faecal immunochemical test doubles the risk of dying from colorectal cancer. Gut 2022, 71,
561–567. [PubMed]

11. OECD/European Observatory on Health Systems and Policies. EU Country Cancer Pro-File: Italy 2025; OECD Publishing: Paris,
France, 2025.

12. Mannucci, A.; Goel, A. Stool and blood biomarkers for colorectal cancer management: An update on screening and disease
monitoring. Mol. Cancer 2024, 23, 259. [CrossRef] [PubMed]

13. Niedermaier, T.; Balavarca, Y.; Brenner, H. Stage-Specific Sensitivity of Fecal Immunochemical Tests for Detecting Colorectal
Cancer: Systematic Review and Meta-Analysis. Am. J. Gastroenterol. 2020, 115, 56–69. [CrossRef] [PubMed]

14. Tsai, Y.J.; Lyu, W.-N.; Liao, N.-S.; Chen, P.-C.; Tsai, M.-H.; Chuang, E.Y. Gut microbiome-based machine learning model for early
colorectal cancer and adenoma screening. Gut Pathog. 2025, 17, 80. [CrossRef] [PubMed]

15. Wu, Y.; Jiao, N.; Zhu, R.; Zhang, Y.; Wu, D.; Wang, A.-J.; Fang, S.; Tao, L.; Li, Y.; Cheng, S.; et al. Identification of microbial markers
across populations in early detection of colorectal cancer. Nat. Commun. 2021, 12, 3063. [CrossRef] [PubMed]

16. Liang, J.Q.; Wong, S.H.; Szeto, C.H.; Chu, E.S.; Lau, H.C.; Chen, Y.; Fang, J.; Yu, J.; Sung, J.J. Fecal microbial DNA markers serve
for screening colorectal neoplasm in asymptomatic subjects. J. Gastroenterol. Hepatol. 2021, 36, 1035–1043. [PubMed]

https://doi.org/10.3390/microorganisms14071564

https://doi.org/10.1038/s41575-019-0189-8
https://www.ncbi.nlm.nih.gov/pubmed/31455888
https://doi.org/10.1016/j.bpg.2023.101839
https://www.ncbi.nlm.nih.gov/pubmed/37852707
https://doi.org/10.1053/j.gastro.2010.01.057
https://www.ncbi.nlm.nih.gov/pubmed/20420944
https://doi.org/10.1080/17474124.2025.2592078
https://www.ncbi.nlm.nih.gov/pubmed/41252568
https://doi.org/10.1016/j.bpg.2024.101942
https://www.ncbi.nlm.nih.gov/pubmed/39645280
https://doi.org/10.1016/j.bpg.2024.101941
https://www.ncbi.nlm.nih.gov/pubmed/39645279
https://doi.org/10.1038/s41586-024-07182-w
https://www.ncbi.nlm.nih.gov/pubmed/38509359
https://doi.org/10.3390/cancers15235511
https://www.ncbi.nlm.nih.gov/pubmed/37193451
https://doi.org/10.1053/j.gastro.2010.02.006
https://www.ncbi.nlm.nih.gov/pubmed/20167216
https://www.ncbi.nlm.nih.gov/pubmed/33789965
https://doi.org/10.1186/s12943-024-02174-w
https://www.ncbi.nlm.nih.gov/pubmed/39558327
https://doi.org/10.14309/ajg.0000000000000579
https://www.ncbi.nlm.nih.gov/pubmed/31850933
https://doi.org/10.1186/s13099-025-00750-z
https://www.ncbi.nlm.nih.gov/pubmed/41063289
https://doi.org/10.1038/s41467-021-23265-y
https://www.ncbi.nlm.nih.gov/pubmed/34031391
https://www.ncbi.nlm.nih.gov/pubmed/32633422
https://doi.org/10.3390/microorganisms14071564


Microorganisms 2026, 14, 1564 13 of 13

17. Chan, F.K.L.; Wong, M.C.S.; Chan, A.T.; E East, J.; Chiu, H.-M.; Makharia, G.K.; Weller, D.; Ooi, C.J.; Limsrivilai, J.; Saito, Y.;
et al. Joint Asian Pacific Association of Gastroenterology (APAGE)-Asian Pacific Society of Digestive Endoscopy (APSDE)
clinical practice guidelines on the use of non-invasive biomarkers for diagnosis of colorectal neoplasia. Gut 2023, 72, 1240–1254.
[CrossRef] [PubMed]

18. Wolf, A.M.D.; Fontham, E.T.H.; Church, T.R.; Flowers, C.R.; Guerra, C.E.; LaMonte, S.J.; Etzioni, R.; McKenna, M.T.; Oeffinger,
K.C.; Shih, Y.-C.T.; et al. Colorectal cancer screening for average-risk adults: 2018 guideline update from the American Cancer
Society. CA Cancer J. Clin. 2018, 68, 250–281. [CrossRef] [PubMed]

19. Rex, D.K.; Boland, C.R.; Dominitz, J.A.; Giardiello, F.M.; Johnson, D.A.; Kaltenbach, T.; Levin, T.R.; Lieberman, D.; Robertson, D.J.
Colorectal Cancer Screening: Recommendations for Physicians and Patients from the U.S. Multi-Society Task Force on Colorectal
Cancer. Gastroenterology 2017, 153, 307–323. [CrossRef] [PubMed]

20. U.S. Preventive Services Task Force; Davidson, K.W.; Barry, M.J.; Mangione, C.M.; Cabana, M.; Caughey, A.B.; Davis, E.M.; Don-
ahue, K.E.; Doubeni, C.A.; Krist, A.H.; et al. Screening for Colorectal Cancer: US Preventive Services Task Force Recommendation
Statement. JAMA 2021, 325, 1965–1977. [CrossRef] [PubMed]

21. Helsingen, L.M.; Vandvik, P.O.; Jodal, H.C.; Agoritsas, T.; Lytvyn, L.; Anderson, J.C.; Auer, R.; Murphy, S.B.; Almadi, M.A.; A
Corley, D.; et al. Colorectal cancer screening with faecal immunochemical testing, sigmoidoscopy or colonoscopy: A clinical
practice guideline. BMJ 2019, 367, l5515. Erratum in BMJ 2023, 380, 143. https://doi.org/10.1136/bmj.l5515. [CrossRef] [PubMed]

22. Pilonis, N.D.; Bugajski, M.; Wieszczy, P.; Rupinski, M.; Pisera, M.; Pawlak, E.; Regula, J.; Kaminski, M.F. Participation in Competing
Strategies for Colorectal Cancer Screening: A Randomized Health Services Study (PICCOLINO Study). Gastroenterology 2021, 160,
1097–1105. [CrossRef] [PubMed]

23. Porcari, S.; Mullish, B.H.; Asnicar, F.; Ng, S.C.; Zhao, L.; Hansen, R.; O’TOole, P.W.; Raes, J.; Hold, G.; Putignani, L.; et al.
International consensus statement on microbiome testing in clinical practice. Lancet Gastroenterol. Hepatol. 2025, 10, 154–167.
[CrossRef] [PubMed]

24. Moinul, D.; Hao, C.; Dimitropoulos, G.; Taylor, V.H. Patient Perceptions of Microbiome-Based Therapies as Novel Treatments for
Mood Disorders: A Mixed Methods Study: Perceptions des patients sur les therapies basees sur le microbiome pour les troubles
de l’humeur: Une etude a methodes mixtes. Can. J. Psychiatry 2024, 69, 503–512. [CrossRef] [PubMed]

25. Bolte, L.A.; Klaassen, M.A.Y.; Collij, V.; Vila, A.V.; Fu, J.; van der Meulen, T.A.; de Haan, J.J.; Versteegen, G.J.; Dotinga, A.;
Zhernakova, A.; et al. Patient attitudes towards faecal sampling for gut microbiome studies and clinical care reveal positive
engagement and room for improvement. PLoS ONE 2021, 16, e0249405. [CrossRef] [PubMed]

26. Schlemper, R.J.; Riddell, R.H.; Kato, Y.; Borchard, F.; Cooper, H.S.; Dawsey, S.M.; Dixon, M.F.; Fenoglio-Preiser, C.M.; Fléjou, J.-F.;
Geboes, K.; et al. The Vienna classification of gastrointestinal epithelial neoplasia. Gut 2000, 47, 251–255. [CrossRef] [PubMed]

27. WHO Classification of Tumours Editorial Board. Digestive System Tumours, 5th ed.; International Agency for Research on Cancer:
Lyon, France, 2019.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/microorganisms14071564

https://doi.org/10.1136/gutjnl-2023-329429
https://www.ncbi.nlm.nih.gov/pubmed/37019620
https://doi.org/10.3322/caac.21457
https://www.ncbi.nlm.nih.gov/pubmed/29846947
https://doi.org/10.1053/j.gastro.2017.05.013
https://www.ncbi.nlm.nih.gov/pubmed/28600072
https://doi.org/10.1001/jama.2021.6238
https://www.ncbi.nlm.nih.gov/pubmed/34003218
https://doi.org/10.1136/bmj.l5515
https://doi.org/10.1136/bmj.l5515
https://www.ncbi.nlm.nih.gov/pubmed/36657781
https://doi.org/10.1053/j.gastro.2020.11.049
https://www.ncbi.nlm.nih.gov/pubmed/33307024
https://doi.org/10.1016/s2468-1253(24)00311-x
https://www.ncbi.nlm.nih.gov/pubmed/39647502
https://doi.org/10.1177/07067437241234954
https://www.ncbi.nlm.nih.gov/pubmed/38414430
https://doi.org/10.1371/journal.pone.0249405
https://www.ncbi.nlm.nih.gov/pubmed/33831035
https://doi.org/10.1136/gut.47.2.251
https://www.ncbi.nlm.nih.gov/pubmed/10896917
https://doi.org/10.3390/microorganisms14071564

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Study Procedures 
	Statistical Analysis 

	Results 
	Study Population 
	Clinical Characteristics of the Study Population 
	Endoscopic Features of the Study Population 
	Association Between Colonoscopy Outcomes and FIT Results 

	Discussion 
	Conclusions 
	References

