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Abstract

Introduction Fifteen to 25% of patients with colorectal cancer have combined liver metastases at the time of diag-
nosis, whereas an additional 15 to 25% will develop liver metastases after curative resection of primary colorectal
cancer, with the vast majority (80-90%) of liver metastases unresponsive to curative resection at first. Colorectal can-
cer liver metastasis is also the leading cause of death in patients with colorectal cancer. In recent years, several studies
have demonstrated that intestinal flora, especially Fusobacterium nucleatum, plays a crucial role in the development
of colorectal cancer liver metastasis, so we hypothesized that long-term metronidazole use could effectively reduce
the incidence of postoperative liver metastasis in colorectal cancer patients.

Methods/design This study is a prospective, single-centre, randomized, double-blind controlled study in which 300
patients will be randomly assigned to the test group or the control group in a 1:1 allocation ratio. The aim of this trial
is to demonstrate that long-term oral antibiotics can effectively reduce the incidence of postoperative liver metastasis
in patients with colorectal cancer.

Ethics and dissemination Ethics approval was obtained from the Ethics Committee at the Chinese Ethics Commit-
tee of Registering Clinical Trials (ChiECRCT20210229). The results of this study will be disseminated at several research
conferences and as published articles in peer-reviewed journals.

Trial registration Chinese Clinical Trial Registry ChiCTR2100046201. Registered on July 05, 2021.
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Introduction

The liver is the most prominent target organ for haema-
togenous metastasis of colorectal cancer. Fifteen to 25%
of patients with colorectal cancer have combined liver
metastases at the time of diagnosis, and an additional 15
to 25% will develop liver metastases after curative resec-
tion of primary colorectal cancer, with the vast majority
(80-90%) of liver metastases unresponsive to curative
resection at first. Colorectal cancer liver metastasis is
also the leading cause of death in patients with colorectal
cancer.

In 2006, a review [1] that summarized relevant arti-
cles from 1991 to 2004 concluded that the search for
specific bacteria among the normal flora of bacteria is a
reasonable way to evaluate the role of bacteria in chronic
inflammatory diseases and related cancers. The ability of
complex bacterial flora to cause inflammation or cancer
may depend on the aggregate activity of multiple compo-
nents of the flora, rather than a single species, and this
ability may be enhanced or diminished with significant
changes in species diversity and abundance within the
flora. In 2012, an article suggested that chronic inflam-
mation in the gut can affect colorectal carcinogenesis by
altering the gut microbial composition to contribute to
CRC development [2]. Their study showed that inflam-
mation alters the host physiological status to promote
the development of cancer, as seen in colitis-associated
colorectal cancer, and identified gut microbiota as a tar-
get of inflammation that influences CRC progression.
Subsequent studies from multiple cohorts around the
world identified a large enrichment of Fusobacterium
nucleatum in faecal samples of colorectal cancer patients
by full-throughput sequencing technology [1, 3-6],
and in 2017, Matthew Meyerson et al. [7] validated this
by establishing a xenogeneic colorectal cancer mouse
model, which confirmed that increased abundance of
Fusobacterium nucleatum in colorectal cancer patients
promoted colorectal carcinogenesis as well as the meta-
static process. In 2017 [8], a study found that Fusobac-
terium nucleatum was abundant in colorectal cancer
tissues of patients with recurrence after chemotherapy
and was correlated with the clinicopathological charac-
teristics of patients. Through bioinformatics and func-
tional studies, Fusobacterium nucleatum was found to
enhance the chemoresistance of colorectal cancer cells
by targeted activation of TLR4 and MyD88 (myeloid
differentiation factor) as well as specific microRNAs to
activate autophagy pathways, which ultimately alters the
chemotherapeutic prognosis in patients. Fusobacterium
nucleatum has a powerful driving effect on colorectal
carcinogenesis, and in addition, as an important intratu-
moral bacterium, Fusobacterium nucleatum is involved
in tumour progression and mediates tumour resistance

Page 2 of 9

to chemotherapeutic drugs. The mechanism by which
Fusobacterium nucleatum promotes colorectal carcino-
genesis was further investigated by Ge Zhang in 2017 [9],
which proposed that exosomes derived from Fusobacte-
rium nucleatum-infected cells played a role in promoting
cancer initiation and progression. All the above stud-
ies have shown that the composition and abundance of
gut microbiota play a crucial role in the development of
CRC, and the currently known microbiota with distinct
effects on CRC tumorigenesis are mainly Escherichia coli
and Fusobacterium nucleatum.

Can we reduce the effect of Fusobacterium nuclea-
tum on colorectal carcinogenesis by subjecting patients
to long-term metronidazole treatment in the clinical
setting? Therefore, we hypothesize that long-term oral
metronidazole treatment can reduce the incidence of
postoperative recurrence and metastasis. This hypoth-
esis is based on the research progress of the correlation
between intestinal flora and the occurrence and develop-
ment of colon cancer.

A 2017 study by Jing Yuan Fang et al. [8] reported that
colorectal tumours with a high Fusobacterium load were
more prone to recurrence, and a 2017 study [7] demon-
strated that treatment of Fusobacterium-positive human
colorectal cancer xenograft mouse models with metro-
nidazole could significantly reduce the Fusobacterium
load and inhibit cancer cell proliferation and tumour
growth. This conclusion somewhat supports our idea that
Fusobacterium-positive tumours may benefit from anti-
fusobacterial therapy, such as prolonged metronidazole
administration.

Based on an examination of the literature, a review
published in 2006, by Carlo et al., proposed that long-
term metronidazole supplementation is the therapeutic
basis for methylmalonic acid (MMA) and propionic aci-
demia (PA). In 2014, the Society for the Study of Inborn
Errors of Metabolism (SSIEM) designated a panel on
recommendations for the diagnosis and treatment of
methylmalonic acid (MMA), and propionic acidemia
(PA), which suggested metronidazole as one of the rec-
ommended therapeutic agents; it should be taken life-
long, on a regimen of 10-20 mg/kg/day for 1-2 or 2-3
weeks per month to avoid the emergence of resistant
organisms [10].

The long-term effects of metronidazole use cause seri-
ous side effects and have been reported as individual
cases in recent years. The probability of developing
peripheral neuropathy in patients who continue to take
metronidazole for > 4 weeks (taking a total dose of > 42
g) for a long period of time is approximately 17.9% [11,
12]. According to calculations, the blood concentration
is approximately 34—45 pg/ml when patients develop
peripheral neuropathy, and nearly all patients experience
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symptom resolution after discontinuing the medication.
Therefore, for this study, we set the duration of metro-
nidazole administration to 5 years in our patients, and
because anaerobes are extremely sensitive to metroni-
dazole, the dosage was extremely low, and in addition to
long-term regulatory follow-up, patients in this proto-
col only needed to maintain daily blood concentrations
greater than 0.01 puG/ml, which can maximize patient
safety. At the same time, all the studies with patients who
showed drug-related adverse reactions were discontin-
ued, which was included in the ITT set and not included
in the PP set.

The aim of this prospective, single-centre, large sample,
randomized controlled trial is to demonstrate that long-
term oral antibiotics can effectively reduce the incidence
of post-operative liver metastasis in patients with colo-
rectal cancer. Secondary objectives included safety and
acceptability of the drugs used, treatment-related mor-
bidity and mortality, and relevant follow-up.

Methods/design

The protocol has been structured according to the Stand-
ard Protocol Items: Recommendations for Interventional
Trials (SPIRIT 2013 Checklist) (Appendix S1).

Study setting

This study is a prospective, single-centre, randomized,
double-blind controlled study in which 300 patients
will be randomly assigned to the test group or the con-
trol group in a 1:1 allocation ratio. The study pro-
tocol can be accessed at the chictrorg.cn website
(ChiCTR2100046201). Figure 1 shows the trial flow
chart.

Eligibility criteria

1. Patients who meet any of the following conditions
will be included:

a) Patients of both sexes between 18 and 80 years
old;

b) Colon cancer (cT,,,Ty3sM, [UICC/AJCC-8th
Colon Cancer TNM tumour stage]), rectal cancer
(cT5.4Ny.3M, or any CT/N + [UICC/AJCC-8th
Rectal Cancer TNM tumour stage]) and patients
diagnosed and treated directly with surgery at
each study centre;

c) Patients who voluntarily agreed to join this study
and signed the relevant informed consent form
after verbal discussion about the clinical trial and
discussion of the intention of obtaining informed
consent.
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2. Patients who meet any of the following conditions
will be excluded:

a) Taking various classes of antibiotic medications
on their own or with medical advice for various
reasons within 2 weeks before surgery;

b) Previous diagnosis or current diagnosis of inflam-
matory bowel disease;

c) Diagnosed with acute intestinal perforation or
acute small intestinal diverticulum;

d) Those with ischaemic colitis or infectious colitis
were included in the diagnosis;

e) Diagnostic finding of other comorbid local or
systemic disease that requires anti-infective treat-
ment;

f) Two and more simultaneous surgeries;

g) Had been diagnosed due to acute and chronic
peritonitis or other infectious diseases that
require anti-infective treatment in the periopera-
tive period;

h) Any acute physiological disturbance that indi-
cates that the subject requires emergency surgery
without elective surgery [e.g., need for preopera-
tive mechanical ventilation, preoperative acute
renal failure, preoperative systemic inflammatory
release syndrome, and sepsis or septic shock];

i) ASA was rated on a 5-level scale;

j) Immunodeficiency, immunosuppression or auto-
immune diseases (e.g., allogeneic bone marrow
transplant patients within the last 5 years, taking
immunosuppressive drugs, and SLE);

k) The subject refused to sign an informed consent
form to participate in the trial;

1) Other scenarios in which normal cooperation
with a physician was not possible for personal
reasons or the investigator considered it unsuit-
able to participate in the experiment; and

m) All single-port laparoscopic procedures, tran-
shiatal procedures, and various new surgical
modalities need to be used.

3. The terminating study criteria are as follows:

a) Subject’s violation of treatment principles after
enrolment (such as violation of entry criteria,
noncompliance with study treatment medication
or surgical arrangements);

b) Subject was inoperable for various reasons after
enrolment (reasons to be recorded);

c) Subjects had nonstudy-related complications,
such as drug hypersensitivity reactions, after
enrolment;
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Inclusion criteria: Patients who have been
diagnosed with Colon cancer (ct3-4an0-3m0
), or rectal cancer (ct3-4n0-3m0 or any CT/N
+) or other patients who need elective
colorectal surgery, and the patients and their
families voluntarily participate in the clinical
trial and sign the relevant informed consent.
Exclusion criteria:Patients who take various
antibiotics on their own or under medical
orders within 2 weeks before surgery for
various reasons;Previous or present diagnosis
of inflammatory bowel disease,etc.

Patient Recruitment
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Baseline data:Gender;Weight;BMI;
Smoking history;Drinking history;
Comorbidities;Past medical history;
Non-study-related drug disease
history;Other surgical history;
C-reactive protein; Procalcitonin;
TNF-a;IL-6;Neutrophils;Lymphocytes,
etc.

Record Baseline Information

Test Group

Control Group

oral antibiotics

oral placebo

operation

v

chemotherapy

v

Postoperative follow-up

Y
Outcome Of Follow Main clinical outcomes:
Up the incidence of postoperative liver
metastasis within 5 years after surgery;

Incidence of drug-related adverse events.

Fig. 1 Trial flow chart
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d) Because of the occurrence of adverse events, after
the judgement of the investigator, the subject was
not considered suitable to continue with the trial
(the reason for withdrawal was recorded);
Subjects or the subject’s legally authorized repre-
sentative required withdrawal from the study;
Subjects developed serious complications or
intolerable adverse reactions; and

The subject was not available for elective surgery
after enrolment due to exacerbation of intercur-
rent illness or other reasons;

Interventions

Metronidazole/placebo: Treatment regimens were devel-
oped on their own according to each centre’s metroni-
dazole specifications, which required maintenance of
metronidazole plasma concentrations for subjects in the
experimental group to be > 0.01 pG/ml, and the duration
of administration was tentatively set at 5 years (i.e., the
time of the outcome of this experiment).

The chemotherapy regimen is eFOLFOX:

Oxaliplatin 85 mg/m? IV infusion for 2 h, D1; leucovorin
400 mg/m? IV for 2 h, D1; fluorouracil 400 mg/m? IV bolus
on D1 followed by 1200 mg/m?/DX2 continuous IV infu-
sion (total 2400 mg/m? over 46—48 h infusion). This process
was repeated every 2 weeks for a total of 24 weeks (Table 1).

Relevant concomitant care and interventions
There are no restrictions regarding concomitant care
during the trial.

Outcomes
Primary outcome
Efficacy will be measured in terms of the incidence
of postoperative liver metastasis within 5 years after
surgery.

Assessment will be conducted by in-person visits;
should the status of the pandemic impact the study with

Table 1 Chemotherapy regimen
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no possibility of performing in-person 5-year follow-up
appointments, telemonitoring might be considered using
validated tools.

Considering that the dose of metronidazole is pre-
dicted in the form of a hypothesis, the incidence of drug-
related adverse events will be regarded as one of the main
indicators of this study.

Secondary outcomes

1. Postoperative complication rates: Postoperative com-
plications will be classified according to their impact
and the required management (e.g., medical treat-
ment, reoperation, drainage), as proposed by Cla-
vien—-Dindo. Complications will be assessed at the
30-day follow-up; ancillary studies will assess com-
plications at the 60-day and 5-year follow-ups. The
Cumulative Complication Index will also be com-
puted to assess the global burden of complications on
each patient.

2. Complete postoperative recovery: number of days
between admission and when the patient is suitable
for discharge.

. Unplanned secondary surgery

. Readmission: need for any unplanned readmission
after discharge for any reason.

. 1-year, 3-year and 5-year survival rates

. Relapse-free survival (RES)

7. Overall survival (OS)

w

o

Randomization/assignment of interventions

Randomization was stratified by centre. Once informed
consent is obtained, randomization will be performed via
a centrally managed database. After receiving the patient
grouping information, designated researchers will pre-
pare trial drugs or placebo for patients according to the
assigned group. In this process, only the researchers are
informed about the grouping of patients. They will sign a
confidentiality agreement and will not participate in any

Drug name Dose Timing of the drugs (a total of 28 days/cycle)

Pre-operation Post-operation

D3-D1 D1 D2 D3-D14 D15 D16 D17-D21 D22-D28
Metronidazole/placebo e N N \J N N \J N -
Oxaliplatin 85 mg/m? V - - v - - -
Leucovorin 400 mg/m? N - N - - -
Fluorouracil 400 mg/m? V - - V - - -
Fluorouracil 2400 mg/m?(total) N - N - -
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other links of the trial to ensure that they will not have
any impact on the study. After collecting all the data,
the designated researcher named the two groups A and
B. The analyst will analyse the primary and secondary
results without knowing the group name. Only after the
analysis of the primary and secondary results can com-
plete blindness be eliminated and ineffective blinding
events recorded (for example, the study nurse discloses
the patient’s specific medication to the doctor).

The nurses provided the patients with oral antibi-
otics for the experimental group and placebo for the
control group in the ward.

Allocation concealment mechanism
The randomization was performed on a centrally man-
aged database once informed consent was obtained.

Implementation

The sequence will be generated and forwarded by the
computer specialist who created the case report form
(CRF) online to implement the online database. By doing
so, each investigator can randomize their patients and
assign them to the respective group of treatments. The
date of randomization will be recorded.

Blinding (masking)

The blind level was set as double-blind. All patients, doc-
tors, data collectors and analysts will be unaware of the
grouping of patients. We do not anticipate any require-
ment for unblinding but if required, the Trial Manager,

Table 2 CRF table
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Data Coordinator, Implementation Support Facilitators,
and Care Home Managers will have access to group allo-
cations and any unblinding will be reported.

Data collection, management, and analysis
Clinical data
Clinical data from patients will be obtained by medi-
cal staff and recorded on an online electronic platform
(Http://www.medresman.org.cn) and in the CRF table.
The sample will be coded, and the patient’s identity will
be known only by the attending physician. The clinical
data will include the following: general patient informa-
tion, past medical history, past surgical history, labora-
tory examination results, imaging results, surgery details,
postoperative infection rate, incidence of postoperative
complications, incidence of anastomotic leakage, and
30-day readmission rate after surgery. The timing and
processing of the above-recorded contents will all be
reflected in the CRF table, and the laboratory examina-
tions will mainly assess preoperative and postoperative
routine blood and inflammatory indicators (Table 2).

A detailed description of the above data is shown in the
CRE table.

Sample size calculation basis and formula
A larger sample size is required for this study to provide
adequate statistical power.

Based on our current known information and two
similar clinical studies on recurrence and metastasis of
colorectal cancer (1108 patients enrolled in a berberine
hydrochloride clinical trial for colorectal adenoma pre-
vention by Ying Xuan Chen et al., Shanghai Renji Hospi-
tal, 2014-2016, Lei Huang et al. from the First Affiliated

Stage Pre-operation Intra-operation Post-operation
Follow-up period 14-3 days 3-1days 1-14days 30days 1-12months 12-24 24-36 36-48 48-60
months months months months

Baseline data collected  +/ - - - - - . . _ _
Inclusion and exclusion  +/ - - - . . . , , _

Sign informed consent N, - - - - - - _ _ _
Group determination N - - - . - _ _
Physical examination V - - - V N N Y J N
Imaging examination \J - - - v v vV V V
laboratory examination v/ - - - v V N y N N

First administration - V - - - - , , , ,
Administration - - - N N V N Ni J N
Postoperation pathology - - - N - - - , - -
Safety observation - - v vV vV V Vv V v Vv
Record adverse events - - V Vv V vV v V v v
Other works V \J \J \J N J N Ni J N




Gao etal. Trials (2023) 24:786

Hospital of Anhui Medical University during the 2015-
2020 clinical trial of aspirin to prevent colorectal can-
cer metastasis were planned to enrol 3000 patients) and
combined with feasibility and study length consideration,
we determined the sample size to be 300 patients, experi-
mental group: control group = 1:1, that is, 150 patients
in the experimental group and 150 patients in the control

group.

Statistical analysis

The association with the variables of interest will be com-
pared between groups by means of Pearson’s chi-squared
test or Fisher’s exact test, as appropriate and in the case of
categorical variables. For continuous variables, Student’s
t test for independent samples and the Mann—Whitney
U test will be used for normally and nonnormally distrib-
uted variables, respectively.

The analysis for the primary end-point variable (inci-
dence of postoperative liver metastasis) will be per-
formed with an intention-to-treat approach. The absolute
difference in terms of incidence will be computed, along
with 95% confidence intervals, and will be expressed
as relative risk or odds ratio, as appropriate for each
outcome.

An interim analysis is planned, once 50% of the patients
have completed their treatment (half of the patients per
arm). The study can be suspended if the treatment supe-
riority is statistically significant, with a P value set at
<0.0052. The interim analysis will be performed in agree-
ment with previously reported epidemiological and sta-
tistical criteria.

For the secondary variables, a similar approach will
be used, using the effect estimate with a 95% confidence
interval and the relative risk and odds ratio for categori-
cal variables.

Any potential effects related to centres or surgeons will
be assessed by means of mixed models. For the primary
end-point variable, a bivariate and multivariate analysis
will be performed to identify the potential effects of other
variables.

The value for statistical significance at the final analysis
was set at P < 0.05. Statistical analysis will be performed
with SPSS 20. All the deviations from the original sta-
tistical plan will be described and justified. All subjects
included in the study will be included in the analysis.

Safety

Adverse events refer to adverse medical events that
occur in clinical trial patients after receiving medica-
tions. In this study, an adverse event will be considered
regardless of whether it is related to the therapy from
the time when patients sign the informed consent form
to 1 month after the end of treatment. Assessing the
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nature and determining the severity of adverse events
will be conducted in accordance with “expert consensus
on diagnostic criteria for postoperative complications of
gastrointestinal cancer in China” To assess the adverse
events and their causal relationship to therapy, the inves-
tigator will evaluate the possible associations between
adverse events and trial medications. The following five
criteria will be used to determine the results: the time
of occurrence of adverse events coincides with the time
of administration, adverse events are related to known
adverse reactions of the medication, adverse events can-
not be explained by other reasons, adverse events disap-
pear after discontinuing therapy and adverse events are
reproduced after medication administration. The results
documented as positive, relevant and possibly related
were deemed to be adverse reactions. The incidence
of adverse reactions will be calculated accordingly. To
record, process and report adverse events, the investiga-
tor will document any adverse events. Records of adverse
events will include a description of adverse events and
all related symptoms, time of occurrence, severity, dura-
tion, measures taken, the results and final outcomes. The
reporting methods and treatment measures for severe
adverse events will be classified as severe adverse events
if they meet one or more of the following criteria: death,
life-threatening (e.g., immediate risk of death), prolonged
hospitalization or hospitalization, permanent or severe
disability, congenital malformations or defects, some
events that have not yet caused death, danger to life or
hospitalization but will consider a severe adverse event
by a physician if they cause harm to the patient or require
medication or surgical treatment to avoid the above situ-
ation. For any severe adverse events during the clinical
trial, the investigator will file a report of severe adverse
events within 24 h and report in writing to the Ethics
Committee, the superior authorities and the sponsor. The
written report will include the time, severity, duration,
measures taken and outcomes of serious adverse events.

Patient protection/written informed consent forms

Both parties ensure the protection of the patient’s per-
sonal records. Except for documents required by law,
patient names are not included in any form in tabular
reports, publications, or any type of research publica-
tion document. Informed consent will be formulated
in strict accordance with Chinese laws and regulations.
Written informed consent, including all changes made
throughout the study, must be preapproved by the
Internal Review Board/Independent Ethics Committee
before inclusion in the study. Medical staff at each cen-
tre will obtain a signature with written informed con-
sent from each patient (if the patient is unable to make
their own decision for various reasons, the immediate
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family will decide on their behalf) prior to any specific
activities related to the study. Researchers at each cen-
tre will submit and keep original copies of all written
informed consent forms signed by patients and pro-
vide additional copies to patients or their immediate
family members for their records.

Monitoring

Data monitoring

The investigators will not have access to data until
the study is completed and data are analysed. A data
monitoring committee is established at Xijing Hospi-
tal, which will assess the results and safety of the treat-
ments performed at all centres.

Representatives authorized by project undertakers,
regulatory departments, and independent ethics com-
mittees may visit the centre for inspections, includ-
ing verifying the original data every year. The purpose
of the inspections of the site and personnel is to sys-
tematically and independently examine all research-
related behaviours and documents, to determine that
these behaviours have been managed and that the data
have been analysed, recorded and accurately reported
in accordance with the research programme, GCP,
ICH guidelines and other regulatory requirements.

During the study period, the project undertaker or
the supervisor representing the project will regularly
contact the research centre for a number of reasons
including the following: providing information and
technical support; establishing randomized grouping
as required; confirming that the investigator complies
with the study plan, that data on the CRFs are accu-
rately recorded, and that dosage of drugs being used is
checked; and carrying out original data analysis (e.g.,
the data on CRFs are related to the records of patients
in the hospital, and the research will compare these
with other records). This requires direct access to the
original records of each patient (e.g., clinical charts).

Auditing

The project management team will meet once a month
to review the progress of the trial. As patients may expe-
rience some side effects during long-term administration
of metronidazole, the trial steering team at each sub-
centre, assigned by the team leader unit, will review the
follow-up of subjects at each centre every 2 to 3 months
to prevent irreparable harm to patients due to doctors’
or nurses’ errors. The hospital ethics review committees
will work together to form an independent data moni-
toring committee that will review the data from each
sub-centre every 3 months and at the time of interim
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analysis (performed once 50% of the planned sample of
patients completed the primary endpoint follow-up )to
verify the safety of treatment in both arms.

Data ascertainment
For case ascertainment, a screening log will be used,
where the following data will be collected:

1. Eligible patients according to the eligibility criteria;
2. Patients who were asked for consent; and
3. Patients who agreed to enter the study.

Plans for communicating important protocol modifications
Any changes to the trial protocol will first be discussed
at an investigator meeting, and based on the discussion
the proposed changes will be approved and rejected. If
the meeting approves the proposal, a new version of the
trial protocol will be prepared by the PI and reviewed
and filed with the hospital ethics committee of the PI,
who will then inform the centres and send a copy of the
revised protocol to the PI to be added to the investiga-
tor website archive. Any deviations from the protocol will
be reported to the PI and filed by the Data Monitoring
Committee and Trial Steering Team.

Patient protection/written informed consent forms

Both parties ensure the protection of the patient’s per-
sonal records. Except for documents required by law,
patient names are not included in any form in tabular
reports, publications or any type of research publica-
tion document. Informed consent will be formulated
in strict accordance with Chinese laws and regulations.
Written informed consent, including all changes made
throughout the study, must be preapproved by the Inter-
nal Review Board/Independent Ethics Committee before
inclusion in the study. Medical staff will obtain a signa-
ture with written informed consent from each patient
(if the patient is unable to make their own decision for
various reasons, the immediate family will decide on
their behalf) prior to any specific activities related to the
study. Researchers will keep original copies of all written
informed consent forms signed by patients and provide
additional copies to patients or their immediate family
members for their records.

On the consent form, participants will be asked if they
consent to the use of their data if they opt out of the trial.
Participants will also be asked if they allow the research
team to share relevant data (if relevant) with people from
the participating universities or regulatory bodies. This
trial will not involve the collection of biological speci-
mens for storage.
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Abbreviations

CRC Colorectal cancer

MMA  Methylmalonic acid

PA Propionic acidemia

SSIEM  The Society for the Study of Inborn Errors of Metabolism

TT Intention-to-treat
PP Per-protocol

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-023-07628-y.

[ Additional file 1: Appendix S1. SPIRIT 2013 Checklist. }

Acknowledgements
The authors thank all the patients who participated in the study and the medi-
cal staff of the central hospitals.

Patient public involvement
There was no public or patient involvement in the design of the programme.

Trial sponsor
Department of Digestive Surgery, Xi Jing Hospital, Fourth Military Medical
University email: xijingweichang@163.com

Authors’ contributions

Concept proposal: LX-H. Survey and data summary: GR-Q, WW-D, HK-Z. Data
collection, analysis, and statistics: GR-Q, DD-H, MZ-C. Specific scheme imple-
mentation: JG, LX-H, HX-L, YK-S, BY-L, HL, FL, GR-Q, WWD, YP-F, HK-Z. Research
regulatory: JG, LX-H. Writing — draft: GR-Q. Writing — proofreading and edit-
ing: LX-H, GR-Q. All authors approved the final version of the manuscript.

Funding
No funds were used during the process of this trial.

Availability of data and materials
Datasets used and/or analysed in this study are available from the correspond-
ing authors on reasonable request.

Declarations

Ethics approval and consent to participate

This trial is a prospective, large sample size, multicentre, collaborative, rand-
omized controlled study designed to explore the best strategy for preopera-
tive preparation for colorectal surgery. This study will strictly abide by all legal
requirements, regulations and general principles formulated by international
agencies concerning ethical conduct in human biomedical research and by
the Declaration of Helsinki and the International Ethical Guidelines for Bio-
medical Research Involving Human Beings. This study protocol was approved
by the Chinese Registered Clinical Trial Ethics Committee (Hong Kong Center,
China Clinical Trial Registry, Kowloon Pond Baptist University Road, Hong
Kong Special Administrative Region, China, Approval No. ChiECRCT20200173,
Resolution 19 July 2020). Information about any adverse events (AEs) will be
reported to the Ethics Committee until a stable situation is reached. The Ethics
Committee has the duty to periodically evaluate the progress of this trial.

Consent form for data publication
All participants signed a consent form for data release.

Competing interests
The authors declare that they have no competing interests.

Author details
'Department of Digestive Surgery, Xi Jing Hospital, Fourth Military Medical
University, Xi'an, Shaanxi, China.

Page 9 of 9

Received: 14 June 2022 Accepted: 6 September 2023
Published online: 04 December 2023

References

1. Yang L, Pei Z. Bacteria, inflammation, and colon cancer. World J Gastroen-
terol. 2006;12(42):6741-6. https://doi.org/10.3748/wjg.v12.i42.6741.PMID:
17106919;PMCID:PMC4087425.

2. Arthur JC, Perez-Chanona E, MUhlbauer M, Tomkovich S, Uronis JM, FanTJ,
Campbell BJ, Abujamel T, Dogan B, Rogers AB, Rhodes JM, Stintzi A, Simpson
KW, Hansen JJ, Keku TO, Fodor AA, Jobin C. Intestinal inflammation targets
cancer-inducing activity of the microbiota. Science. 2012,338(6103):120-3.
https://doi.org/10.1126/science.1224820. (Epub 2012 Aug 16. PMID:
22903521; PMCID: PMC3645302).

3. Castellarin M, Warren RL, Freeman JD, Dreolini L, Krzywinski M, Strauss J,
Barnes R, Watson P, Allen-Vercoe E, Moore RA, Holt RA. Fusobacterium
nucleatum infection is prevalent in human colorectal carcinoma. Genome
Res. 2012;22:299-306. https;//doi.org/10.1101/gr.126516.111.

4. Kostic AD, Gevers D, Pedamallu CS, Michaud M, Duke F, Earl AM, Ojesina Al,
Jung J, Bass AJ, Tabernero J, Baselga J, Liu C, Shivdasani RA, Ogino S, Birren
BW, Huttenhower C, Garrett WS, Meyerson M. Genomic analysis identifies
association of Fusobacterium with colorectal carcinoma. Genome Res.
2012;22:292-8. https://doi.org/10.1101/gr.126573.111.

5. McCoy AN, Aratjo-Pérez F, Azcérate-Peril A, Yeh JJ, Sandler RS, Keku
TO. Fusobacterium is associated with colorectal adenomas. PLOS One.
2013;8:e53653. https://doi.org/10.1371/journal.pone.0053653.

6. TaharaT,Yamamoto E, Suzuki H, Maruyama R, Chung W, Garriga J, Jelinek J,
Yamano HO, Sugai T, An B, Shureiqi |, Toyota M, Kondo Y, Estécio MRH, Issa J-PJ.
Fusobacterium in colonic flora and molecular features of colorectal carcinoma.
Cancer Res. 2014;74:1311-8. https//doi.org/10.1158/0008-5472.CAN-13-1865.

7. Bullman'S, Pedamallu CS, Sicinska E, Clancy TE, Zhang X, Cai D, Neuberg D,
Huang K, Guevara F, Nelson T, Chipashvili O, Hagan T, Walker M, Ramachandran
A, Diosdado B, Serna G, Mulet N, Landolfi S, Ramon Y, Cajal S, Fasani R, Aguirre
AJ,Ng K, Elez E, Ogino S, Tabernero J, Fuchs CS, Hahn WC, Nuciforo P, Meyerson
M. Analysis of Fusobacterium persistence and antibiotic response in colorectal
cancer. Science. 2017,358(6369):1443-8. https://doi.org/10.1126/science.aal52
40. (Epub 2017 Nov 23. PMID: 29170280; PMCID: PM(C5823247).

8. YuT,GuoFYuY,SunT MaD,HanJ QianY, Kryczek |, Sun D, Nagarsheth
N, ChenY, Chen H, Hong J, Zou W, Fang JY. Fusobacterium nucleatum
Promotes Chemoresistance to Colorectal Cancer by Modulating Autophagy.
Cell. 2017;170(3):548-563.e16. https://doi.org/10.1016/j.cell.2017.07.008.
(PMID: 28753429; PMCID: PMC5767127).

9. Guo S, Chen J,ChenF, Zeng Q, Liu WL, Zhang G. Exosomes derived from
Fusobacterium nucleatum-infected colorectal cancer cells facilitate tumour
metastasis by selectively carrying miR-1246/92b-3p/27a-3p and CXCL16.
Gut. 2020:gutjnl-2020-321187. https;//doi.org/10.1136/gutjnl-2020-321187.
Epub ahead of print. PMID: 33172926.

10. Baumgartner MR, Horster F, Dionisi-Vici C, Haliloglu G, Karall D, Chapman KA,
Huemer M, Hochuli M, Assoun M, Ballhausen D, Burlina A, Fowler B, Griinert
SC, Griinewald S, Honzik T, Merinero B, Pérez-Cerda C, Scholl-Birgi S, Skovby F,
Wijburg F, MacDonald A, Martinelli D, Sass JO, Valayannopoulos V, Chakrapani
A. Proposed guidelines for the diagnosis and management of methylmalonic
and propionic acidemia. Orphanet J Rare Dis. 2014;2(9):130. https://doi.org/10.
1186/513023-014-0130-8. (PMID: 25205257; PMCID: PMC4180313).

11. Diodato D, Olivieri G, Pro S, Maiorani D, Martinelli D, Deodato F, Taurisano R,
Di Capua M, Dionisi-Vici C. Axonal peripheral neuropathy in propionic aci-
demia: A severe side effect of long-term metronidazole therapy. Neurology.
2018,91(12):565-7. https://doi.org/10.1212/WNL.0000000000006209. (Epub
2018 Aug 17 PMID: 30120134).

12. Goolsby TA, Jakeman B, Gaynes RP. Clinical relevance of metronidazole and
peripheral neuropathy: a systematic review of the literature. Int J Antimicrob
Agents. 2018;51(3):319-25. https;//doi.org/10.1016/jijantimicag.2017.08.
033. (Epub 2017 Sep 5 PMID: 28887203).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s13063-023-07628-y
https://doi.org/10.1186/s13063-023-07628-y
https://doi.org/10.3748/wjg.v12.i42.6741.PMID:17106919;PMCID:PMC4087425
https://doi.org/10.3748/wjg.v12.i42.6741.PMID:17106919;PMCID:PMC4087425
https://doi.org/10.1126/science.1224820
https://doi.org/10.1101/gr.126516.111
https://doi.org/10.1101/gr.126573.111
https://doi.org/10.1371/journal.pone.0053653
https://doi.org/10.1158/0008-5472.CAN-13-1865
https://doi.org/10.1126/science.aal5240
https://doi.org/10.1126/science.aal5240
https://doi.org/10.1016/j.cell.2017.07.008
https://doi.org/10.1136/gutjnl-2020-321187
https://doi.org/10.1186/s13023-014-0130-8
https://doi.org/10.1186/s13023-014-0130-8
https://doi.org/10.1212/WNL.0000000000006209
https://doi.org/10.1016/j.ijantimicag.2017.08.033
https://doi.org/10.1016/j.ijantimicag.2017.08.033

	A prospective, single-centre, randomized, double-blind controlled study protocol to study whether long-term oral metronidazole can effectively reduce the incidence of postoperative liver metastasis in patients with colorectal cancer
	Abstract 
	Introduction 
	Methodsdesign 
	Ethics and dissemination 
	Trial registration 

	Introduction
	Methodsdesign
	Study setting
	Eligibility criteria
	Interventions
	Relevant concomitant care and interventions
	Outcomes
	Primary outcome
	Secondary outcomes

	Randomizationassignment of interventions
	Allocation concealment mechanism
	Implementation
	Blinding (masking)
	Data collection, management, and analysis
	Clinical data
	Sample size calculation basis and formula
	Statistical analysis

	Safety
	Patient protectionwritten informed consent forms
	Monitoring
	Data monitoring
	Auditing
	Data ascertainment

	Plans for communicating important protocol modifications
	Patient protectionwritten informed consent forms

	Anchor 32
	Acknowledgements
	References


