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AbstrACt
Introduction Colorectal cancer (CRC) is still associated 
with poor prognosis, especially in patients with advanced 
disease. Development of new prognostic tools replacing 
or supplementing those routinely used is definitely 
needed, with the aim to optimise and personalise 
treatment strategies. Gut microbiota composition and body 
composition profile (obesity, sarcopenia and metabolic 
syndrome) have recently been reported separately as 
new relevant prognostic factors for postoperative surgical 
and oncologic outcomes following CRC surgery. However 
interactions that exist between these factors have 
been poorly studied. The purpose of this translational 
prospective cohort study (METABIOTE) is to investigate 
potential interactions between gut microbiota, body 
composition profile and postoperative outcomes and 
recurrence in patients undergoing surgery for non- 
metastatic sporadic CRC.
Methods and analysis This single- centre project aims to 
prospectively enrol 300 consecutive patients undergoing 
surgery for non- metastatic sporadic CRC at the University 
Hospital of Clermont- Ferrand, France for the identification 
of specific microbial signatures (from tumour, colonic 
mucosa and stools samples) associated with particular 
metabolic profiles that could impact postoperative 
morbidity and oncologic outcomes, using microbiological, 
molecular and imaging approaches. The primary outcome 
is the 5- year overall survival (OS). Other outcomes are 5- 
year CRC- related OS, 5- year disease- free survival, 30- day 
postoperative morbidity, 90- day postoperative mortality 
and length of hospital stay.
Ethics and dissemination This study protocol was 
reviewed and approved by an independent French regional 
review board (n°2018- A00352-53, ‘Comité de Protection 
des Personnes Ile de France VII’ on 4 July 2018, declared 
to the competent French authority (‘Agence Nationale de 

Sécurité du Médicament et des produits de santé’, France), 
and registered on the Clinical Trials web- based platform 
(NCT 03843905). Oral and written informed consent will be 
obtained from each included patient. Study results will be 
reported to the scientific community at conferences and in 
peer- reviewed scientific journals.
trial registration number NCT03843905.
.

IntroduCtIon
Colorectal cancer (CRC) is the third leading 
cancer worldwide, and is still associated with 
poor prognosis, especially in patients with 
advanced disease with less than 15% 5- year 
overall survival (OS).1 Surgery remains the 
only chance of cure, but is associated with 
postoperative complications, particularly 
anastomotic leakage (AL), that could delay 
the administration of adjuvant treatments 
and then compromise oncologic outcomes.2 3 
Following CRC surgery, decision for adjuvant 

strengths and limitations of this study

 ► This is one of the pioneering studies, investigating 
the combination of innovative prognostic markers 
such as gut microbiota and body composition pro-
files for the prediction of oncologic and surgical out-
comes after colorectal cancer surgery.

 ► METABIOTE is a large prospective cohort study in-
cluding 300 patients at a high- volume tertiary expert 
centre.

 ► The single- centre type of this study could be a limit, 
potentially exposing to recruitment biases.
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chemotherapy is mainly made on pathology features 
and molecular characteristics, such as the tumor nodes 
metastasis (TNM) classification and MSI/KRAS/BRAF 
status.4 5 However, these parameters remain imperfect for 
the assessment of CRC prognosis, especially in stage II 
CRC patients.6–8 Therefore, there is still a need to develop 
new tools for CRC treatment optimisation and personal-
isation. Innovative factors have been recently linked to 
CRC prognosis and postoperative complications after 
CRC surgery, such as gut microbiota and body composi-
tion profile (eg, obesity, sarcopenia, metabolic syndrome 
(MS)).9–14

There are now strong evidences for the implication of 
the gut microbiota in colorectal carcinogenesis. Indeed, 
a dysbiosis has been reported in CRC patients,1 2 with 
the emergence of some pathogenic bacterial species, 
including pathogenic Escherichia coli. Although most of 
the studies focused on the bacterial pro- carcinogenic 
effect in CRC, it appears increasingly obvious that dysbi-
osis could be a new prognostic biomarker and an inno-
vative target for CRC therapies.15 16 Recent evidences 
suggest a relationship between an abnormal colonic 
mucosa colonisation by pathogenic E. coli and advanced 
CRC.17 18 Interestingly, some pathogenic E. coli, prefer-
entially detected in CRC patients, are more prevalent in 
the mucosa of patients with stage III/IV advanced CRC 
than in those with stage I CRC.17 18 This suggests that E. 
coli could be used as prognostic factor in CRC. Similar 
results have also been reported with other bacteria 
species (Streptococcus bovis, Helicobacter pylori, Bacteroides 
fragilis, Enterococcus faecalis, Clostridium septicum, Fusobac-
terium spp).19 If the intestinal microbiota appears to be 
involved in carcinogenesis, it may also modulate the 
host response to anticancer therapies,20 clinical trials 
targeting predictive value of the microbiota modulation 
being currently conducted on this topic. Intestinal micro-
biome has been shown to participate in the resistance to 
a wide range of anticancer treatments by direct interac-
tion with the treatment or by indirectly stimulating host 
response through immunomodulation.21 Some may have 
a direct action on anticancer drugs by metabolising them 
as β-glucuronidase- producing bacteria of the microbiota 
with irinotecan, a chemotherapy used in CRC treatment.22 
Moreover through its immunomodulation activity, intes-
tinal microbiota can modulate the efficacy of chimio-
therapy or immunotherapy. Indeed, Lida et al23 described 
the oxaliplatin chemoresistance of tumours in germ- free 
or antibiotics- treated mice in comparison with specific 
pathogen- free mice. This resistance has been linked to 
the reactive oxygen species (ROS) producing myeloid 
antitumour cells activity. Similar results were observed 
with cyclophosphamide treatment by reducing Tregs 
and increasing Th1 and Th17 cells.24 More recently, the 
impact of the gut microbiota on the immune checkpoint 
inhibitor therapy efficacy has also been largely explored 
and confirm the central role of remote lymphoid and 
myeloid cells modulation by the gut microbiota.25 In the 
same way, a recent clinical study by Gopalakrishnan et al 

revealed that the composition of the gut microbiota could 
affect the antitumorous responses to anti- PD-1 immuno-
therapy in patients with metastatic melanomas.26 Finally, 
gut microbiota has been recently linked to the occur-
rence of postoperative complications after colorectal 
surgery, especially AL.10 27 Bacterial induction of an oxida-
tive stress, notably through the production of ROS and 
the activation of specific pathways regulating intestinal 
scarring, is also suspected to be involved in the genesis of 
these postoperative complications.12 28

Both body composition parameters and metabolic 
profiles have been reported to be relevant prognostic 
factors in CRC.10 Indeed, muscle exhaustion (sarco-
penia), obesity, visceral obesity and MS may influence 
oncologic outcomes in patients undergoing CRC surgery, 
independently from TNM stage and other pathological 
risk factors.9 Sarcopenia has been identified as an inde-
pendent predictor of impaired survival, and has been 
associated with increased 30- day postoperative morbidity 
and mortality after CRC surgery as well.13 29 It is also 
responsible for major toxicities of chemotherapy, thus 
resulting in dose reduction and delayed administration 
or even contraindication for adjuvant therapies. It is 
likely that early discontinuation of adjuvant treatment 
and vulnerability to postoperative infection contribute 
to impair survival in sarcopenic patients. Sarcopenia 
has also been associated with the systemic inflammatory 
response in CRC patients, and this relationship may 
explain why sarcopenic patients are subjected to poorer 
oncologic outcomes.13 In addition, other studies reported 
higher postoperative morbidity and impaired survival in 
CRC patients with stage II/III obesity.30 31 MS is a set of 
predictive risk factors predisposing to obesity. A study on 
non- metastatic CRC patients30 showed (1) a 45% higher 
mortality risk in obese patients with MS, (2) a 9% higher 
risk in patients with MS only and (3) no increase in 
mortality in obese patients without MS. Finally, the combi-
nation of obesity and MS, especially in obese patients who 
also have sarcopenia (sarcopenic obesity), seems to be 
associated with an increase of severe complications within 
30 days after colonic surgery.32

In this context, further studies are needed to assess 
impact and interactions of these innovative prognostic 
factors in CRC patients, with the goal to improve iden-
tification of patients at high risk for postoperative 
complications or recurrences, and to personalise periop-
erative strategies.33 This large translational prospective 
research project aims to assess the impact of innovative 
prognostic tools combinations (MS, obesity, sarcopenia, 
gut microbiota composition) on surgical and oncologic 
outcomes following surgery for non- metastatic sporadic 
CRC. In addition to global microbiota composition, 
the pro- carcinogenic species described earlier could 
represent interesting prognostic factors. Among them, 
colibactin- producing E. coli could be a good candidate. 
Indeed, prevalence of this pathogenic E. coli seems to be 
correlated to aggressive CRC forms.17 In the same way, 
Gopalakrishnan et al showed that resistance to anti- PD1 
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Figure 1 Investigated parameters on the METABIOTE project. *Metabolic syndrome according to new International Federation 
Diabete definition (IDF, 2006): central obesity (defined as waist circumference: ≥94 cm male; ≥80 cm female). Plus any two 
of the following four factors: raised triglycerides: >150 mg/dL (1.7 mmol/L) or specific treatment for this lipid abnormality; 
reduced HDL cholesterol: <40 mg/dL (1.03 mmol/L) in males, <50 mg/dL (1.29 mmol/L) in females or specific treatment for this 
lipid abnormality; raised blood pressure: systolic BP ≥130 or diastolic BP ≥85 mm Hg or treatment of previously diagnosed 
hypertension; raised fasting plasma glucose: ≥100 mg/dL (5.6 mmol/L) or previously diagnosed type 2 diabetes. BMI, body mass 
index; BP, blood pressure; CRC, colorectal cancer; FAP, familial adenomatous polyposis; HDL, high- density lipoprotein; HNPCC, 
hereditary non- polyposis colorectal cancer; PCR, polymerase chain reaction; SMI, skeletal muscle index.

correlated with an enrichment of E. coli population in the 
intestinal microbiota of metastatic melanoma patients. 
In this context, the microbiota studies will be completed 
characterising the CRC- associated E. coli strains isolated 
from the samples of this cohort.

MEthods
study design and setting
The present trial (METABIOTE) is an observational 
prospective cohort study conducted in a tertiary high- 
volume expert Digestive Surgery department at the 
University Hospital of Clermont- Ferrand, France. All 
consecutive patients with a non- metastatic sporadic CRC 
scheduled for surgery (corresponding to the ICD10 code: 
C18, C19) will be systematically proposed participation to 
the study, aiming inclusion of 300 patients from 2019 to 
2021.

After oral and written informed consent has been 
obtained, patients will be enrolled and data will be 
prospectively collected using an electronic database 
(RedCap; Research Electronic Data Capture) hosted at 
the University Hospital of Clermont- Ferrand, France.34 
All data regarding patients/family medical and surgical 
history (mainly history of cancer and cardiovascular 
disease), usual treatments, co- morbidities (including 
tobacco and alcohol consumption), allergies and eating 

habits will be recorded at the initial visit. Then data on 
(1) metabolic profile, (2) postoperative outcomes and 
survivals following CRC surgery and (3) gut microbiota 
composition will be studied (figures 1 and 2).

Body composition profile assessment: obesity, MS and sarcopenia 
determination
To define these parameters, different measures and dosages will 
be performed

 ► Clinical parameters: weight (kg), height (cm), body 
mass index (BMI) calculation (kg/m2) and waist 
circumference measurements will be collected preop-
eratively and at 3, 6 and 12 months postoperatively.

 ► Preoperative biological parameters: blood count, 
blood ionogram, urea, creatininemia, C- reactive 
protein, fasting plasma glucose, HbA1c, complete 
lipidic tests (high- density lipoprotein- c (HDL- c), low- 
density lipoprotein- c, total cholesterol and triglycer-
ides), complete liver tests (aspartate aminotransferase, 
alanine aminotransferase, gamma- glutamyl trans-
ferase, alkaline phosphatase), bilirubinemia, nutri-
tional assessment: albuminemia, pre- albuminemia.

 ► Imaging features: a thoraco- abdomino- pelvic CT 
scan will be systematically performed as part of CRC 
preoperative assessment. In addition to the detec-
tion of metastases, it will be used to study metabolic 
profiles, analysing visceral fat, liver and splenic density 
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Figure 2 Design of the study for each patient.

and skeletal muscle index (SMI) on a L3 centred 
slice, using a dedicated software (Slice- O- Matic V.4.3 
software, Tomovision, Montreal, Quebec, Canada) 
available at the Radiology Department, thus defining 
sarcopenia degree. CT scans will also be performed 
postoperatively as a part of the usual oncologic 
follow- up, every 3–6 months for up to 5 years.

According to the examinations carried out and described above
 ► Obesity is defined by the National Institutes of Health 

as a BMI≥30 kg/m2.35

 ► Metabolic syndrome is defined according to the recom-
mendations from the National Cholesterol Education 
Program Adult Treatment Panel36 as a cluster of risk 
factors including abdominal obesity assessed by waist 
circumference, high blood pressure, elevated triglyc-
eride level, hyperglycaemia and low HDL- cholesterol 
level.

 ► Sarcopenia is defined from CTs using Slice- O- Matic 
V.4.3 software. Skeletal muscle index (cm2/m2) is 
thus determined on a single slice at the third lumbar 
vertebra (L3). Sarcopenia is defined as reduced L3 
SMI, identified using predefined sex- specific cut- off 
points defined by Prado et al.32 Thereby, patients with 
a SMA <52·4 cm²/m² for men and <38.5 cm²/m² for 
women will be considered as sarcopenic. Sarcopenic 
obesity is defined as the combination of sarcopenia 
with a BMI>30 kg/m2.

CRC features and postoperative outcomes
Data regarding CRC features and postoperative outcomes 
will be collected as following: pathology characteristics 
(TNM stage, MSI, RAS and BRAF status, presence of 
perineural or vascular invasion), 30- day postoperative 
morbidity, 90- day postoperative mortality, stay in intensive 
care unit, length of hospital stay, reintervention (radio-
logical, endoscopic and/or surgical) and readmissions.

Postoperative morbidity and mortality will be defined 
as events occurring during hospital stay or within post-
operative days 30 and 90, respectively. Postoperative 

complications will be assessed according to the Dindo- 
Clavien classification.37

Thromboembolic, cardiac, infectious, uro- nephrologic, 
psychiatric and pulmonary complications will be raised as 
postoperative medical morbidity.

Postoperative surgical morbidity includes:
 ► AL, according to the International Study Group 

of Rectal Cancer,38 is defined as a communica-
tion between the intraluminal and extraluminal 
compartments- related defect at the anastomotic site. 
Thus any abscess adjacent to anastomosis, even in the 
absence of clearly identified communication on CT 
scan (opacified or not) or during a possible surgical 
revision, will be considered as an AL. A validated 
simple graduation system will be used to classify AL 
based on clinical management: grade A, no change 
in patient management; grade B, AL requires active 
therapeutic intervention (radiological and/or endo-
scopic drainage) and grade C, AL requires surgical 
reoperation (laparoscopy or laparotomy).

 ► Postoperative ileus (POI): according to the Chapuis et 
al definition,39 in the absence of mechanical bowel 
obstruction, POI is raised when the patient is bloated 
with a lack of bowel sounds and has experienced 
nausea or vomiting and no gas or stool for more than 
3 days postoperatively. POI differs from mechanical 
occlusion in that it is resolved without surgery.

 ► Surgical site infection (SSI)40 with a distinction between 
superficial incisional versus deep incisional or organ/
space (including AL) SSI.

 ► Haemorrhagic complication: intra- abdominal or intralu-
minal haemorrhage, perioperative blood transfusion.

 ► Abdominal wall complications: incisional hernia and 
evisceration.

Collected postoperative oncologic outcomes are 3- year 
and 5- year OS, CRC- related OS, disease- free survival 
(DFS), recurrence rate and features. Time of recurrence 
is defined as the time of the first imaging that reported 
definitive or suspicious new tumours. For patients with 
biopsy- proven recurrence, the date of positive histological 
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results is defined as the time of recurrence. OS and DFS 
will be calculated from the time to CRC surgery to the 
time of death and first recurrence, respectively. For the 
purposes of this study, recurrence sites are recorded as 
liver, lung, peritoneum, retroperitoneal lymph nodes or 
other sites (eg, bones, brain), and biopsy- proven anasto-
motic recurrences will be recorded.

All these data will be collected during the hospital stay, 
and then at each postoperative outpatient visit starting at 
postoperative day 30 (cf. figure 2).

Gut microbiota composition
Tissues samples from adjacent peritumorous mucosa and 
tumour will be withdrawn in the operative room, as well 
as rectal stools, will be washed and immediately frozen 
(−80°C) and then moved to the M2iSH research unit 
for microbiota analysis. After thawing, samples will be 
next crushed in the presence of Triton 0.1X and incu-
bated at room temperature. Lysate dilution will be plated 
on TBX agar and chromogenic agar chromID CPS3 
(bioMérieux). Bacteria colonies of interest (around 48 
per samples) will be then collected for molecular typing 
and identification will be confirmed with the automated 
Vitek II (bioMérieux) system. About 10 colonies of E. coli 
per sample will be typed with molecular methods to iden-
tify the E. coli genotypes colonising the samples. ‘Entero-
bacterial Repetitive Intergenic Consensus’ sequence PCR 
will be used as genotyping methods.41 Identification of 
E. coli harbouring pks island was investigated using PCR 
methods on all CRC samples.42

Moreover, global microbiota modifications will be 
assessed using high- throughput sequencing of the bacte-
rial 16S rRNA gene DNA extracted from tissues using 
the NucleoSpin Tissue XS kit (Macherey- Nagel, Hoerdt, 
France) according to the manufacturer’s instructions. 
The V4 regions of the bacterial 16S rRNA gene will be 
amplified using 515F/806R primer pair and illumina 
high- throughput sequencing will be then performed 
on a MiSeq following the manufacturer’s guidelines. To 
complete microbiota composition with functional data, 
metabolomics and shotgun metagenomics sequencing 
methods will be performed after selection of the more 
informative samples (eg, faeces). In addition, additional 
qPCR will be performed to quantify all the well- known 
pro- carcinogenic species such as Fusobacterium nucleatum, 
E. faecalis, Bacteroides fragilis, cyclomodulin- producing E. 
coli and to detect some virulence factors such as adhesins, 
collagenase and toxins (Bacteroides fragilis toxin or the 
colibactin pks island or VacA/Fad).

objectives and endpoints
Primary and secondary objectives and endpoints
The main objective of this translational research project 
is to study the impact of the combination of innovative 
biomarkers (gut microbiota composition, body composi-
tion profile) on 3- year and 5- year OS in patients under-
going surgery for a non- metastatic sporadic CRC to 
ultimately propose a 5- year survival prognostic score.

The secondary objectives are to investigate the impact 
of such biomarkers combination on 3- year and 5- year 
CRC- related OS and DFS, recurrence rates and patterns, 
30- day medical and surgical postoperative morbidity, rein-
tervention (radiological, endoscopic and/or surgical) 
and unplanned readmissions, stay in reanimation/inten-
sive care unit, length of hospital stay, 90- day postoperative 
mortality and kinetic of both postoperative sarcopenia 
and BMI.

Eligibility criteria
All the consecutive patients scheduled for surgery for a 
biopsy proven non- metastatic sporadic CRC at our insti-
tution will be systematically proposed participation to the 
study. Absence of metastases will be double- checked on a 
preoperative thoraco- abdomino- pelvic CT scan. All patients 
must have given both an oral and written informed consent. 
Patients cannot be included due to the presence of at 
least one of the followings:<18 years old, cognitive disor-
ders or major disability, antibiotic intake within 2 months 
before CRC surgery, history of previous tumour except 
non- melanoma skin tumour, probiotics intake, inflamma-
tory bowel disease, hereditary CRC (familial adenomatous 
polyposis or hereditary non- polyposis colorectal cancer 
syndrome), preoperative bowel preparation, administra-
tion of neoadjuvant treatment, metastatic disease on the 
preoperative assessment (figure 1).

Enrolment and follow-up
All patients fulfilling the inclusion and non- inclusion criteria 
will be proposed the study at the first preoperative outpa-
tient visit (figure 1), and both oral and written information 
will be given. After oral and written informed consent has 
been obtained, patients will be enrolled. After discharge, 
follow- up will start at postoperative day 30 at the first post-
operative outpatient visit consisting in a physical examina-
tion. Oncologic follow- up will be conducted according to 
the French guidelines,43 every 3 months for 3 years, then 
every 6 months for 2 years, consisting in (1) a physical 
examination and carcinoembryonic antigen level assay and 
(2) an cross- sectional imaging. A thoraco- abdomino- pelvic 
CT scan will be performed annually for 5 years.

Patient and public involvement
Patients and public were not involved in the development 
of the research question, outcomes measures or design of 
the study. Patient care does not differ from the one usually 
carried out according to the recommendations, particularly 
for patient follow- up. Study participants will be able to find 
the results of the study in scientific publications or in confer-
ence presentations. They will not be directly informed.

statistical considerations
Estimation of sample size
Sample size estimation is based on literature about statis-
tical power and number of prognostic factors. According 
to recommendations reported by Harrell, Green and 
Hsieh et al.,44–46 we plan to include 300 patients in order 
to identify prognostic factors for 5- year survival for a 
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two- sided type I error at 5%, a statistical power greater 
than 90% and 5- year survival equals 55% for rectal cancer 
patients and 60% for colon cancer patients.

A sequential analysis will be carried out every 100 inclu-
sions in order to estimate the statistical power calculated 
from the work of Hsieh et al45 and Demidenko47 after 
estimating the number of factors actually tested and on 
the basis of preselected factors, determined according to 
univariate analysis and clinical relevance.

statistical analysis
The statistical analysis will be performed with Stata soft-
ware (V.13, StataCorp) for a two- sided type I error at 5%. 
The continuous data will be presented as mean±SD or 
median (interquartile interval) according to statistical 
distribution. The normality will be studied by the Shapiro- 
Wilk test. Since dichotomising implies loss of information 
and hence loss of statistical power,48 49continuous vari-
ables will be analysed without categorising them unless 
predefined clinical thresholds have been reported in the 
literature. The categorical variables will be presented with 
number of patients and percentages and the censored 
data will be estimated by Kaplan- Meier method.

To determine 5- year survival prognostic factors, we will 
start by univariate analyses using log- rank test for categor-
ical variables and by Cox model for continuous parame-
ters. Then, multivariable analysis will be performed using 
Cox proportional- hazards model. The covariates will be 
determined according to univariate results and to their 
clinical relevance. A particular attention will be paid to 
the study of multicollinearity and interactions between 
covariates (1) studying the relationships between the 
covariables: Student’s t- test or Mann- Whitney test will 
be considered to compare continuous variables between 
groups whereas χ2 or Fisher’s exact will be applied for the 
study of relationships between categorical parameters and 
correlation coefficient (Pearson or Spearman according 
to statistical distribution) for the study of relationships 
between quantitative variables and (2) evaluating the 
impact to add or delete variables on multivariable model. 
The proportional- hazard hypothesis will be studied using 
Schoenfeld’s test and plotting residuals. The results will 
be expressed as hazard ratios and 95% CIs and will be 
represented as a monogram. Tests of heterogeneity in risk 
associations, that is, in the relationships between tumour 
location and prognosis factors will be assessed using Wald 
test. All statistical analyses will be conducted according 
to TRIPOD recommendations,50 in particular concerning 
the proposal of a prognostic survival score at 5 years, 
which will be based, in the absence of learning and vali-
dation samples, on a bootstrap approach.

For secondary objectives, univariate statistical analyses 
will consider the statistical tests aforementioned. For 
multivariable analyses, Cox model will be replaced (1) 
by a multiple linear regression model for the hospital 
duration: the normality of residuals will be studied and 
if appropriate a transformation, for example logarithmic, 
will be proposed to achieve the normality of dependent 

outcome and (2) by generalised linear logistic regres-
sion for dichotomous dependent variables (surgical and 
medical postoperative morbidity at 30 days, postoper-
ative mortality at 90 days, anastomotic fistula rate, SSI 
rate, rehospitalisation rate). The results will be expressed 
as regression coefficients (for linear regression) and 
ORs (for logistic regression) and 95% CIs. Given the 
well- established differences between the microbiome 
between rectal and colon cancer, stratified analyses will 
be proposed. According to Consolidated Standards of 
Reporting Trials recommendations, subgroup analyses 
depending on rectal and colon cancer location will be 
proposed after the study of subgroup × randomisation 
group interaction in regression models aforementioned. 
Finally, a sensitivity analysis will be performed to study the 
statistical nature of missing data and then to use the most 
appropriate imputation data method.

EthICs And dIssEMInAtIon
Patients will be informed in a complete and fair fashion, 
in understandable terms, on objectives and constraints 
of the study, possible risks, necessary monitoring and 
safety measures, their rights to decline any participa-
tion in the study or the possibility of withdrawing at any 
time. Patient’s oral and written informed consent will be 
collected by the investigator. An intermediate analysis will 
be performed at 100 enrolled patients. Study results will 
be reported to the scientific community at conferences 
and in peer- reviewed scientific journals.

dIsCussIon
The main expected point of this study is the identification 
of specific microbial signatures associated with partic-
ular metabolic profiles (obesity, sarcopenia, MS) in CRC 
patients who could predict high risk for postoperative 
complications and/or impaired oncologic outcomes. We 
focused this study on colon and upper rectum cancers. 
Indeed, patients who received neoadjuvant radiochemo-
therapy (mid and lower rectum cancer) were excluded 
from this study because this treatment is likely to signifi-
cantly modify the intestinal microbiota before surgery 
and could thus bias our analysis.51 It will especially assess 
whether the level of colonisation by some pathogenic 
bacterial species and/or the loss of protective bacteria 
could be associated with particular metabolic profiles and 
postoperative morbidity, effectiveness of anticancer thera-
pies, development of recurrences and survival. The objec-
tive will be to validate microbial signatures first in tissues 
(tumour, colonic mucosa), and then on stool samples in 
order to obtain a non- invasive prognostic biomarker. In 
case of relevant results, this combination of innovative 
prognostic factors would therefore allow improved iden-
tification of high- risk CRC patients, leading to optimisa-
tion and personalisation of perioperative strategies, such 
as administration of adjuvant treatments and preven-
tion of postoperative complications. To the best of our 
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knowledge, no translational studies have investigated the 
combined interactions between metabolic profiles, gut 
microbiota and the surgical and oncologic outcomes after 
surgery for CRC. Therefore the METABIOTE project will 
be the first study assessing this global approach in these 
settings, and could lead to innovative and clinically rele-
vant proposals. In addition to the descriptive aspect of 
microbiota, bacterial virulence factors and microbiota 
functional data will be explored to better understanding 
host/pathogens interactions in CRC patients undergoing 
CRC surgery and in association to patients’ metabolic 
profiles. If some bacteria and virulence factors will be 
associated with postoperative complications, preclinical 
mechanistic studies could be conducted to demonstrate 
effects of these factors on intestinal physiopathology. All 
these data could thus constitute a basis for the future 
development of microbiota- targeting therapies, such as 
perioperative administration of probiotics and/or colonic 
eradication of pathogenic bacterial species, and of preha-
bilitation and enhanced recovery programmes.31 32

Author affiliations
1Department of Digestive and Hepatobiliary Surgery, University Hospital, Clermont- 
Ferrand, France
2U1071 Inserm, Clermont- Auvergne University, Clermont- Ferrand, France
3Department of Radiology, Universitary Hospital, Clermont Ferrand, France
4Georgia State University, Atlanta, Georgia, USA
5Department of Anatomopathology, Universitary Hospital, Clermont Ferrand, France
6Department of Clinical research and Innovation (DRCI), Universitary Hospital, 
Clermont Ferrand, France

Contributors JV, CC, PS, NB, DP, JG and MB conceived and designed this research 
protocol. BP developed the statistical analysis plan. KP, LC, BC, FR and CG revised 
the study protocol for intellectual content. All authors approved the final manuscript 
for publication.

Funding Authors acknowledge the support received from the Agence Nationale de 
la Recherche of the French government through the programme ‘Investissements 
d’Avenir’ (16- IDEX-0001 CAP 20-25).

Competing interests None declared.

Patient consent for publication Obtained.

Ethics approval This study protocol was reviewed and approved by an 
independent French regional review board (n°2018- A00352-53, ‘Comité de 
Protection des Personnes Ile de France VII’ on 4 July 2018, declared to the 
competent French authority (‘Agence Nationale de Sécurité du Médicament et des 
produits de santé’, France), and registered on the Clinical Trials web- based platform 
(NCT 03843905).

Provenance and peer review Not commissioned; externally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

orCId id
Julie Veziant http:// orcid. org/ 0000- 0001- 5247- 461X

rEFErEnCEs
 1 Ferlay J, Colombet M, Soerjomataram I, et al. Estimating the global 

cancer incidence and mortality in 2018: GLOBOCAN sources and 
methods. Int J Cancer 2019;144:1941–53.

 2 Walker KG, Bell SW, Rickard MJFX, et al. Anastomotic leakage is 
predictive of diminished survival after potentially curative resection 
for colorectal cancer. Ann Surg 2004;240:255–9.

 3 Ha GW, Kim JH, Lee MR. Oncologic impact of anastomotic leakage 
following colorectal cancer surgery: a systematic review and meta- 
analysis. Ann Surg Oncol 2017;24:3289–99.

 4 Lin C- C, Lin J- K, Lin T- C, et al. The prognostic role of microsatellite 
instability, codon- specific KRAS, and BRAF mutations in colon 
cancer. J Surg Oncol 2014;110:451–7.

 5 Schmoll HJ, Van Cutsem E, Stein A, et al. ESMO consensus 
guidelines for management of patients with colon and rectal cancer. 
A personalized approach to clinical decision making. Ann Oncol 
2012;23:2479–516.

 6 Yang Y, Yang Y, Yang H, et al. Adjuvant chemotherapy for 
stage II colon cancer: who really needs it. Cancer Manag Res 
2018;10:2509–20.

 7 Babcock BD, Aljehani MA, Jabo B, et al. High- risk stage II 
colon cancer: not all risks are created equal. Ann Surg Oncol 
2018;25:1980–5.

 8 O'Connor ES, Greenblatt DY, LoConte NK, et al. Adjuvant 
chemotherapy for stage II colon cancer with poor prognostic 
features. J Clin Oncol 2011;29:3381–8.

 9 Malietzis G, Currie AC, Athanasiou T, et al. Influence of body 
composition profile on outcomes following colorectal cancer surgery. 
Br J Surg 2016;103:572–80.

 10 Guyton K, Alverdy JC. The gut microbiota and gastrointestinal 
surgery. Nat Rev Gastroenterol Hepatol 2017;14:43–54.

 11 Gaines S, Shao C, Hyman N, et al. Gut microbiome influences on 
anastomotic leak and recurrence rates following colorectal cancer 
surgery. Br J Surg 2018;105:e131–41.

 12 Alverdy JC, Hyoju SK, Weigerinck M, et al. The gut microbiome and 
the mechanism of surgical infection. Br J Surg 2017;104:e14–23.

 13 Malietzis G, Johns N, Al- Hassi HO, et al. Low muscularity and 
myosteatosis is related to the host systemic inflammatory response 
in patients undergoing surgery for colorectal cancer. Ann Surg 
2016;263:320–5.

 14 Arkenbosch JHC, van Erning FN, Rutten HJ, et al. The association 
between body mass index and postoperative complications, 30- day 
mortality and long- term survival in Dutch patients with colorectal 
cancer. Eur J Surg Oncol 2019;45:160–6.

 15 Lech G, Słotwiński R, Słodkowski M, et al. Colorectal cancer tumour 
markers and biomarkers: recent therapeutic advances. World J 
Gastroenterol 2016;22:1745–55.

 16 Villéger R, Lopès A, Veziant J, et al. Microbial markers in colorectal 
cancer detection and/or prognosis. World J Gastroenterol 
2018;24:2327–47.

 17 Bonnet M, Buc E, Sauvanet P, et al. Colonization of the human 
gut by E. coli and colorectal cancer risk. Clin Cancer Res 
2014;20:859–67.

 18 Swidsinski A, Khilkin M, Kerjaschki D, et al. Association 
between intraepithelial Escherichia coli and colorectal cancer. 
Gastroenterology 1998;115:281–6.

 19 Gagnière J, Raisch J, Veziant J, et al. Gut microbiota imbalance and 
colorectal cancer. World J Gastroenterol 2016;22:501–18.

 20 Roy S, Trinchieri G. Microbiota: a key orchestrator of cancer therapy. 
Nat Rev Cancer 2017;17:271–85.

 21 Ma W, Mao Q, Xia W, et al. Gut microbiota shapes the efficiency of 
cancer therapy. Front Microbiol 2019;10:1050.

 22 Wallace BD, Wang H, Lane KT, et al. Alleviating cancer drug toxicity 
by inhibiting a bacterial enzyme. Science 2010;330:831–5.

 23 Iida N, Dzutsev A, Stewart CA, et al. Commensal bacteria 
control cancer response to therapy by modulating the tumor 
microenvironment. Science 2013;342:967–70.

 24 Viaud S, Saccheri F, Mignot G, et al. The intestinal microbiota 
modulates the anticancer immune effects of cyclophosphamide. 
Science 2013;342:971–6.

 25 Routy B, Le Chatelier E, Derosa L, et al. Gut microbiome influences 
efficacy of PD-1- based immunotherapy against epithelial tumors. 
Science 2018;359:91–7.

 26 Gopalakrishnan V, Spencer CN, Nezi L, et al. Gut microbiome 
modulates response to anti- PD-1 immunotherapy in melanoma 
patients. Science 2018;359:97–103.

 27 Bachmann R, Leonard D, Delzenne N, et al. Novel insight into the 
role of microbiota in colorectal surgery. Gut 2017;66:738–49.

 28 Maddocks ODK, Scanlon KM, Donnenberg MS. An Escherichia 
coli effector protein promotes host mutation via depletion of DNA 
mismatch repair proteins. MBio 2013;4:e00152–00113.

 29 Feliciano EMC, Kroenke CH, Meyerhardt JA, et al. Association of 
systemic inflammation and sarcopenia with survival in nonmetastatic 
colorectal cancer: results from the C scans study. JAMA Oncol 
2017;3:e172319.

 30 Cespedes Feliciano EM, Kroenke CH, Meyerhardt JA, et al. 
Metabolic dysfunction, obesity, and survival among patients with 
early- stage colorectal cancer. J Clin Oncol 2016;34:3664–71.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-031472 on 7 January 2020. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5247-461X
http://dx.doi.org/10.1002/ijc.31937
http://dx.doi.org/10.1097/01.sla.0000133186.81222.08
http://dx.doi.org/10.1245/s10434-017-5881-8
http://dx.doi.org/10.1002/jso.23675
http://dx.doi.org/10.1093/annonc/mds236
http://dx.doi.org/10.2147/CMAR.S160886
http://dx.doi.org/10.1245/s10434-018-6484-8
http://dx.doi.org/10.1200/JCO.2010.34.3426
http://dx.doi.org/10.1002/bjs.10075
http://dx.doi.org/10.1038/nrgastro.2016.139
http://dx.doi.org/10.1002/bjs.10760
http://dx.doi.org/10.1002/bjs.10405
http://dx.doi.org/10.1097/SLA.0000000000001113
http://dx.doi.org/10.1016/j.ejso.2018.09.012
http://dx.doi.org/10.3748/wjg.v22.i5.1745
http://dx.doi.org/10.3748/wjg.v22.i5.1745
http://dx.doi.org/10.3748/wjg.v24.i22.2327
http://dx.doi.org/10.1158/1078-0432.CCR-13-1343
http://dx.doi.org/10.1016/S0016-5085(98)70194-5
http://dx.doi.org/10.3748/wjg.v22.i2.501
http://dx.doi.org/10.1038/nrc.2017.13
http://dx.doi.org/10.3389/fmicb.2019.01050
http://dx.doi.org/10.1126/science.1191175
http://dx.doi.org/10.1126/science.1240537
http://dx.doi.org/10.1126/science.aan3706
http://dx.doi.org/10.1126/science.aan4236
http://dx.doi.org/10.1136/gutjnl-2016-312569
http://dx.doi.org/10.1128/mBio.00152-13
http://dx.doi.org/10.1001/jamaoncol.2017.2319
http://dx.doi.org/10.1200/JCO.2016.67.4473
http://bmjopen.bmj.com/


8 Veziant J, et al. BMJ Open 2020;10:e031472. doi:10.1136/bmjopen-2019-031472

Open access 

 31 Brown JC, Meyerhardt JA. Obesity and energy balance in Gi cancer. 
J Clin Oncol 2016;34:4217–24.

 32 Prado CMM, Lieffers JR, McCargar LJ, et al. Prevalence and clinical 
implications of sarcopenic obesity in patients with solid tumours of 
the respiratory and gastrointestinal tracts: a population- based study. 
Lancet Oncol 2008;9:629–35.

 33 Ulrich CM, Gigic B, Böhm J, et al. The ColoCare study: a paradigm 
of Transdisciplinary science in colorectal cancer outcomes. Cancer 
Epidemiol Biomarkers Prev 2019;28:591–601.

 34 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture 
(REDCap)—a metadata- driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009;42:377–81.

 35 Clinical guidelines on the identification, evaluation, and treatment of 
overweight and obesity in adults. WMJ 1998;97:20-1, 24-5, 27-37.

 36 Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults. Executive summary of the third report of the 
National cholesterol education program (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in 
adults (adult treatment panel III). JAMA 2001;285:2486–97.

 37 Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien–Dindo 
classification of surgical complications: five- year experience. Ann 
Surg 2009;250:187–96.

 38 Rahbari NN, Weitz J, Hohenberger W, et al. Definition and grading 
of anastomotic leakage following anterior resection of the rectum: a 
proposal by the International Study group of rectal cancer. Surgery 
2010;147:339–51.

 39 Chapuis PH, Bokey L, Keshava A, et al. Risk factors for prolonged 
ileus after resection of colorectal cancer: an observational study of 
2400 consecutive patients. Ann Surg 2013;257:909–15.

 40 American College of Surgeons and Surgical Infection Society. 
Surgical site infection guidelines. Update 2016.

 41 Versalovic J, Koeuth T, Lupski JR. Distribution of repetitive DNA 
sequences in eubacteria and application to fingerprinting of bacterial 
genomes. Nucleic Acids Res 1991;19:6823–31.

 42 Gagnière J, Bonnin V, Jarrousse A- S, et al. Interactions between 
microsatellite instability and human gut colonization by Escherichia 
coli in colorectal cancer. Clin Sci 2017;131:471–85.

 43 Lecomte T, André T, Bibeau F, et al. Cancer Du côlon non 
métastatique. Thésaurus national de Cancérologie digestive, Janvier 
2019.

 44 Green SB. How many subjects does it take to do a regression 
analysis. Multivariate Behav Res 1991;26:499–510.

 45 Hsieh FY, Bloch DA, Larsen MD. A simple method of sample 
size calculation for linear and logistic regression. Stat Med 
1998;17:1623–34.

 46 Harrell FE, Lee KL, Mark DB. Multivariable prognostic models: 
issues in developing models, evaluating assumptions and 
adequacy, and measuring and reducing errors. Stat Med 
1996;15:361–87.

 47 Demidenko E. Sample size determination for logistic regression 
revisited. Stat Med 2007;26:3385–97.

 48 Royston P, Altman DG, Sauerbrei W. Dichotomizing continuous 
predictors in multiple regression: a bad idea. Stat Med 
2006;25:127–41.

 49 Altman DG, Royston P. The cost of dichotomising continuous 
variables. BMJ 2006;332.

 50 Moons KGM, Altman DG, Reitsma JB, et al. Transparent reporting 
of a multivariable prediction model for individual prognosis or 
diagnosis (TRIPOD): explanation and elaboration. Ann Intern Med 
2015;162:W1–73.

 51 Gerassy- Vainberg S, Blatt A, Danin- Poleg Y, et al. Radiation 
induces proinflammatory dysbiosis: transmission of inflammatory 
susceptibility by host cytokine induction. Gut 2018;67:97–107.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-031472 on 7 January 2020. D

ow
nloaded from

 

http://dx.doi.org/10.1200/JCO.2016.66.8699
http://dx.doi.org/10.1016/S1470-2045(08)70153-0
http://dx.doi.org/10.1158/1055-9965.EPI-18-0773
http://dx.doi.org/10.1158/1055-9965.EPI-18-0773
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/9810255
http://dx.doi.org/10.1001/jama.285.19.2486
http://dx.doi.org/10.1097/SLA.0b013e3181b13ca2
http://dx.doi.org/10.1097/SLA.0b013e3181b13ca2
http://dx.doi.org/10.1016/j.surg.2009.10.012
http://dx.doi.org/10.1097/SLA.0b013e318268a693
http://dx.doi.org/10.1093/nar/19.24.6823
http://dx.doi.org/10.1042/CS20160876
http://dx.doi.org/10.1207/s15327906mbr2603_7
http://dx.doi.org/10.1002/(SICI)1097-0258(19980730)17:14<1623::AID-SIM871>3.0.CO;2-S
http://dx.doi.org/10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
http://dx.doi.org/10.1002/sim.2771
http://dx.doi.org/10.1002/sim.2331
http://dx.doi.org/10.1136/bmj.332.7549.1080
http://dx.doi.org/10.1136/gutjnl-2017-313789
http://bmjopen.bmj.com/

	Prognostic value of a combination of innovative factors (gut microbiota, sarcopenia, obesity, metabolic syndrome) to predict surgical/oncologic outcomes following surgery for sporadic colorectal cancer: a prospective cohort study protocol (METABIOTE)
	Abstract
	Introduction
	Methods
	Study design and setting
	Body composition profile assessment: obesity, MS and sarcopenia determination
	To define these parameters, different measures and dosages will be performed
	According to the examinations carried out and described above

	CRC features and postoperative outcomes
	Gut microbiota composition

	Objectives and endpoints
	Primary and secondary objectives and endpoints

	Eligibility criteria
	Enrolment and follow-up
	Patient and public involvement
	Statistical considerations
	Estimation of sample size

	Statistical analysis

	Ethics and dissemination
	Discussion
	References


