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Abstract
Background: Despite a considerable amount of epidemiological research for identification of risk factors involved
in the development of colorectal cancer, the current understanding of the etiology of this disease remains rather
poor.
Accumulating evidence suggests a potentially important role of infection with Fusobacterium nucleatum in the
colon in colorectal carcinogenesis. The objective of this systematic review is to synthesize the epidemiological
evidence on the association between infection with Fusobacterium nucleatum in the colon and colorectal cancer.
Methods: This systematic review will include observational studies (cohort, case-control, cross-sectional) in
humans in which the role of Fusobacterium nucleatum in the etiology of colorectal cancer was investigated.
MEDLINE, EMBASE, Web of Science, and Cochrane Database of Systematic Reviews will be searched using a
comprehensive search strategy and manual screening of references. Two reviewers will independently identify
eligible studies and extract the data from the included studies. The quality of studies will be assessed by
using the Newcastle-Ottawa scale. Random-effects models will be used to estimate pooled measures of
association (where feasible). Meta-regression and subgroup analyses will be conducted to explore the
potential sources of heterogeneity. The Meta-Analysis of Observational Studies in Epidemiology (MOOSE)
guidelines and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
will be followed for reporting.
Discussion: Deepening knowledge regarding the etiology of colorectal cancer and the potential implications
of Fusobacterium nucleatum in this disease is instrumental for prevention, diagnosis, and treatment of this
often-fatal disease. This review will produce summarized current evidence on this topic.
Systematic review registration: This systematic review protocol has been registered with the International
Prospective Register of Systematic Reviews (PROSPERO) on 10 July 2018 (registration number
CRD42018095866).
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Background
Rationale

In 2012, over a million new cases of colorectal cancer
(CRC) and more than half a million deaths due to CRC
were estimated to occur globally [1]. Of cancers that
affect both men and women, CRC is the third most
commonly diagnosed malignancy and the fourth most
fatal in the world [2]. The numbers of new cases of CRC
and CRC deaths are expected to increase to 60% by
2030 [2].
The etiology of CRC is widely recognized as being
multifactorial [3, 4], and previous research has suggested
that modification of environmental and lifestyle factors
can lead to important changes in cancer risk [5, 6]. Still,
according to comprehensive reviews of the available evidence conducted by expert panels from the American
Institute for Cancer Research and the World Cancer Research Fund, the overall evidence for the causal nature
of the association with CRC is considered convincing for
only some of the previously suggested factors, namely,
excess body fat, consuming processed meats and red
meat, physical inactivity, cigarette smoking, and alcohol
consumption [7]. For the majority of the putative risk
factors, the level of evidence is considered either fair or
inadequate [7–10]. Thus, identification of modifiable risk
factors that could serve as targets for preventive interventions is a current public-health priority.
In the past few years, advances in high-throughput sequencing technologies have led to important discoveries
on the role of gut microbial dysbiosis and specifically, of
Fusobacterium nucleatum (F. nucleatum) in colorectal
carcinogenesis [11–21]. F. nucleatum is a Gram-negative, non-spore-forming anaerobic bacterium commonly
found in saliva and oral biofilm [18, 22, 23] . It is one of
the dominant species of more than 500 organisms of the
oral cavity and has five subspecies with different specific
genome sequences [24–31]. This invasive proinflammatory agent is involved in the pathogenesis of periodontal
diseases [22] as well as of other oral [32] and extra-oral
infections [33, 34]. F. nucleatum can independently invade host cells via surface adhesins and invasion molecules such as FadA [21, 35]. Importantly, once
disseminated outside the oral cavity, FadA activates proinflammatory and oncogenic signals and stimulates the
growth of epithelial cells. Human studies have demonstrated that the FadA gene level in CRC tissue is higher
than in normal tissue and is correlated with expression
of inflammatory genes [21]. Furthermore, a recent study
found a strong correlation between F. nucleatum and
proinflammatory markers such as COX-2, IL-8, IL-6,
IL1ß, and TNF-α in CRC [15]. This evidence suggests
that colonization resistance of the healthy gut can be
disrupted by bacterial species that trigger a systematic
inflammatory response, such as seen in periodontal
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disease. In a study by Dejea et al. [36], the rate of CRC
occurrence was more than five times as high in individuals with gut bacterial biofilms as in those without them
[36]. Interestingly, the gut bacterial biofilm composition
and invasiveness were similar to those found in oral biofilm in periodontal disease, with Fusobacteria being a
dominant species [36].
F. nucleatum is now considered to be a pathogenic
bacterium of the gut that can invade the colorectal
submucosa and epithelium. Various studies have shown
an overabundance of F. nucleatum in tumors and fecal
samples [37] of CRC patients [15, 17, 19–21, 38] .
Additionally, some studies have demonstrated that levels
of F. nucleatum increased in parallel with the transition
from healthy colorectal tissue to adenomas and finally to
CRC [39–41]. F. nucleatum levels in cancerous colorectal tissue have also been shown to serve as a prognostic
indicator in CRC [11, 39, 42]. In vitro and in vivo studies
showed that F. nucleatum interrupts oncogene signaling
and cell–cell adhesion and inhibits the anti-tumor activities of natural killer and cytotoxic T cells as well as
anti-tumor immunity [38, 43]. Increased levels of F.
nucleatum have been shown to be associated with
microsatellite instability and molecular subsets of CRCs
such as the CpG island methylator phenotype [11, 44].
Decreased expression of MLH1, a primary cause of
microsatellite instability, was found in samples abundant
in F. nucleatum [13, 42]. Other markers of poor prognosis such as KRAS and BRAF are also overexpressed in
samples rich in F. nucleatum [13, 45, 46]. Moreover,
CRC patients have been found to have an increased level
of serum anti-F. nucleatum antibodies [47].
The literature on the association between F. nucleatum and CRC is growing but has not yet been systematically reviewed to date. We aim to conduct a systematic
review of observational studies on the association
between F. nucleatum and CRC.
Objectives

The aim of this review is to systematically identify,
review, and assess the quality of available literature on
the association between F. nucleatum and CRC. The
findings of this systematic review will help answer the
following question: does F. nucleatum play a role in the
etiology of CRC? If feasible, a meta-analysis will be conducted to estimate pooled measures of association
between F. nucleatum and CRC.

Methods
The protocol has been developed in accordance with the
preferred reporting items for systematic review and
meta-analysis protocols 2015 (PRISMA-P) [48, 49],
which is available in Additional file 1. However, as at
issue in this review is the topic of disease etiology (rather
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than intervention effects), the PICO format will be
replaced by PECO (population, exposure, control, outcome), as detailed in the MOOSE (the Meta-analysis of
Observational Studies in Epidemiology) guidelines [50].
Eligibility criteria

Studies will be selected according to the following
criteria:
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publications considered. The electronic literature search
will be complemented by hand searching the list of references in the identified publications or relevant reviews.
NICE Evidence and TRIP database will be searched for
gray literature using subject keywords. Ongoing studies
(which have not resulted in publications on the topic at
issue) will not be considered in the review.
Search strategy

Study design

Original observational research studies that address the
association between F. nucleatum and CRC will be included in this review. This includes cohort studies,
case-control studies, and cross-sectional studies. Case
reports, position papers, and reviews will be excluded
from the current review.
Participants/population

The population of interest will be unrestricted in terms
of age, sex, ethnicity, socioeconomic status, occupation,
or history of other diseases.
Exposure

The review will consider the exposure of interest, the F.
nucleatum infection in the colon. Ascertainment of this
infection should be based on tests such as quantitative
polymerase chain reaction (qPCR), 16S rRNA gene
sequencing, or fluorescence in situ hybridization (FISH).
Comparator

The comparator category will be the absence of the F.
nucleatum infection in the colon.
Outcomes

The outcome of interest will be the presence of CRC,
based on clinically confirmed diagnosis (i.e., cancer
registry, hospital, or doctors’ records).
Setting and language

There will be no restriction by study setting. Englishand French-language publications will be considered for
full-text analysis in this systematic review, and eligible
articles in other languages will be translated using
Google Translate.

Using medical subject headings (MeSH), EMTREEs and
text words related to the field of the study, the research
team has developed a draft version of literature search
strategies with the help of an expert librarian at Université de Montréal (Additional file 2). This draft of the
MEDLINE search strategy will be finalized and adapted
to the other databases using the proper syntax, subject
headings, and controlled vocabulary considering maximized sensitivity of the search. In order to maximize the
yield of the search strategy, no language restrictions in
the search strategy will be used. Hand searching the list
of references in the identified publications, NICE
Evidence and TRIP database will be done to identify the
relevant articles in the gray literature. The PROSPERO
will be searched for recently completed systematic
reviews on the topic. The references of relevant studies
will be verified for relevant publications.
Study records
Data management, selection, and data collection process

Data will be collected using EndNote software and a
pre-designed data collection form. The reliability of data
selection process will be pilot tested in 10% of randomly
included articles, and Cohen’s kappa will be calculated
to assess the inter-reviewer (AIJ, EE) agreement on study
eligibility. Two independent reviewers (AIJ, EE) will
screen all retrieved titles and abstracts using the eligibility criteria. In the case of incomplete information provided by the title and abstract, the full text will be used
to determine the study’s eligibility to be included for the
study. In the case of multiple reports of the same study,
the most recent article will be included in the review.
Disagreements between the two reviewers will be
resolved by discussion and resolved through consensusseeking. If an agreement cannot be achieved, the opinion
of a third reviewer (IK) will be sought.

Information sources

An electronic literature search will be conducted in the
following databases: MEDLINE (OVID interface, 1946
onwards), EMBASE (OVID interface, 1974 onwards),
Web of Science, and Cochrane Database of Systematic
Reviews (CDSR). Since the vast majority of research
conducted on this topic has been carried out in the past
10 years, the start date for the literature search will not
be limited in order to maximize the number of

Data items

The data will be extracted independently by two
reviewers (AIJ, EE) from the full text of the included
studies. The extracted information will include authors,
country, year of publication, aim of the study, study
design, sample size, study participants’ characteristics
(age, sex, the stage of CRC for cases), study population,
exposure description, the technique used to quantify the
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exposure, type and number of controls, and the number
of F. nucleaum-positive, as well as the main results. In
the case of insufficient data, we will contact authors via
email for additional information. If the missing data cannot be rectified by author contact, we will use narrative
approaches to describe the major findings.

Evaluation (GRADE) approach will be used to evaluate
the level of evidence of all studies.

Outcomes and prioritization

Discussion
This systematic review will assess the role of F. nucleatum
in the etiology of CRC. Specifically, we will identify, assess,
and synthesize the available evidence from published
observational studies on the role played by F. nucleatum
infestation in the colon in the development of CRC.
Caution will have to be taken when interpreting the
results of this systematic review. We are aware that observational studies are subject to a high risk of bias due
to potential outcome confounding. In addition, if the
heterogeneity of the studies is high, this may preclude
obtaining a meaningful pooled estimate of the association of interest (or introduce challenges in interpreting
a pooled estimate of the association).
Despite the above limitations, we expect that the systematic review proposed here will be of high scientific
and pragmatic value. The study aims to facilitate achieving a comprehensive and up-to-date understanding of
the association between F. nucleatum and CRC. To our
knowledge, our systematic review will be the first to
synthesize the available evidence on this association.
Findings from this study could help pave the way for the
development of new methods of prevention, diagnosis,
and treatment of CRC.

As stated in the outcomes section, colorectal cancer will
be the study outcome.
Risk of bias and level of evidence

Two reviewers will independently assess the risk of bias
of the eligible studies using the Newcastle-Ottawa scale
(NOS) [51]. This 8-item scale allows to assess the quality
of the articles based on the selection of the study groups;
the comparability of the groups; and the ascertainment of
either the exposure or outcome of interest for case-control
or cohort studies, respectively. Disagreement will be resolved by consultation with a third reviewer.
We will also evaluate the level of evidence of all
studies according to the Oxford Level of Evidence [52].

Data synthesis
We will use two approaches for data synthesis. The
descriptive synthesis will be conducted according to the
Centre for Reviews and Dissemination [53] and will include text and tables to summarize the characteristics of
the findings and explain the findings. Where feasible
(availability of two or more studies with similar study
design, estimates of ‘relative’ measures of association
(risk ratio, incidence-odds ratio, rate ratio, hazard ratio,
prevalence ratio, prevalence-odds ratio) and their corresponding measures of imprecision (standard error, confidence interval)), the data will be pooled using a
random-effects model.
Heterogeneity across studies will be tested using
Cochran’s Q and the I2 statistic. To examine the potential sources of heterogeneity (due to personal characteristics, study design, etc.) across the studies, subgroup
analyses and meta-regression will be conducted. We will
use the Comprehensive Meta-Analysis Version 2 to conduct the meta-analysis [4].
Meta-biases

The potential publication bias will be assessed by funnel
plots [54]. Tests for funnel plot asymmetry will be conducted if the number of studies included in the
meta-analysis is more than 10 [55].
Confidence in cumulative evidence

The Oxford Level of Evidence [56, 57] and The Grading
of Recommendations Assessment, Development, and

Differences between the protocol and the review

Any deviations from the protocol due to unanticipated
issues will be reported in the final review [58].

Additional files
Additional file 1: PRISMA-P 2015 Checklist. (DOCX 35 kb)
Additional file 2: MEDLINE search strategy. (DOCX 13 kb)

Abbreviations
CDSR: Cochrane Database of Systematic Reviews; CRC: Colorectal cancer; F.
nucleatum: Fusobacterium nucleatum; FISH: Fluorescence in situ
hybridization; GRADE: Grading of Recommendations Assessment,
Development, and Evaluation; MOOSE: Meta-Analysis of Observational
Studies in Epidemiology; NOS: Newcastle-Ottawa scale; PRISMA: Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; PRISMAP: Preferred Reporting Items for Systematic Reviews and Meta-Analyses protocols; PROSPERO: Prospective Register of Systematic Reviews;
qPCR: Quantitative polymerase chain reaction
Acknowledgements
Dr. Emami’s research is supported by the Fonds de Recherche Quebec–Santé
(Établissement de jeunes chercheurs cliniciens) as well as Canadian Institutes
of Health Research. Additional funding was also provided by a doctoral
training scholarship through the Fonds de recherche du Québec.
Amendments
If amendments need to be made to this protocol, we will give the date of
each amendment, describe the change and provide the rationale in this
section.

Idrissi Janati et al. Systematic Reviews

(2019) 8:114

Page 5 of 6

Funding
No external funding.

9.

Availability of data and materials
Not applicable.

10.

Authors’ contributions
All authors have made significant contributions to this systematic review
protocol. As a first author, AIJ has developed this review protocol and
conducted the preliminary literature review. She designed the search
strategy with an expert librarian at Université de Montréal. She will extract
the data with EE. EE as the corresponding author will coordinate all aspects
of the study. She has collaborated in the protocol development and writing
the protocol and will be involved in the data collection and data analysis
and interpretation of the results. IK was involved in the protocol
development and will contribute to data analysis and data interpretation. HS
and RP were involved in the drafting of this manuscript. All the authors
revised the manuscript and approved the final version.
Ethics approval and consent to participate
Not applicable.

11.
12.

13.

14.

15.

16.
Consent for publication
Not applicable.
17.
Competing interests
The authors declare that they have no competing interests.

18.
19.

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

20.
21.

Author details
1
Faculté de Médecine Dentaire, Université de Montréal, C.P. 6128, Succursale
Centre-Ville, Montréal, Québec H3C 3J7, Canada. 2Department of
Epidemiology and Biostatistics, Schulich School of Medicine and Dentistry,
University of Western Ontario, 1151, Richmond St., Kresge Building, Room
K214, London, Ontario N6A 5C1, Canada. 3Department of Social and
Preventive Medicine, School of Public Health, Université de Montréal,
Montreal, Canada. 4Department of Psychology, Concordia University,
Montreal, Canada. 5Faculty of Dentistry, McGill University, Montreal, Canada.
6
Department of Restorative Dentistry, Faculty of Dentistry, McGill University,
2001 McGill College Avenue, Suite 500, Montreal, QC H3A 1G1, Canada.

22.
23.

24.

25.

Received: 2 December 2018 Accepted: 23 April 2019
26.
References
1. Ferlay JSEM, Dikshit R, et al. Cancer incidence and mortality worldwide: IARC
CancerBase. In: GLOBOCAN 2012 v10 V. Lyon: International Agency for
Research on Cancer; 2013.
2. Arnold M, Sierra MS, Laversanne M, et al. Global patterns and trends in
colorectal cancer incidence and mortality. Gut. 2017;66(4):683–91.
3. Grady WM, Markowitz SD. The molecular pathogenesis of colorectal cancer
and its potential application to colorectal cancer screening. Dig Dis Sci.
2015;60(3):762–72.
4. Mundade R, Imperiale TF, Prabhu L, Loehrer PJ, Lu T. Genetic pathways,
prevention, and treatment of sporadic colorectal cancer. Oncoscience. 2014;
1(6):400–6.
5. Aleksandrova K, Pischon T, Jenab M, et al. Combined impact of healthy
lifestyle factors on colorectal cancer: a large European cohort study. BMC
Med. 2014;12(1):168.
6. Marshall JR. Prevention of colorectal cancer: diet, chemoprevention, and
lifestyle. Gastroenterol Clin N Am. 2008;37(1):73–82 vi.
7. World Cancer Research Fund International/American Institute for Cancer
Research. Continuous update project report: diet, nutrition, physical activity
and colorectal Cancer; 2017.
8. National Cancer Institute Cancer of the colon and rectum. “http://www.
cancer.gov/cancertopics/types/colon-and-rectal”. Accessed 2017.

27.

28.

29.

30.

31.

32.
33.

34.

Vano YA, Rodrigues MJ, Schneider SM. Epidemiological link between eating
habits and cancer: the example of colorectal cancerBull Cancer. 2009;96(6):
647–58.
World Cancer Research Fund International Dutch Review Team the associations
between food, nutrition and physical activity and the risk of colorectal cancer
and underlying mechanisms. The Netherlands: American Institute for Cancer
Research 2006. “http://www.dietandcancerreport.org/”. Accessed 2017.
Mima K, Nishihara R, Qian ZR, et al. Fusobacterium nucleatum in colorectal
carcinoma tissue and patient prognosis. Gut. 2016;65(12):1973–80.
Yang Y, Weng W, Peng J, et al. Fusobacterium nucleatum Increases
Proliferation of Colorectal Cancer Cells and Tumor Development in Mice by
Activating Toll-Like Receptor 4 Signaling to Nuclear Factor-kappaB, and UpregulatingExpression of MicroRNA-21. Gastroenterol. 2017;152(4):851–866.e24.
Ito M, Kanno S, Nosho K, et al. Association of Fusobacterium nucleatum with
clinical and molecular features in colorectal serrated pathway. Int J Cancer. 2015;
137(6):1258–68.
Bashir A, Miskeen AY, Bhat A, Fazili KM, Ganai BA. Fusobacterium nucleatum:
an emerging bug in colorectal tumorigenesis. Eur J Cancer Prev. 2015;24(5):
373–85.
Kostic AD, Chun E, Robertson L, et al. Fusobacterium nucleatum potentiates
intestinal tumorigenesis and modulates the tumor-immune
microenvironment. Cell Host Microbe. 2013;14(2):207–15.
Kostic AD, Gevers D, Pedamallu CS, et al. Genomic analysis identifies
association of fusobacterium with colorectal carcinoma. Genome Res. 2012;
22(2):292–8.
Allen-Vercoe E, Jobin C. Fusobacterium and Enterobacteriaceae: important
players for CRC? Immunol Lett. 2014;162(2PA):54–61.
Allen-Vercoe E, Strauss J, Chadee K. Fusobacterium nucleatum: an emerging
gut pathogen? Gut Microbes. 2011;2(5):294–8.
Warren RL, Freeman DJ, Pleasance S, et al. Co-occurrence of anaerobic
bacteria in colorectal carcinomas. Microbiome. 2013;1(1):16.
Castellarin M, WR L, Freeman JD, et al. Fusobacterium nucleatum infection is
prevalent in human colorectal carcinoma. Genome Res. 2012;22(2):299–306.
Rubinstein MR, Wang X, Liu W, et al. Fusobacterium nucleatum promotes
colorectal carcinogenesis by modulating E-cadherin/ß-catenin signaling via
its FadA Adhesin. Cell Host Microbe. 2013;14(2):195–206.
Han YW. Fusobacterium nucleatum: a commensal-turned pathogen. Curr
Opin Microbiol. 2015;23C:141–7.
Shet UK, Oh HK, Kim HJ, et al. Quantitative analysis of periodontal
pathogens present in the saliva of geriatric subjects. J Periodontal Implant
Sci. 2013;43(4):183–90.
Karpathy SE, Qin X, Gioia J, et al. Genome sequence of fusobacterium
nucleatum subspecies polymorphum - a genetically tractable
fusobacterium. PLoS One. 2007;2(7):e659.
Park SN, Cho E, Kim HS, et al. Draft genome sequence of fusobacterium
nucleatum subsp. animalis ChDC F324, isolated from a human subgingival
plaque in the Republic of Korea. Genome Announc. 2013;1(6).
Park SN, Kong SW, Park MS, et al. Draft genome sequence of fusobacterium
nucleatum subsp. fusiforme ATCC 51190T. J Bacteriol. 2012;194(19):5445–6.
Park SN, Cho E, Kim HS, et al. Draft genome sequence of fusobacterium
nucleatum subsp. nucleatum ChDC F316, isolated from a human periimplantitis lesion in the Republic of Korea. Genome Announc. 2013;1(6).
Park SN, Cho E, Kim HS, et al. Draft genome sequence of fusobacterium
nucleatum subsp. vincentii ChDC F8, isolated from a human subgingival
plaque in the Republic of Korea. Genome Announc. 2013;1(6).
Kapatral V, Ivanova N, Anderson I, et al. Genome analysis of F. nucleatum
sub spp vincentii and its comparison with the genome of F. nucleatum
ATCC 25586. Genome Res. 2003;13(6A):1180–9.
Park SN, Kong SW, Kim HS, et al. Draft genome sequence of fusobacterium
nucleatum ChDC F128, isolated from a periodontitis lesion. J Bacteriol. 2012;
194(22):6322–3.
Kapatral V, Anderson I, Ivanova N, et al. Genome sequence and analysis of
the oral bacterium fusobacterium nucleatum strain ATCC 25586. J Bacteriol.
2002;184(7):2005–18.
Signat B, Roques C, Poulet P, Duffaut D. Fusobacterium nucleatum in
periodontal health and disease. Curr Issues Mol Biol. 2011;13:25–36.
Swidsinski A, Dörffel Y, Loening-Baucke V, et al. Acute appendicitis is
characteriszed by local invasion withFusobacterium nucleatum/
necrophorum. Gut. 2011;60:34–40.
Han YW, Wang X. Mobile microbiome: Oral Bacteria in extra-oral infections
and inflammation. J Dent Res. 2013;92(6):485–91.

Idrissi Janati et al. Systematic Reviews

(2019) 8:114

35. Keku TO, McCoy AN, Azcarate-Peril AM. Fusobacterium spp. and colorectal
cancer: cause or consequence? Trends Microbiol. 2013;21(10):506–8.
36. Dejea CM, Wick EC, Hechenbleikner EM, et al. Microbiota organization is a
distinct feature of proximal colorectal cancers. Proc Natl Acad Sci U S A.
2014;111(51):18321–6.
37. Gao Z, Guo B, Gao R, Zhu Q, Qin H. Microbiota disbiosis is associated with
colorectal cancer. Front Microbiol. 2015;6:20.
38. Sears CL, Garrett WS. Microbes, microbiota, and colon cancer. Cell Host
Microbe. 2014;15(3):317–28.
39. Flanagan L, Schmid J, Ebert M, et al. Fusobacterium nucleatum associates
with stages of colorectal neoplasia development, colorectal cancer and
disease outcome. Eur J Clin Microbiol Infect Dis. 2014;33(8):1381–90.
40. McCoy AN, Araujo-Perez F, Azcarate-Peril A, et al. Fusobacterium is
associated with colorectal adenomas. PLoS One. 2013;8(1):e53653.
41. Yu YN, Yu TC, Zhao HJ, et al. Berberine may rescue fusobacterium
nucleatum-induced colorectal tumorigenesis by modulating the tumor
microenvironment. Oncotarget. 2015;6(31):32013–26.
42. Wei Z, Cao S, Liu S, et al. Could gut microbiota serve as prognostic
biomarker associated with colorectal cancer patients’ survival? A pilot study
on relevant mechanism. Oncotarget. 2016;7(29):46158–72.
43. Whitmore SE, Lamont RJ. Oral bacteria and cancer. PLoS Pathog. 2014;10(3):
e1003933.
44. Tahara T, Shibata T, Kawamura T, et al. Fusobacterium detected in colonic
biopsy and clinicopathological features of ulcerative colitis in Japan. Dig Dis
Sci. 2015;60(1):205–10.
45. Roth AD, Tejpar S, Delorenzi M, et al. Prognostic role of KRAS and BRAF in
stage II and III resected colon cancer: results of the translational study on the
PETACC-3, EORTC 40993, SAKK 60-00 trial. J Clin Oncol. 2010;28(3):466–74.
46. Therkildsen C, Bergmann TK, Henrichsen-Schnack T, Ladelund S, Nilbert M.
The predictive value of KRAS, NRAS, BRAF, PIK3CA and PTEN for anti-EGFR
treatment in metastatic colorectal cancer: a systematic review and metaanalysis. Acta Oncol. 2014;53(7):852–64.
47. Wang HF, Li LF, Guo SH, et al. Evaluation of antibody level against
fusobacterium nucleatum in the serological diagnosis of colorectal cancer.
Sci Rep. 2016;6:33440.
48. Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration
and explanation. Bmj. 2015;350:g7647.
49. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.
Syst Rev. 2015;4:1.
50. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies
in epidemiology: a proposal for reporting. Meta-analysis of observational
studies in epidemiology (MOOSE) group. Jama. 2000;283(15):2008–12.
51. Wells GA SB, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. 2004. "http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp".
52. Soder B, Yakob M, Meurman JH, et al. Periodontal disease may associate
with breast cancer. Breast Cancer Res Treat. 2011;127(2):497–502.
53. Centre for Reviews and Dissemination. Systematic reviews. CRD's guidance
for undertaking reviews in health care. York: Centre for Reviews and
Dissemination: University of York; 2009.
54. Sutton AJ, Duval SJ, Tweedie RL, Abrams KR, Jones DR. Empirical assessment
of effect of publication bias on meta-analyses. Bmj. 2000;320(7249):1574–7.
55. Higgins JPT GSe Cochrane handbook for systematic reviews of interventions
version 5.1.0 [updated March 2011]. 2011. “http://handbook.cochrane.org”.
Accessed 2017.
56. OCEBM levels of evidence working group the Oxford 2011 levels of
evidence. Oxford Centre for Evidence-Based Medicine. “http://www.cebm.
net/index.aspx?o=5653”. Accessed 2017.
57. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. IntroductionGRADE evidence profiles and summary of findings tables. J Clin Epidemiol.
2011;64(4):383–94.
58. Silagy CA, Middleton P, Hopewell S. Publishing protocols of systematic
reviews: comparing what was done to what was planned. JAMA. 2002;
287(21):2831–4.

Page 6 of 6

