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Abstract: There is growing evidence indicating that the oral microbiota, specifically certain periodon-
topathogens such as Fusobacterium nucleatum, may play a role in the development of colorectal cancer
and that it could potentially be used as a biomarker for diagnosing colorectal cancer (CRC). The
question beneath this systematic review is whether the development or progression of colorectal
cancer can be attributed to the presence of certain oral bacteria, which could be used for discovering
non-invasive biomarkers for CRC. This review aims to give an overview of the actual status of pub-
lished studies regarding the oral pathogens related to colorectal cancer and assess the effectiveness
of the oral microbiome derived biomarkers. A systematic literature search was performed using
four databases, Web of Science, Scopus, PubMed, and Science Direct, on the 3rd and 4th of March
2023. The studies that did not have matching inclusion/exclusion criteria were winnowed out. A
total of fourteen studies were included. The risk of bias was performed by using QUADAS-2. After
assessing the studies, the general conclusion is that oral microbiota-based biomarkers can become a
promising non-invasive tool for detecting CRC, but further research is needed in order to determine
the mechanisms of oral dysbiosis in colorectal carcinogenesis.

Keywords: colorectal cancer; oral microbiota; biomarker; periodontal pathogens

1. Introduction

Colorectal cancer (CRC) represents a public health concern, its incidence being on
the 3rd place worldwide in men and 2nd in women, according to World Cancer Research
Fund International, representing 10.7% of all cancers. In 2020, in Romania, the highest
cancer rate for men and women combined was at 255.9 people per 100,000. Regarding the
overall mortality rate from CRC in 2020, Romania is in the 9th place on a global scale [1].
A few studies have investigated the association between oral pathogens and the onset of
colorectal cancer.

When CRC is detected in early stages, the five-year survival rate is over 80%, while,
during advanced stages, this rate drops below 10% [2]. The fecal immunochemical test (FIT),
used as a non-invasive screening method, is implemented to find high-risk individuals.
However, the sensitivity of FIT is low, and it could misplace one-third of CRC from early
stages [3]. The guaiac fecal occult blood test (gFOBT) is a fast, non-invasive test that has
limited sensitivity for advanced colorectal neoplasms [4]. The FIT-DNA test even has a
higher rate of false positive results [5,6]. For these reasons, more reliable biomarkers are
required in addition to the existing ones.

The largest and most complex group of bacteria that inhabit the human body are
found within the human gastrointestinal tract [7]. Generally, these bacteria are considered
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commensal or symbiotic. There is increasing evidence to support the hypothesis that the
human gut microbiome may have a significant impact on the role in the development and
progression of cancer, as well as the effectiveness of cancer treatments [8–14].

The quantity of saliva produced per day by an adult is on average over 1000 mL of
saliva and almost all of it enters the gastrointestinal tract, this being inoculated daily by
approximately 1011 bacteria from the oral cavity, many of them proven to be detected also
in the fecal microbiota of approximately 45% tested individuals [15,16].

Heightening evidence shows that the oral microbiome is capable of ectopic coloniza-
tion and can produce a wide range of microbial metabolites that have the potential to
promote carcinogenesis through modulation of pathways related to energy homeostasis,
food intake, and immunologic balance [17–19]. The gut microbial composition and function
can be influenced by numerous environmental factors, including diet and lifestyle. These
alterations may affect host gene expression, metabolic regulation, and local and systemic
immune responses, potentially impacting cancer development. [20] Microbes are known
to act as chemical converters, metabolizing nutrients acquired from the diet or the ones
produced by the host organism [21]. The metabolites produced by the bacterial activity
can influence the development of tumors and promote genotoxicity or tumor suppression
through different mechanisms [22]. Consequently, oral microbial communities can have
an impact on the structure of the gut microbial community [23]. The term “microbiota
dysbiosis” refers to changes in bacterial composition [24], and investigating both oral
and intestinal microbiota is highly significant for understanding the mechanisms behind
colorectal cancer development [8,25–27].

The latest hypothesis suggests that the oral microbiome may serve as a potential
biomarker for detecting CRC, supported by a few studies demonstrating the presence of
oral bacteria in saliva, feces, and even intra-tumoral samples. The scope of this systematic
review is to provide a thorough analysis of the status of biomarkers derived from the
oral microbiome.

2. Materials and Methods
2.1. Search Strategy

A search of the existing literature was conducted in March 2023, using the databases
Web of Science, PubMed, Scopus, and Science Direct. The following terms were used: col-
orectal cancer, colonic cancer, oral microbiota, oral microbiome, and periodontal pathogens.
The search was carried out by using Boolean operators (AND, OR), round and square
brackets to group search terms and determine the order of operations in a search query,
and field-specific operators such as title, abstract, and title-abstract. Only original articles
were included in the search, with any other type of publication being excluded by using
the website filters.

The literature review was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [28]. The entire search
strategy can be found in Supplementary File S1. The protocol was registered in PROSPERO
database CRD42023410069.

2.2. Study Selection

The records underwent an independent screening process by the two authors (N.R.
and C.A.) based on the title and abstract and assessed for inclusion based on the full
text. For the evaluation of the records, the Rayyan platform (Quatar Computing Research
Institute) was used to perform a blind evaluation based on the title, abstract, and key-words
made by the authors. Disagreement of the records screened was solved by discussion or
by consulting a third reviewer (M.A.). The difference of opinion regarding the full text
screening was solved in the same manner.
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2.3. Eligibility Criteria

The articles were included for assessment if they evaluated whether the oral mi-
crobiome is distinctive and predictive in CRC or appraise the oral microbiome derived
biomarkers for CRC detection, including any stage 0/I/II/III/IV. The studies that assess
oral microbiota in CRC by comparing with precancerous lesions patients as well as with a
health control group were included and only the interest information was extracted.

Articles were excluded on the basis of certain criteria:

1. Viral, fungal, and immunological biomarkers;
2. Disease other than CRC;
3. Inflammatory bowel disease (IBD)-related CRC or CRC as part of a syndrome;
4. In vitro or animal studies;
5. No full text available;
6. Case report or case series;
7. Questionnaire based study; computer simulations;
8. Review or meta-analysis;
9. Drug impact on the gastrointestinal microbiome;
10. No data of interest for the current review;
11. Only precancerous lesions: complex adenoma, high-grade dysplasia, and carcinoma

in situ (CIS);
12. Immunological pathways to cancer progression;
13. Biomarkers assessed after surgical treatment.

2.4. Data Extraction

Data extraction from the eligible articles was performed by the two authors (N.R.
and C.A.) independently and was confirmed by the third author (M.A.). The extracted
data included: author, year of publication, country, number of participants (total and in
each group), comparison groups, stage of disease, number of participants by each CRC
stage where mentioned, sample origin, biomarker found, technique used for discovery, and
performance of the discovered biomarker based on AUC (area under curve) and p- value.

2.5. Comparison with Other Groups

Comparison with a group of healthy controls was based on colonoscopy or de-
fined group without prior gastro-intestinal (GI) diseases. Comparison with the non-
cancerous lesion defined by colonoscopy and histopathologic examination (Adenoma
or Hyperplastic Polyp).

2.6. Assessment

Each study was independently assessed for the risk of bias and applicability by the
authors, by using the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies
checklist), by evaluating the four domains regarding the risk of bias (patient selection,
index test, reference standard, flow, and timing), and by three domains related to concerns
regarding applicability (patient selection, index test, and reference standard) [29]. The
QUADAS-2 was assessed in RevMan 5.4 [30].

3. Results
3.1. Study Selection

A systematic literature search was made using four databases: Web of Science,
PubMed, Scopus, and Science Direct. As mentioned before, the search was carried out by
using Boolean operators (AND, OR), round and square brackets to group search terms and
determine the order of operations in a search query, and field-specific operators such as
title, abstract, and title-abstract. We mention that only original articles were included, with
any other type of publication (review article, early access, meeting abstract, proceeding
paper, etc.) being excluded by using website filters. A total of 243 records were identified,
150 from Web of science, 21 from Science Direct, 52 from Scopus, and 20 from PubMed. Sev-



Microorganisms 2023, 11, 1586 4 of 14

eral duplicates (nr. 132) were removed by automation tools, and one was marked ineligible.
After duplicates were eliminated using automated tools, 110 records were screened by title
and abstract, resulting in another 86 excluded records. A total of 24 studies were assessed
for eligibility based on full-text screening. Following a thorough study selection process, a
total of 14 studies were selected for this systematic review. The PRISMA guidelines were
followed during the selection process [28] and are depicted in Figure 1—PRISMA flow
diagram.
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3.2. Study Characteristics

Two studies were conducted in the Middle East; three of the studies were conducted
in the United States and Canada; three were conducted in Europe, and six were conducted
in Asia. The number of total inclusions in the studies varied from 692 participants to 20, for
CRC from 511 to 10, for adenoma from 21 to 43, and for healthy control group from 10 to
461. Some of the studies compared colorectal cancer with a heathy control group [31–36];
others compared it to a healthy control as well as with benign lesions group [33,37,38]
or only to adenoma [39], while other studies researched only colorectal cancer and made
no comparison with a control group [40,41]. One of the studies [34] also evaluated a
comparison between early and advanced stages. The samples used in the included studies
were saliva, stool, and colonic or tumor mucosa. Even though we are investigating a non-
invasive biomarker, we considered the studies that involved the colonic mucosa/tumor as
well for the grounds of evaluating how the oral bacteria contaminate the tumoral tissue
compared to stool or saliva. Main characteristics of the studies are detailed in Table 1.

Table 1. Study characteristics.

Author Ref. Nr. Year Country Sample Participants Nr. CRC/CRA/HC

Zhang S. et al. [37] 2020 China S 253 161/34/58

Loftus M. et al. [31] 2021 USA F 252 74/N/178

Rezasoltani S. et al. [32] 2022 Iran S/F 40 Not Specified

Flemer B. et al. [33] 2017 Ireland S/CM/F 234 99/32/103

Wang Y. et al. [42] 2021 China S/CM/F 60 30/N/30

Yang Y. et al. [43] 2019 USA S 692 231/N/461

Idrissi J. et al. [44] 2022 Canada S/CM 43 22/N/21

Nosho K. et al. [40] 2016 Japan CM 511 511/0/0

Uchino Y. et al. [34] 2021 Japan S/F 103 52/N/51

Russo E. et al. [35] 2018 Italy S/CM/F 20 10/N/10

Pignatelli P. et al. [41] 2021 Italy S/CM 36 36/N/N

Tran H. et al. [39] 2022 Vietnam S/CM 63 42/21/N

Zhang X. et al. [38] 2022 China S 324 207/43/41/ HYP 33

Guven D. et al. [36] 2019 Turkey S 148 71/N/77

S—saliva samples; F—fecal samples; CM—colonic mucosa/tumor tissue; CRC—colorectal cancer; CRA—colorectal
adenoma; HC—healthy control group; HYP—hyperplastic polyp.

Where data were available, the median age and percentage of male for each group
was extracted. Some studies reported only the age category of the participants and not
the median age [32,35,38,43]. Only two articles did not mention anything regarding the
stages of CRC included in the study [42,43]. Seven studies mentioned the number of cases
included in each stage [34,36–41], while other three mentioned the stages included in the
study but did not mention the number of participants included from each stage [32,33,44].
All the studies included participants diagnosed in early stages, as well as advanced
stages, except two articles: one study by Mark Loftus et al. [31] that researched only
advanced stages III and IV and another by Rezasoltani Sama et al. [32] that included
only early stages 0 and I. See Table 2.

Table 2. Distribution of the participants according to stage of disease, age, and sex.

Author Ref.
Nr. Stage of Disease Nr./Stage

(0/I/II/III/IV)
Age Median

CRC/CRA/HC
Gender Male %
CRC/CRA/HC Gender—p Value

Zhang S. et al. [37] I,II,III,IV 0/24/66/60/11 59.2/51.8/50.7 67/59/53 0.192
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Table 2. Cont.

Author Ref.
Nr. Stage of Disease Nr./Stage

(0/I/II/III/IV)
Age Median

CRC/CRA/HC
Gender Male %
CRC/CRA/HC Gender—p Value

Loftus M. et al. [31] III,IV 0/0/0/52/22 61/N/62 58/N/56 -

Rezasoltani S. et al. [32] 0,I Not mentioned age 50 or above not specified -

Flemer B. et al. [33] I,II,III,IV
Cannot be

calculated on
SF

66/65.3/56.2 61/83/66.4 -

Wang Y. et al. [42] Not mentioned Not mentioned 63.9/N/52.17 17.56/N/15.5 0.605

Yang Y. et al. [43] Not mentioned Not mentioned

50–59
(42%)/N/50–

59
(40%)

40.26/N/40.13 1.0

Idrissi J. et al. [44] Any Not mentioned 63.9/N/60.4 82/N/48 -

Nosho K. et al. [40] I,II,III,IV 0/56/160/235/60 67.1/N/N 56/N/N 0.075

Uchino Y. et al. [34] I,II,III,IV 0/26
(I,II)/26(III,IV) 88.52/N/54.49 63.5/N/51 0.2

Russo E. et al. [35] I,II,III,IV 0/3/2/4/1 age
71–95/N/63-86 40/N/60 -

Pignatelli P. et al. [41] Any 1/10/10/11/3/
unknown 1 67.17/N/N 47.22/N/N -

Tran H. et al. [39] II,III,IV 0/0/18/20/4 64/60/N 62/76/N 0.39

Zhang X. et al. [38] I,II,III,IV 78 (I,II)/129
(III,IV)

age < 63 (102
CASES), >63

(105
CASES)/N/N

53.6%/N/N 0.56

Guven D. et al. [36] I,II,III,IV 0/4/16/24/27 59/N/56 64.8/N/48.1 -

CRC—colorectal cancer; CRA—colorectal adenoma; HC—healthy control group.

The comparation of interest is represented by CRC cases and healthy controls. The
article written by Xin Zhang et al. [38] compared the CRC cases with a control group
represented by healthy participants, as well as patients diagnosed with adenoma or hyper-
plastic polyp that were all included in the control group. Two articles had no comparation
group and researched the oral bacteria from the CRC group [40,41]. Hoang, N.H. et al. [39]
evaluated CRC group in comparation with adenoma group. Katushiko et al. [40] was the
only study that set side by side the early stages and advanced ones and evaluated the oral
microbiota.

The main analytical method used was DNA extraction and 16S rRNA sequence [32–34,37,42,43].
Two studies used WGS [31,39], and one used NGS [35]; five used qPCR [35,36,40,41,44];
one [38] used multiplex qPCR. The diagnostic performance was evaluated by AUC (area
under curve—95% CI), that was mentioned only in five studies [31,33,36–38] and showed
an AUC ranging from 0.83 to 0.94, suggesting a high accuracy for the use of oral microbiome
derived biomarkers. The p-value for the potential biomarkers used is significant in most of
the studies. Table 3 presents the details of each study.

Table 3. Biomarker identification and detection.

Author Analytical Method HC
Group Comparation Biomarker p Value AUC (95% CI)

Zhang S. et al. [37]
DNA

EXTRACION+16S
rRNA SEQUENCE

YES CRC vs. CRA
VS HC

5 OTU, 3 phyla,
2 genera under 0.05 0.8374
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Table 3. Cont.

Author Analytical Method HC
Group Comparation Biomarker p Value AUC (95% CI)

Loftus M. et al. [31] WGS YES CRC vs. HC 8 HPS, 10 SES under 0.05 0.87

Rezasoltani S.
et al. [32]

DNA
EXTRACION+16S
rRNA SEQUENCE

YES CRC vs. HC 1 genera(saliva)
3 genera(stool)

S under 0.05;
F over 0.05 not determined

Flemer B. et al. [33]
DNA

EXTRACION+16S
rRNA SEQUENCE

YES CRC vs. CRA
VS HC 17 OTU over 0.05 (0.08)

S&F 0.94

Wang Y. et al. [42]
DNA

EXTRACION+16S
rRNA SEQUENCE

YES CRC vs. HC

9 taxa (5 oral
type II,

4 enterotype
III)+ 4OTUS of
Fusobacterium

(3CM,1S)

over 0.05 not determined

Yang Y. et al. [43]
DNA

EXTRACION+16S
rRNA SEQUENCE

YES CRC vs. HC

2 paodontal
pathogens,
11 common

taxa, 16
rare taxa

under 0.05 not determined

Idrissi J. et al. [44] qPCR YES CRC vs. HC F. nucleatum over 0.05 not determined

Nosho K. et al. [40] qPCR NO no comparation F. nucleatum - not determined

Uchino Y. et al. [34]
DNA

EXTRACION+16S
rRNA SEQUENCE

YES I/II vs. III/IV/
CRC VS HC

4 oral bacteria
species

S under 0.05;
F over 0.05 not determined

Russo E. et al. [35] qPCR, NGS 16S
RNA SEQUENCE YES CRC vs. HC 4 phyla F, CM under

0.05, S over 0.05 not determined

Pignatelli P.
et al. [41] qPCR NO no comparation F. nucleatum CM under 0.05,

S over 0.05 not determined

Tran H. et al. [39]
WGS, anaerobic

culture, 16S rRNA
profiling

NO CRC vs. CRA 3 taxa under 0.05 not determined

Zhang X. et al. [38] multiplex qPCR YES CRC vs.
HC,CRA,HYP F. nucleatum under 0.05 0.84

Guven D. et al. [36] qPCR YES CRC vs. HC
F. nucleatum,
Streptococcus
gallolyticus

under 0.05 0.84

NGS—Next-Generation Sequencing; WGS- whole genome sequencing; qPCR—quantitative polymerase chain
reaction; OTU—Operational Taxonomic Units; HPS—highly prevalent species; SES- significant elevated species;
AUC- area under curve; CI—confidence interval.

The WGS (whole-genome shotgun sequence) was used in only two studies; one of
them used fecal samples collected from CRC group and healthy controls [31] while the
other [39] used saliva and gut tissue samples from the participants diagnosed with CRC
or polyps.

In the study conducted by Mark Loftus et al. [31], they examined fecal samples from
healthy individuals and those with late-stage colorectal cancer (CRC) and revealed im-
portant insights into the role of the gut microbiome in CRC. The results showed that the
bacterial community diversity was significantly greater in the CRC group compared to
the healthy group, with significantly elevated levels of 10 species of oral microbes within
the CRC-associated gut microbiome. These findings suggest that oral microbes may play
a crucial role in the development and progression of CRC. One of the most significant
findings of the study was the identification of the 10 species of oral microbes that were
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significantly elevated in relative abundance within the CRC-associated gut microbiome.
The 10 species significantly elevated in relative abundance within CRC were Parvimonas
micra (qvalue = 3.09 × 10−9), Peptostreptococcus stomatis (qvalue = 4.51 × 10−8), Gemella
morbillorum (qvalue = 4.55 × 10−8), Fusobacterium nucleatum (qvalue = 1.08 × 10−6), Strep-
tococcus anginosus (qvalue = 1.13 × 10−3), Dialister pneumosintes (qvalue = 1.37 × 10−3),
Peptostreptococcus anaerobius (qvalue = 4.74 × 10−3), Streptococcus sp. KCOM 2412 (Strepto-
coccus periodonticum) (qvalue = 7.18 × 10−3), Ruminococcus torques (qvalue = 1.55 × 10−2),
and Filifactor alocis (qvalue = 2.85 × 10−2). The eight Highly prevalent species unique to the
CRC associated group were Intestinibacillus massiliensis, Prevotella copri, Haemophilus parain-
fluenzae, Ruminococcus bicirculans, Streptococcus mitis, Neglecta timonensis, Bifidobacterium
catenulatum, and Anaerotignum neopropionicum. It is important to mention that Streptococcus
mitis and Haemophilus parain-fluenzae are both classified by the eHOMD as oral microbes.
The majority (approximately 82% on average) of a sample’s total relative abundance was
attributed to HPS [31].

The study of Hoang N. Tran et al. [39] found that tumor-enriched taxa include bac-
teria of oral origin, such Gemella, Peptostreptococcus, F. nucleatum, Leptotrichia, Selenomonas
sputigena, and Campylobacter rectus. These bacteria were overabundant in the tumor micro-
biomes, compared to control group, with a p-value < 0.05. The results of the study also
show that F. nucleatum was enriched in advanced CRC stages with significant p-value < 0.05.
The study applied anaerobic culturing and whole genome sequencing (WGS) to isolate and
identify Fusobacterium subspecies from gut tissues, which uncovered novel subspecies of
both F. nucleatum and F. periodonticum. However, the approach generally has low sensitivity,
and bacterial recovery is subjected to factors such as storage time and condition, which
cannot capture the high diversity of Fusobacterium in the oral niche [39].

In the study of multiplex qPCR by Xin Z. [38], the authors evaluated the potential use
of salivary Fn DNA as a biomarker for colorectal cancer (CRC). First, they evaluated the
stability of candidate reference genes in saliva using NormFinder and geNorm algorithms
and identified GAPDH and TERT as the most stable reference gene and developed a
multiplex qPCR method to detect salivary Fn DNA and found that the level of salivary Fn
DNA was significantly elevated in CRC patients compared to healthy controls, hyperplastic
polyps (HP), and patients with adenomas (Ad). Moreover, the level of salivary Fn DNA
was positively correlated with the TNM stage of CRC. ROC analysis showed that salivary
Fn DNA had an AUC of 0.841 for the diagnosis of CRC, with a sensitivity of 71.5% and a
specificity of 82.1%. The diagnostic performance of salivary Fn DNA was superior to that
of traditional serum tumor markers [38].

Zhang, S. et al. [37] aimed to investigate the differences in the oral microbiome of
individuals with colorectal adenoma (CRA), colorectal cancer (CRC), and healthy controls
and to identify potential biomarkers for the early detection of CRA and CRC by collecting
oral swab samples. The samples underwent DNA extraction and 16S ribosomal RNA gene
sequencing. The abundance of certain bacteria, including Fusobacteria and Bacteroidetes
phyla, and the genera Fusobacterium, Prevotella, and Veillonella, were higher in the CRC group
than in the healthy control group. Additionally, two types of oral bacterial co-abundance
groups (CAGs) were identified: the pathogen CAG and the biofilm CAG. A random forest
classifier model was constructed to distinguish the CRC group from the healthy control
group, and five out markers were identified as the optimal marker set: Cyanobacteria,
Veillonella, Fusobacterium, Selenomonas, and Gemella. The POD index achieved an AUC value
of 76.42% in the discovery phase and an AUC value of 83.74% in the validation phase,
indicating the potential of oral microbiota-based biomarkers for the non-invasive detection
of CRA and CRC [37].

The study of Rezasoltani Sama [32] investigated the differences in microbial com-
munity composition and diversity between colorectal cancer (CRC) patients and healthy
controls (HCs) using saliva and fecal specimens. The relative abundance of bacterial gen-
era was analyzed, and it was found that CRC patients’ fecal specimens had the highest
abundance of the genera Ruminococcus-torques-group, Granulicatella, and Ruminococcus-
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gauvreauii-group. HC saliva samples were found to be more biodiverse than CRC saliva
samples, while CRC fecal samples appeared to be more enriched than their HC counter-
parts. The study also looked at phenotype-microbial associations and used a random forest
model for biomarker discovery to differentiate between phenotypes. The CRC group saliva
was characterized by the top three genera that were differentially abundant—Eubacterium
spp., Bifidobacterium spp., and Fusobacterium spp [32].

The research made by Burkhardt Flemer [33] analyzed the microbiota from individuals
with CRC, colorectal polyps, and healthy controls from multiple body sites using 16S rRNA
gene amplicon sequencing. The researchers found that the overall oral profile of bacterial
OTUs was significantly different between individuals with CRC and healthy controls. The
researchers found the 10 of the most abundant bacterial genera across oral swab samples:
Streptococcus (30.7% of all assigned reads), Haemophilus (14.2%), Neisseria (8.8%), Prevotella
(6.6%), Fusobacterium (5.4%), Veillonella (5.4%), Leptotrichia (3.9%), Rothia (3.9%), Actinomyces
(2.9%), and Porphyromonas (2.4%). A number of 17 OTUs were shared between the oral
cavity and CRC and polyp samples. The study confirmed the predictive value of the
oral microbiota for CRC screening and found that oral bacteria are abundant in the gut
microbiota”of i’dividuals with CRCs and polyps and form similar co-abundance networks
on both oral mucosa and colonic tissue [33].

The study by Yao Wang [42] aimed to investigate the differences in the microbiota
composition and diversity of colorectal cancer (CRC) patients and healthy controls (HC)
also by using 16S rRNA gene sequencing. They included a total of 30 CRC patients and
30 HC patients in the study and collected matched unstimulated saliva, mucosal biopsy
or carcinoma tissue, and stool samples. The microbial diversity of CRC patients was
compared to that of HC patients based on Simpson, Sobs, Ace, Shannon, and Chao indices.
The results showed that the salivary microbiome of CRC patients had statistically higher
alpha-diversity than HC, while the mucosal microbiome in CRC patients had statistically
lower richness and diversity compared to that in the HC group. The beta-diversity for
the salivary and mucosal microbiome was also clearly separated between the two groups,
while there was no significant difference in the stool microbiome. They also compared the
relative abundance of the 10 most abundant microbial taxa in each group and found that the
salivary level of Porphyromonas gingivalis was significantly elevated in CRC patients (Mann–
Whitney U test p value = 0.013). Firmicutes and Bacteroides in the mucosa microbiome
were more abundant in CRC, although the difference in Firmicutes did not reach statistical
significance. The researchers clustered the oral and mucosa microbiome into different
oral types and enterotypes. They found that CRC was dominated by type II oral-type:
Streptococcus, Neisseria, Porphyromonas, Prevotella_7, and Haemophilus genus and by type
III enterotype, which was represented by Fusobacterium, Bacteroides, Streptococcus, and
Peptostreptococcus [42].

In the study made by Yaohua Yang [43], they aimed to investigate the associations of
overall microbiome composition and some oral bacterial taxa with colorectal cancer (CRC)
risk. The overall microbiome composition was found to be similar between CRC cases
and controls. However, five oral pathogens were found to be more prevalent among CRC
patients than controls, with Treponema denticola and Prevotella intermedia being significantly
associated with increased CRC risk with a p value under 0.05. Several bacterial taxa from
different phyla were also associated with CRC risk. The phylum Actinobacteria family
Bifidobacteriaceae was associated with an increased risk of CRC with a p value of 0.03; also,
the phylum Bacteroidetes species Prevotella melaninogenica was associated with a p value
of 0.04. Within this phylum, another two species, Prevotella denticola and Prevotella sp.
oral taxon 300, were associated with an increased risk, with p values of 0.02 and 0.04,
respectively. In the phylum Firmicutes, seven taxa were found to be associated with CRC
risk. Among them, the most abundant taxon at the species level, Streptococcus sp. oral
taxon 058, showed the most significant p value of 7.87 × 10−3. After Bonferroni correction,
no taxa maintained a significant association with CRC risk [43].
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Yoshinori Uchino et al. [34] compared the oral and intestinal microbiota of healthy
individuals and those with colorectal cancer (CRC) to investigate the role of the microbiota
in CRC. The study analyzed the composition of the microbiota of each group of samples
and performed weighted UniFrac distance analysis to reveal the difference between the
two groups. The results showed that the microbiota compositions in the saliva and stool
samples were different. The study also used LEfSe analysis to identify microorganisms that
were more abundant in patients with CRC compared to controls. The results showed that
P. stomatis, S. anginosus, S. moorei, and S. koreensis were more abundant in the saliva and stool
of patients with CRC compared to those in controls with statistical significance. Overall,
the study suggests that certain microorganisms may contribute to the development of CRC
and that maintaining good oral hygiene may reduce the risk of CRC [34].

Amal Idrissi Janati [44] analyzed biospecimens (saliva and colorectal mucosa) from all
participants using qPCR to detect and quantify levels of F. nucleatum. The study found that
F. nucleatum was detected in almost all saliva samples, with higher levels in both cases than
controls. The study also found a low Fn detection in colorectal mucosa specimens in the
controls and even lower in the cases [44].

Katsuhiko Nosho [40] found an association between highly enriched F. nucleatum
in colorectal carcinoma tissues. The F. nucleatum positivity was detected in 8.6% of the
Japanese patients with colorectal cancer. The study highlights the potential for targeting
microbiota, immune cells, and tumor molecular alterations for colorectal cancer prevention
and treatment [40].

Edda Russo et al. [35] aimed to analyze the bacterial communities in the oral cavity
and gut of patients with colorectal cancer (CRC) compared to healthy controls. The study
used high-quality 16S rRNA sequencing data from fecal and saliva samples of 10 CRC
patients and 10 healthy controls. The dominant bacterial phyla were Firmicutes (39.18%),
Bacteroidetes (30.36%), and Proteobacteria (10.65%). Proteobacteria and Fusobacteria were more
abundant in cancer specimens, while Firmicutes and Fusobacteria were observed with higher
abundance in the stools of CRC patients. The saliva samples were enriched in Actinobacteria,
Saccharibacteria, Proteobacteria, Fusobacteria, Firmicutes, and Bacteroidetes [35].

The study of Pamela Pignatelli [41] investigated the presence of two types of bacteria,
Fusobacterium nucleatum (Fn) and Porphyromonas gingivalis (Pg), in the oral cavity, colon
cancer tissue, and adjacent non-neoplastic mucosa of 36 colon cancer patients using quanti-
tative real-time PCR (qPCR). The study found that Fn was present in both the oral cavity
and matched cancer tissue and adjacent non-neoplastic mucosa, while Pg was present
only in the oral cavity and absent in a representative series of colon tissues. There was
a significant increase in the amount of Fn present in the colon cancer tissue during the
advanced stages of colorectal cancer in such a way that this increase was predictive of the
staging with a p-value of 0.016. The study found a moderate positive correlation (p = 0.056)
between the Fn quantity in oral tissue and tumor tissue [41].

Deniz Can Guven et al. [36] analyzed saliva samples from 148 cases, 71 patients
diagnosed with CRC and 77 healthy controls. The study used qPCR to examine the
prevalence and amount of Fusobacterium nucleatum (Fn), Porphyromonas gingivalis (Pg), and
Streptococcus gallolyticus (Sg). Saliva samples of CRC patients had higher amounts of Fn
(p = 0.001) and Sg (p < 0.001) compared with the healthy control group. Fn was detected
in 97.2% cases in the CRC group and 96.1% in the control group (p > 0.99). The mean Fn
was higher in-patient saliva samples compared with controls (p = 0.001). Sg was detected
in 31% of patient CRC group and in 27.3% of the control group. Pg detection rates and
amount were similar in both groups (p = 0.917) [36].

3.3. Risk of Bias and Applicability

To assess the risk of bias and applicability, the QUADAS-2 tool from RevMan 5.4 was
used. For the first domain, “patient selection”, the overall risk of bias was high in two
studies, unclear in two, and low in 10. For the second domain “index test”, the risk of
bias was assessed as high in seven studies, low in two, and unclear in five. The “reference
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test” showed a low risk of bias with three unclear, zero high-risk, and eleven low-risk. The
domain “flow and timing” was identified as a low risk in eleven studies, high risk in one,
and of unclear risk in two. The applicability concern was low, showing a high degree of
applicability since the articles were preselected. The results are presented in Figure 2 and
also in Supplementary File S2.

Microorganisms 2023, 11, x FOR PEER REVIEW 10 of 14 
 

 

used high-quality 16S rRNA sequencing data from fecal and saliva samples of 10 CRC 
patients and 10 healthy controls. The dominant bacterial phyla were Firmicutes (39.18%), 
Bacteroidetes (30.36%), and Proteobacteria (10.65%). Proteobacteria and Fusobacteria were 
more abundant in cancer specimens, while Firmicutes and Fusobacteria were observed with 
higher abundance in the stools of CRC patients. The saliva samples were enriched in Ac-
tinobacteria, Saccharibacteria, Proteobacteria, Fusobacteria, Firmicutes, and Bacteroidetes [35]. 

The study of Pamela Pignatelli [41] investigated the presence of two types of bacteria, 
Fusobacterium nucleatum (Fn) and Porphyromonas gingivalis (Pg), in the oral cavity, colon 
cancer tissue, and adjacent non-neoplastic mucosa of 36 colon cancer patients using quan-
titative real-time PCR (qPCR). The study found that Fn was present in both the oral cavity 
and matched cancer tissue and adjacent non-neoplastic mucosa, while Pg was present 
only in the oral cavity and absent in a representative series of colon tissues. There was a 
significant increase in the amount of Fn present in the colon cancer tissue during the ad-
vanced stages of colorectal cancer in such a way that this increase was predictive of the 
staging with a p-value of 0.016. The study found a moderate positive correlation (p = 0.056) 
between the Fn quantity in oral tissue and tumor tissue [41]. 

Deniz Can Guven et al. [36] analyzed saliva samples from 148 cases, 71 patients di-
agnosed with CRC and 77 healthy controls. The study used qPCR to examine the preva-
lence and amount of Fusobacterium nucleatum (Fn), Porphyromonas gingivalis (Pg), and Strep-
tococcus gallolyticus (Sg). Saliva samples of CRC patients had higher amounts of Fn (p = 
0.001) and Sg (p < 0.001) compared with the healthy control group. Fn was detected in 
97.2% cases in the CRC group and 96.1% in the control group (p > 0.99). The mean Fn was 
higher in-patient saliva samples compared with controls (p = 0.001). Sg was detected in 
31% of patient CRC group and in 27.3% of the control group. Pg detection rates and 
amount were similar in both groups (p = 0.917) [36]. 

3.3. Risk of Bias and Applicability 
To assess the risk of bias and applicability, the QUADAS-2 tool from RevMan 5.4 was 

used. For the first domain, “patient selection”, the overall risk of bias was high in two 
studies, unclear in two, and low in 10. For the second domain “index test”, the risk of bias 
was assessed as high in seven studies, low in two, and unclear in five. The “reference test” 
showed a low risk of bias with three unclear, zero high-risk, and eleven low-risk. The 
domain “flow and timing” was identified as a low risk in eleven studies, high risk in one, 
and of unclear risk in two. The applicability concern was low, showing a high degree of 
applicability since the articles were preselected. The results are presented in Figure 2 and 
also in Supplementary File S2. 

 
Figure 2. Risk of Bias and Applicability. 

4. Discussion 
Fourteen publications examining the correlation between oral microbiome and colo-

rectal cancer were reviewed. Due to variations in cohort sizes, demographics, analytical 
methods, and statistical models, a meta-analysis was not possible, as the data and 

Figure 2. Risk of Bias and Applicability.

4. Discussion

Fourteen publications examining the correlation between oral microbiome and col-
orectal cancer were reviewed. Due to variations in cohort sizes, demographics, analytical
methods, and statistical models, a meta-analysis was not possible, as the data and interpre-
tation of results could not be standardized. As a result, the findings were presented solely
in a descriptive form.

While these articles demonstrate the potential of oral microbiome-derived biomarkers
in the diagnosis of colorectal cancer, more research is needed to further validate their
diagnostic accuracy, as well as to standardize the methods of collection and analysis of oral
microbiome data.

The publications collectively suggest that certain bacterial species, particularly those
of oral origin, may be associated with CRC development and can potentially serve as
diagnostic biomarkers for early CRC detection.

The diagnostic performance showed a confidence interval between 0.83 and 0.94 but
was assessed only in five of the studies. The studies suggest that oral bacteria derived
biomarkers could be used to augment the current screening tests.

A few of these papers were neither designed to achieve a primary diagnostic endpoint
nor conducted in populations that are clinically representative. Several studies did not
differentiate between different stages or anatomical locations, while some of them even
combined different stages to generate a general diagnostic summary.

An AUC of 0.94 was found to be the optimal diagnostic performance across the
studies and analyzed the microbiota from individuals with CRC, colorectal polyps, and
healthy controls from oral swab, stool, and colonic mucosa sites using 16S rRNA gene
amplicon sequencing.

The majority of this research papers have focused on bacterial taxonomy as it is
currently the most standardized technique in this field, primarily relying on the 16S rRNA
gene. Investigating a more accurate and sensitive biomarker for the prediction of CRC
requires exploring the functional level, which can provide insight into microbiome changes
associated with the development of CRC. Thus, identifying functional biomarkers may be
a more effective approach for the detection of CRC [45].

The gut microbiome Is highly variable and heterogeneous between individuals, influ-
enced by various factors such as age, gender, BMI, diet [46,47], and antibiotic use [48,49].
When comparing healthy controls and colorectal patients, it is important to incorporate
these factors into the analysis by matching the groups. However, most papers included in
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the analysis did not implement this and only reported potential influencing factors on the
microbiome composition.

The diversity of the oral–fecal microbiome varies between geographically discrete
populations and across countries; most of the included studies were performed in Asia,
which limits their translation to other regions. Another major limitation of these studies
is the lack of standardization in sample collection and processing. Sample collection also
varied widely between studies. DNA extraction was carried out using a range of extrac-
tion kits, adding an additional variable that influenced the outcome of the microbiome
composition. The analytical approaches employed by the included articles also lacked
standardization. The researchers used different analytical methods to identify bacteria,
including 16S rRNA, qPCR, or WGS. Within these methods, there was again a large hetero-
geneity in the choice of primers used, leading to potential biases and making comparisons
between them almost impossible.

5. Conclusions

The studies included in the actual review provide evidence of the potential role of oral
microbiota in the development and progression of CRC. The identification of microbial
biomarkers, particularly salivary Fn DNA, may offer new avenues for the development of
non-invasive screening and diagnostic tools for CRC. In line with previous findings, it has
been observed that oral periodontopathic bacteria have the capacity to migrate to the colon,
disrupting the microbiota and resulting in dysbiosis, compromising the colonic integrity
barrier, and leading to heightened levels of toxic metabolites and proteolytic activity, factors
that contribute to inflammation and the development of colorectal cancer [50].

Different studies identified various bacterial taxa associated with CRC, including
Fusobacteria, Bacteroidetes, Prevotella, Veillonella, and Treponema denticola. The abundance
and composition of oral microbiota were found to be different between CRC patients and
healthy controls. These findings suggest that the oral microbiome, particularly certain
bacterial species, may play a crucial role in the development, progression, and potential
diagnosis of CRC.

In the current research study, a meta-analysis could not be conducted due to significant
variations in study design, conceptual differences, and analytical precision. Therefore, we
consider a systematic review approach to be more suitable.

Further CRC microbiome large-scale validation studies are needed to confirm these
findings before being able to translate them into clinical practice.
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