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Abstract: Emerging evidence has shown the potential of oral microbiota as a noninvasive
diagnostic tool in gastrointestinal (GI) cancer. PubMed, Web of Science, and Embase were
systematically searched for eligible studies published until May 31, 2019. Of the 17 included
studies published between 2011 and 2019, five kinds of GI cancer, including colorectal
cancer (n=6), pancreatic cancer (n=5), gastric cancer (n=4), esophageal cancer (n=2) and
liver cancer (n=1), were reported. Generally, the diagnostic performance of the multi-bacteria
model for GI cancer was strong with the best area under the receiver operator characteristic
curve (AUC) exceeding 0.90, but only one study had a validation phase. Pathogens involved
in periodontal disease, such as Porphyromonas gingivalis and Tannerella forsythia, were
linked to various kinds of GI cancer. Besides, more oral bacteria significantly differed
between cases with upper digestive cancer and healthy controls when compared to colorectal
cancer (the most common form of lower digestive cancer), probably indicating a different
mechanism due to anatomical and physiological differences in the digestive tract. Oral
microbiota changes were associated with risk of various kinds of GI cancer, which could
be considered as a potential tool for early prediction and prevention of GI cancer, but
validation based on a large population, reproducible protocols for oral microbiota research
and oral-gut microbiota transmission patterns are required to be resolved in further studies.
Keywords: gastrointestinal cancer, oral microbiota, detection

Introduction
Even with improvement in health care and advanced treatment means, the outcome of
gastrointestinal (GI) cancer is still disappointing. Colorectal cancer (CRC) and gastric
cancer (GC), the two most common types of GI cancer, accounted for about 2.8 million
new cases and 1.6 million deaths worldwide, respectively, in 2018. Cancers of the
pancreas and esophagus were less common, but their poor survival landed them on the
list of leading causes of cancer-related deaths.' Population-based screening programs
have dramatically decreased disease burden, yet the participation rates are low, even in
the high-risk regions.”* The reference standards for diagnosis and screening for GI
cancer are mostly based on endoscopies. Lack of awareness in people and the inva-
siveness and cost-effectiveness issues of endoscopies have been recognized as major
barriers to screening.> ' This fact drives the development of more powerful diagnostic
tools with higher compliance to help us detect patients in the early stages.

Periodontal disease or tooth loss has been found to be associated with increased risk of
systemic disease, including diabetes,*” cardiovascular disease,'®'" oral and GI

12-14

cancers, and some other diseases and conditions.!>'® Tt is well established that

bacterial infection resulting from dysbiosis of oral microbiota is the main cause of
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periodontal disease.'” The chronic inflammation and immune
dysregulation resulting from oral bacteria or their products
may have systemic effects, which could be the latent factors
associated with health and disease.'® 2 In addition, intestinal
colonization by bacteria of oral origin has been correlated with
the development of GI cancer. One recent study by Atarashi
et al showed strains of salivary bacteria, Klebsiella spp., could
induce chronic intestinal inflammation when colonizing the
gut.?' A striking overrepresentation of oral microbes in carci-
noma samples might also promote the development of GI
cancer through eliciting severe gut inflammation,*" increasing
cell proliferation and invasive ability,”> or modulating the
tumor-immune microenvironment.”

More than 700 bacterial species inhabit the human oral
cavity, including at least 11 bacterial phyla and 70
genera.”* High-throughput genetic-based assays and more
sophisticated analytical techniques now make it possible to
comprehensively survey the human oral microbiome.?>*
Concerning the potential of the oral microbiome as
a noninvasive alternative in population screening and diag-
nosis of GI cancer, we conducted this systematic review to
present the performance of bacteria from the oral cavity to
discriminate patients with GI cancer from healthy indivi-
duals. Due to the existence of oral-gut bacteria transmis-
sion, only bacteria obtained from samples in the oral
cavity were considered in this review.

Materials and Methods

This systematic review was conducted following the pro-
cedure recommended by the Cochrane Collaboration®’ and
was reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
checklist.?® Since data extracted in this study were
obtained from previous studies, ethical approval and
patient informed consent were not necessary.

Literature Search Strategies

PubMed, Embase and Web of Science were searched for
eligible papers until May 31, 2019. The search terms used
were listed in the Appendix and aimed to cover expres-
sions for oral microbiota, GI cancer and detection abilities.
Additionally, reference lists from relevant studies and
reviews were scanned to identify articles related to the
topic. Duplicates were removed, and then abstracts and
titles were browsed according to the inclusion and exclu-
sion criteria mentioned below. The full texts of the remain-
ing papers were scrutinized, and finally, those meeting the
pre-defined criteria were included in this review.

Inclusion and Exclusion Criteria

The included studies should meet all of the following cri-
teria: (1) should be relevant to the topics; (2) should be
performed in humans; (3) should be published as an original
study in a peer-reviewed journal; (4) must include micro-
biota obtained from samples of the oral cavity; (5) have data
from cohort or observational studies or randomized control
trials, including cases with GI cancer; and (6) should report
results for the differences of oral microbiota between
patients with GI cancer and healthy controls or the detection
abilities of oral microbiota for GI cancer. Studies were not
included if they were published as case reports or confer-
ence proceedings or in a language other than English lan-
guage. Papers without full texts were also excluded.

Data Extraction

Two reviewers (X. C. and Y. C.) independently screened
the publications and extracted information for each eligi-
ble paper. Extracted variables included first author, year of
publication, country, types of GI cancer, number of parti-
cipants, age and sex of participants, sample types, sample
collection time and storage temperature, antibiotic use or
treatment prior to the sample collection, database used for
taxonomy assignment, microbiome measurement methods,
and expected outcomes [bacterial abundance or percentage
of carriage, odds ratios, specificity, sensitivity, or area
under the receiver operator characteristic curve (AUC)
values]. Investigators compared selected data, and discre-
pancies were resolved by consensus.

Quality Assessment in Eligible Studies
Risk of bias and applicability were assessed according to
the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2).> QUADAS-2 evaluates the risk level of
bias and is composed of four basic components: (1) patient
selection, (2) index test, (3) reference standard, and (4)
flow and timing. Clinical applicability is also assessed for
the first three components. The risk of bias and concerns
regarding applicability for each study was then rated as
“high”, “low”, or “unclear.”

Results

Literature Search Results

A total of 5230 records were obtained in the initial elec-
tronic search, including 544 from PubMed, 3266 from
Embase, and 1420 from Web of Science. After removal
of duplicates (n=496), the titles and abstracts of 4734
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studies were screened for relevance. Studies not relevant
to the review topics (n=1914), not original (n=756), not
human studies (n=692), not in the English language
(n=19), or not including oral microbiota (n=714) and GI
cancer (n=585) were excluded. The full texts of 54 studies
were further read independently. Of those, 12 full-text
articles were assessed for eligibility. Combining with the

additional studies®® 4
30-46

identified from reference, 17
studies were finally included in this review. The

detailed selection process is presented in Figure 1.

Quality Assessment of Studies
The results for the quality of included studies using the

High-risk bias was found in two studies (11.8%), and
unclear risk bias was found in five studies (29.4%) in the
patient selection domain. One study (5.9%) had high-risk
bias in the index test domain, and three studies (17.6%)
had unclear risk bias in the flowing and timing domain.
For applicability concerns, one study (5.9%) displayed
high concerns, and three studies (17.6%) displayed unclear
concerns in patient the selection domain. Unclear concern
was found in one study (5.9%) in the index test domain.

Study Characteristics
Table 1 describes the characteristics of the included
studies published between 2011 and 2019. Of the 17

QUADAS-2 tool are presented in Figures S1 and S2. studies, seven were from the United States of
c
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Table | Characteristics of Population in the Included Studies

Study Country | Cancer | Cases vs Controls Antibiotic Use Prior to Treatment Prior to
4 Sample Collection Sample Collection
Number | Age (y) Male (%)
Schmidt, T, 2019% | France CRC 25/16 63/64 64/50 / /
Mai, X, 20153¢* USA CRC 1252 (17) | 67 0 / /
Russo, E, 2018% Italy CRC 10/10 / 40/60 Not in 12 weeks No
Flemer, B, 2018%® | Ireland CRC 45/25 66/52 56/38 Not in 4 weeks /
Yang, Y, 2019%° USA CRC 231/461 / 40/40 Not in | week /
Peters, B, 2017*° [ USA EAC 81/160 68/68 93/93 / /
USA ESCC 25/50 67/67 40/40 / /
Chen, X, 201532 China ESCC 87/85 65/66 68/73 / /
Lu, H, 20163 China LC 35/25 50/48 86/80 Not in 8 weeks No
Lu, H, 2019* China PC 30/25 51/48 70/80 Not in 12 weeks No
Fan, X, 2018* USA PC 170/170 | 74/74 53/53 / /
USA PC 1917201 64/64 61761 / /
Torres, P, 2015%° USA PC 8/22 / 75/55 Not in 2 weeks No
Olson, S, 2017°' USA PC 34/58 / 53/40 No in 4 weeks No
Farrell, ), 2012+ USA PC 10/10 67/66 80/80 / No
USA PC 28/28 70/65 61/64 / No
Hu, J, 2015% China GC 74/72 57/55 50/49 Not in 8 weeks No
Han, S, 2016** China CRC 90/100 55/54 48/51 / /
China GC 100/100 | 56/54 49/51 / /
Sun, J, 2018% China GC 37/13 / / Not in 4 weeks No
Wy, J, 2018% China GC 57/80 59/55 70/63 Not in 2 weeks No

Notes: *It was a prospective study recruiting 1252 females (mean age: 67 years) in the baseline, and 17 incident cases with colorectal cancer occurred during the follow-up.
#Median or mean was used to describe age (y). “/” means no related information stated in the paper.
Abbreviations: CRC, colorectal cancer; EAC, esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma; GC, gastric cancer; LC, liver cancer; PC,

pancreatic cancer.

30,31,36,39—42 32-34,43-46

America, seven were from China,
and the other three were from France,> Italy,’’ and
Ireland,® respectively. The types of GI cancer included
CRC, GC, esophageal adenocarcinoma (EAC), esopha-
geal squamous cell carcinoma (ESCC), liver cancer (LC)
and pancreatic cancer (PC). The majority of studies were
designed as case—control studies, and only one was
a prospective study, in which 1252 postmenopausal
females were recruited in the baseline.*® For nested case-

1°*! and prospective cohort designs,’® samples

contro
were collected at the time of recruitment and stored for
a few years before analysis. The time and temperature
for sample storage varied a lot and might have had an

impact on the quality of samples and the results of

microbiome analysis. Two studies®*-*"

were designed as
screening experiments with GI status confirmed by
endoscopies for all participants. The median number
(range) of cases and controls was 41 (8, 231) and 54
(10, 461), respectively. The mean age varied greatly
between cases and controls in the study (66 vs 52)
from Ireland.*®

Oral microbiota composition and variety can be largely
affected by the use of antibiotics. Ten studies excluded
participants using antibiotics from 1 to 12 weeks prior to
the time of sample collection.?*-3!33:3437739:43:4546 e gther
studies did not address antibiotics taken by the participants.
Variations in quantity, complexity, and quality of the oral

microbiota also occur during cancer treatment. About half of
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the included studies (n=9) stated that they excluded the
participants undergoing cancer therapies before sample

3 3 .. .
0.31,33,34,37.42.43.4546  \agt  variation in  most

collection.
aspects of the studies limited the ability to synthesize the

results together or compare the individual study results.

Characteristics of Sample Collection and

Measurement

An overview of the sample information is shown in
Table 2. Samples were all obtained from the oral cavity,
most of which were from saliva,***>>3742 followed by

tongue coating,>**+> 4 3941

oral washing, subgingival
plaque,®***® and oral swab (inside of both cheeks).*®
Saliva and subgingival plaque were both included in the
study by Sun et al>’ Participants with saliva samples in

a CRC cohort were extracted from the study by Schmidt

et al,>> which included several cohorts with different kinds
of diseases (rheumatoid arthritis, type 1 diabetes, and
CRC) and samples (both stool and saliva). Most of the
frozen samples were stored below —80°C or —70°C, except
for two studies that stored samples in a temperature of
—20°C before analysis.*!*?

16S rRNA gene sequencing was selected to study oral

bacterial phylogeny and taxonomy in 15 studies.”® >**7*¢

Among these studies, two’

also applied quantitative
polymerase chain reaction (qPCR) to quantify the abun-
dance of oral bacteria. Indirect immunofluorescence
microscopy was used in the study by Mai et al,*® focusing
on the presence of bacteria instead of quantity. Reference
databases for the assignment of taxonomy varied a lot
between studies. Since two of the included studies®>’

did not compare the abundance difference between groups,

Table 2 Characteristics of Sample Collection and Measurement in the Included Studies

Study Sample Collection Temperature for Database for Taxonomy Measurement
Time Storage Assignment Method
Schmidt, T, 2019 | Saliva / -80°C specl /
Mai, X, 2015%¢ Subgingival plaque 1997-2001 / / IMM
Russo, E, 2018% Saliva 20152016 —80°C SINA standalone classifier; 16S rRNA V3-V4
“Ref NR 99” database qPCR
Flemer, B, 201838 Oral swab / -80°C Mothur and RDP 16S rRNA V3-V4
Yang, Y, 2019%° Oral wash 2002-2009 / HOMD 16S rRNA V4
Peters, B, 2017** | Oral wash 2000-2002 | -80°C HOMD 165 rRNA V4
Oral wash 1993-2001 —80°C HOMD 16S rRNA V4
Chen, X, 2015°* | Saliva 2010-201 | -20°C GreenGenes 16S rRNA V3-v4
Ly, H, 2016* Tongue coating / —80°C SILVA 16S rRNA V4
Lu, H, 2019% Tongue coating / -80°C RDP 165 rRNA V3-V4
Fan, X, 2018*'* Oral wash 2000-2002 —80°C HOMD 16S rRNA V3-v4
ral wasl — i ri -
Oral h 1993-2001 80°C HOMD 16S rRNA V3-v4
Torres, P, 2015%° Saliva 20122013 —80°C RDP 16S rRNA
Olson, S, 20173 Saliva 2013-2015 -20°C GreenGenes 16S rRNA V4-V5
Farrell, J, 2012* Saliva / -80°C / 16S rRNA; qPCR
Hu, J, 2015% Tongue coating 2013-2014 —80°C SILVA 16S rRNA V2-V4
Han, S, 2016% Tongue coating 20132015 / SILVA 16S rRNA V2-V4
Sun, J, 2018% Subgingival plaque; saliva / —-70°C GreenGenes 16S rRNA V4
Wy, J, 2018% Tongue coating 2011-2012 -80°C HOMD 16S rRNA V4

Notes: *Two cohorts were included in the study. “/” means no related information stated in the paper.
Abbreviations: HOMD, human oral microbiome database; IMM, indirect immunofluorescence microscopy; qPCR, quantitative polymerase chain reaction; RDP, ribosomal

database project.
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additional analysis was conducted and presented in the
supplementary materials (Tables S1 and S2).

Bacteria Detection

Table 3 presents the significantly higher bacteria in controls
or patients with GI cancer at the genus level, which was
found in more than two studies. A total of 18 genera were
identified across the included studies. They were classified
into five phyla Actinobacteria, Bacteroidetes, Firmicutes,
Fusobacteria and Proteobacteria. ~ Parvimonas and
Leptotrichia were found significantly lower in controls
when compared to various kinds of GI cancer. Members
of the phylum Proteobacteria, mainly the Neisseria and
Haemophilus genera, were the most common bacteria,
each of which were reported by six studies, to be signifi-
cantly more abundant in controls. There were also incon-
sistent results in genera, such as Streptococcus, which was
lower in patients with CRC?* and LC?* but increased in
individuals with EAC,*> GC* and PC,*' when compared to
controls. From the distribution of sample types, most of the
significant results were from tongue coating (n=17), fol-
lowed by saliva (n=13) and oral washing (n=5)
(Figure 2A). Among the 18 markers presented in Table 3,
only four genera differed between cases with CRC and

controls (Figure 2B).

Association of Oral Microbiota with Gl

Cancer

Values of the area under the receiver operator character-
istic curve (AUC) were reported in four studies.>*%424¢
Sun et al only calculated sensitivity and specificity for
1> The details are presented in Table 4. The

model®® combining 16 oral microbiota operational taxo-

their mode

nomic units (OTUs) had a high discriminating ability
(AUC=0.90) to detect CRC with 53% sensitivity and
96% specificity. The sensitivity increased to 76% when
the oral test was combined with the fecal microbiota test.
Sun et al** developed a score based on the combination of
11 genera, with high sensitivity (97%) and specificity
(92%) to discriminate patients with GC from controls.
Farrell et al** identified and validated the performance of
two single species, Neisseria elongata and Streptococcus
mitis, significantly higher in patients with PC with AUC
values equal to 0.66 and 0.68, respectively. The perfor-
mance (AUC=0.90) increased a lot while including these
two species in a single model. Models with the combina-
tion of Haemophilus, Porphyromonas, Leptotrichia and

Fusobacterium also performed well in discriminating PC
from healthy controls with AUC equals to 0.80 but without
a validation phase.*® Among these five studies in Table 4,
the detection model established by Lu et al only included
a single genus in the model, Oribacterium or
Fusobacterium, but achieved relatively good performance
in detecting LC with an AUC value up to 0.81.%*

0Odds ratios (ORs) reported in more than two studies at
the genus or species level are presented in Table 5. Five

studies32’36’39_41

reported the ORs, and no additional infor-
mation, such as sensitivity, specificity or other parameters,
indicating discriminating abilities were included in these
Periodontal  disease-associated

publications. species,

Porphyromonas  gingivalis, Tannerella forsythia and
Prevotella intermedia, were correlated with a risk of GI
cancer regardless of cancer type.**>*°*' However, no sta-
tistically significant results for this association were found
in this prospective study, with a model adjusted by age and
smoking.’® There were also inconsistent results. Both
Peptococcus and Lautropia genera were correlated with
a higher risk of CRC,* but largely lowered the risk of

ESCC.*?

Discussion
To our knowledge, this is the first systematic review that
focuses exclusively on the effect of microbiota from sam-
ples obtained from the oral cavity on the risk of GI cancer.
The available studies suggest that a single oral bacterium
has limited ability to detect GI cancer, and multi-bacteria
models have better performance (the best AUC > 0.90) but
need further validation in large populations. Pathogens
involved in periodontal disease are linked to various
kinds of GI cancer, such as PC, EA and CRC, which is
worthy of attention in further studies. More oral bacteria
are significantly higher or lower in cases with upper diges-
tive cancer, when compared to CRC (the most common
form of cancer in the lower digestive tract), probably
indicating a different mechanism due to anatomical and
physiological differences. However, the suggested associa-
tion should be interpreted with caution, considering that
they were mostly reported from a single study without
further replication or validation.

Most
P. gingivalis, T. forsythia and P. intermedia, which have

of bacteria found in the studies were
been established as promising indicators for periodontal
disease.*’ > However, not all studies found statistically
significant results for the association between these bac-

teria and GI cancer. The genera Oribacterium and
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Figure 2 Distribution of identified genera in Table 3 according to sample types (A) and cancer types (B).
Abbreviations: S, saliva; OW, oral washing; TC, tongue coating; CRC, colorectal cancer; EC, esophageal cancer (combine esophageal adenocarcinoma and esophageal

squamous cell carcinoma); GC, gastric cancer; LC, liver cancer; PC, pancreatic cancer.

Fusobacterium have also been recognized as pathogens

51.52 . . . .
< which discrimi-

associated with periodontal disease,
nated cases with LC from controls with an AUC value up
to 0.81.34 Genera, such Leptotrichia, identified as enriched
in cases with GI cancer in this review were also reported
to be with

periodontitis.>® All the evidence suggested that oral health

overabundant in  subjects chronic

is linked tightly to the risk of GI cancer, regardless of type.
Both smoking status and alcohol consumption were

3941

adjusted in these three studies, and Fan et al also

Table 4 Models for Detection of Gastrointestinal Cancer

included age, sex, race and history of diabetes in the
regression model. Besides these factors, it is noteworthy
that oral hygiene practices, such as tongue brushing,>* and
dietary patterns, such as vegetarian, Western, and hunter-

gatherers,”>°

could influence the oral ecosystem, which
should be taken into account in future studies.

In terms of multi-bacteria models, very high values of
AUC were reported ranging from 0.80 to 0.94,343842:46
among which only one study had a validation phase.*

Their model based on the combination of N. elongata

Study Models Cancer Cases vs Controls (n) Sensitivity Specificity AUC
Flemer, B, 201838 16 oral microbiota OTUs CRC 45/25 0.53 0.96 0.90
Combined oral and fecal microbiota CRC 25/19 0.76 0.95 0.94
Lu, H, 2016>* Oribacterium LC 35/25 / / 0.8l
Fusobacterium LC 35/25 / / 0.78
Farrell, J, 2012* Neisseria elongata PC 28/28 / / 0.66*
Streptococcus mitis PC 28/28 / / 0.68*
Combination of two species above PC 28/28 0.96 0.82 0.90%
Lu, H, 2019% Combination of four genera PC 30/25 0.77 0.78 0.80
Sun, J, 2018% I'l genera to calculate a score GC 37/13 0.97 0.92 /

Notes: *AUC values calculated from validation population. “/” means no related information stated in the paper.
Abbreviations: AUC, area under the receiver operator characteristic curve; CRC, colorectal cancer; GC, gastric cancer; LC, liver cancer; OTU, operational taxonomic

unit; PC, pancreatic cancer.
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Table 5 Odds Ratios Reported in More Than Two Studies in Genus or Species Level

Study Genus Species Cancer OR (95% CI)

Fan, X, 2018 [Porphyromonas] P. gingivalis PC 1.60 (1.15, 2.22)
Peters, B, 2017 [Porphyromonas] P. gingivalis EAC 1.06 (0.93, 1.20)
Peters, B, 2017 [Porphyromonas] P. gingivalis ESCC 1.30 (0.96, 1.77)
Yang, Y, 2019°° [Porphyromonas] P. gingivalis CRC 1.05 (0.73, 1.49)
Mai, X, 2015% [Porphyromonas] P. gingivalis CRC 2.23 (0.78, 6.35)
Fan, X, 2018*' [Tannerella] T. forsythia PC 1.16 (0.86, 1.55)
Peters, B, 2017 [Tannerella] T. forsythia EAC 1.21 (1.01, 1.46)
Peters, B, 2017 [Tannerella] T. forsythia ESCC 0.95 (0.58, 1.55)
Yang, Y, 2019°° [Tannerella] T. forsythia CRC I.11 (0.76, 1.61)
Mai, X, 20153¢ [Tannerella] T. forsythia CRC 0.46 (0.15, 1.43)
Fan, X, 2018 [Prevotella] P. intermedia PC 1.30 (0.89, 1.88)
Yang, Y, 2019°° [Prevotella] P. intermedia CRC 1.55 (1.08, 2.22)
Mai, X, 20153¢ [Prevotella] P. intermedia CRC 1.80 (0.68, 4.74)
Fan, X, 2018 Alloprevotella / PC 1.20 (1.01, 1.43)
Peters, B, 2017 Alloprevotella / EAC 0.89 (0.79, 1.00)
Peters, B, 2017 Alloprevotella / ESCC 1.15 (0.82, 1.62)
Peters, B, 2017 Solobacterium / EAC 0.84 (0.72, 0.99)
Peters, B, 2017 Solobacterium / ESCC 1.79 (0.95, 3.38)
Yang, Y, 2019°° Solobacterium / CRC 0.87 (0.76, 0.98)
Chen, X, 2015% Peptococcus / ESCC 0.20 (0.09, 0.44)
Yang, Y, 2019°° Peptococcus / CRC 1.46 (1.02, 2.08)
Chen, X, 2015% Lautropia / ESCC 0.07 (0.03, 0.17)
Yang, Y, 2019%° Lautropia / CRC 1.72 (1.20, 2.45)

Note: “/” or genus with a bracket ([]) means no reported information in this level.

Abbreviations: CRC, colorectal cancer; EAC, esophageal adenocarcinoma, ESCC, esophageal squamous cell carcinoma; PC, pancreatic cancer; OR, odds ratio; Cl,
confidence interval; P. gingivalis, Porphyromonas gingivalis; T. forsythia, Tannerella forsythia; P. intermedia, Prevotella intermedia.

and S. mitis, the predominate genera in the oral cavity,’
achieved great performance in the detection of PC with
96.4% sensitivity and 82% specificity.** It is well estab-
lished that models developed from the training samples
without validation might face an overfitting problem,
which can be hard to generalize to other populations.
Such models based on a panel of bacteria may neverthe-
less provide a clue that a combination of oral microbiota
rather than a single species could be useful for cancer
screening. Combining the noninvasive methods with endo-
scopic examination, the gold standard for GI screening, to
increase screening compliance and performance has
become a major topic as of late. For example, in CRC,
stool-based tests, such as fecal immunochemical tests
(pooled AUC for different cut-offs: 0.69 [0.64, 0.73])°®
and gut microbiome detection in fecal samples (AUC:
0.68-0.95),°° have gained more attention recently for
their invasiveness and good performance. The perfor-
mance of oral multi-bacteria models is comparable to
those of noninvasive methods and has the potential to
cumbersome stool-based tests.

replace these more

However, its effectiveness has to be confirmed in further
studies.

One of the most important factors that could have
affected the outcome might be the variation in methodol-
ogy. Various kinds of samples, including saliva, oral wash-
ing, and tongue coating, were selected in the reviewed
studies. Saliva is the preferred sampling site to obtain
microbial DNA for further sequencing in oral microbiota
research. Bacterial profiles were comparable between sali-
vary samples and oral washing samples in a study that
included 10 healthy individuals.®® Besides, salivary micro-
biota tended to reflect the pathogens from other oral sites
and to be associated with the risk of oral disease.®’ In
terms of temporal stability, temporal shifts were relatively
small in saliva (both in the short term and long term).5>%3
It seems that saliva might serve as an ideal sample source
for oral bacteria related to cancer risk. However, previous
studies examining the temporal variability of the oral
microbiome using healthy participants has been limited
by small numbers of volunteers or by being focused on

only one collection site, which could hinder our
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comprehensive understanding of the clinical value of oral
microbiota.

Besides DNA sources, study designs and population
characteristics are the other major sources of bias.
A majority of included studies were designed as case-
control and recruited people in the hospital. Among the 17
included studies, 16 studies were designed as case-control
and could probably introduce bias into the results.** Disease
might have occurred before the time of sample collection,
which means that there is a large possibility that oral micro-
biota has been influenced by the treatment or other co-
morbidities. As regards controls, while most of the studies
included healthy controls, only two studies reported that the
controls had undergone endoscopies.*** In studies in which
participants did not undergo endoscopies, associations could
have been underestimated by including patients with precan-
cerous lesions as controls. Furthermore, seven of them used
data from studies conducted in America, seven in China, and
three in Europe. Cultural aspects, customs, and lifestyles of
each geographical area are likely explanations for the differ-
ences found across studies.’> > As a result of the heteroge-
neity in study designs and population characteristics,
a number of suggestions could be made for future research
to obtain a more realistic evaluation of the detection abilities
of oral microbiota for GI cancer.

There were also some limited but interesting results,
which might lead to more detailed and in-depth research in
this field. Most reported bacteria significantly differed
between patients with upper digestive cancer and healthy
controls in this review. Studies have shown that microbial
communities in the esophagus and stomach are more similar
in composition to the oral cavity than cancer in the lower
digestive tract, indicating that the upper GI tract is seeded, in
part, by oral communities.®®®” Transfer of oral bacteria to the
gut is common. Oral microbes reach the stomach through
swallowed saliva, nutrients, and drinks. Accounting for the
microbial composition similarities and common transloca-
tion patterns between the oral cavity and upper digestive
tract, changes in oral microbes might be more informative
when applied for the detection of upper digestive cancer.

In the study by Farrell et al,**
and gut microbiota increased the sensitivity about 23%,

the combination of oral

which indicated that the combination of analysis of micro-
biota both from the oral cavity and feces may assist in better
early diagnosis. Several studies®®’° have shown that gut
microbiota is a promising and noninvasive screening tool
for colorectal precancerous lesions and cancer, while repro-
ducible protocols for studying the human gut microbiome

have not been developed. Emerging evidence has suggested
the existence of oral-gut bacterial translocation. A recent
study by Komiya et al’' explored the microbial association
between the gut and oral cavity and found identical strains
of Fusobacterium nucleatum in cancer tissues and in the
oral cavity of patients with CRC. One of the included
studies in this review found evidence for extensive oral-
gut bacterial transmission, even in healthy people, and
cancer-associated strains of several species enriched in the
intestines were from the patients’ oral cavities and not from
the environment.>> Finding the transmission and interaction
patterns between the gut and oral cavity might provide
novel clues for cancer screening or diagnosis through
approaches such oral-gut bacterial transmission intervention
or control of specific bacteria in the source, the oral cavity.

The key limitation on the interpretability and general-
ization of these results is the heterogeneity between studies
selected for inclusion in our review. Due to the heteroge-
neity across the reviewed studies, we did not conduct
a meta-analysis synthesizing the results of all independent
studies. Varying sample selection and handling (storage
time, collection methods, storage medium, and storage
conditions), DNA extraction methods, targeted hypervari-
able regions, taxonomical assignments, and statistical ana-
lyses are all potential sources for bias and
heterogeneity.”> > In addition, these studies might be
underpowered because of the limited sample size.
Furthermore, studies from different ethnic and geographi-

cal regions limit the generalizability to other populations.

Conclusion

In summary, based on the current evidence, there is consider-
able interest in the use of oral microbiota to assess the like-
lihood of developing GI cancer, which needs further
validation in a large population. The variation in methodol-
ogy and relatively few studies for each kind of GI cancer
among the studies limited the analyses of this review.
Therefore, it is strongly recommended that sample types
representing oral microbiota profiles should be determined,
and the standard collection protocols should be developed so
that the results can be more comparable and conclusions can
be drawn on a large basis. Integrating both oral and gut
markers may represent a promising approach for risk evalua-
tion of GI cancer. Thus, more work needs to be done to
unravel the transmission patterns from the oral cavity to gut
and the interaction between them. A better knowledge of
mechanisms of how the microbiota communities run and
how they are involved in the development of disease can
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help identify novel preventive approaches for GI cancer by

modulating the oral microbiota through oral-gut bacterial

transmission intervention or the control of specific bacteria

in the source, the oral cavity.
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