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Abstract

Background The association between the oral pathogen Porphyromonas gingivalis (PG) and the gut microbiota
in colorectal cancer (CRC) patients has been explored with inconsistent results. This study aims to systematically
assess this potential association.

Materials and methods A systematic review was conducted across three databases (Pubmed, Embase and Web

of Science) from inception up to January 2023 and updated until November 2024. Inclusion criteria were observa-
tional studies examining PG in the microbiota of adults with CRC compared to healthy controls. Exclusion criteria
were studies without control group of healthy individuals, other designs or without full-text access. Two reviewers
independently selected and extracted data following a pre-registered protocol. Disagreements were resolved by con-
sensus or with a third reviewer. Risk of bias (RoB) was assessed using the Newcastle—Ottawa Scale (NOS). Results were
summarized with a flow diagram, tables, and narrative descriptions. Meta-analysis was not feasible, so Fisher's method
for combining p-values and the sign test were used as alternative integration methods.

Results Finally, 18 studies, with 23 analysis units were included, providing a total sample of 4,373 participants
(48.0% cases and 52.0%controls), 38.2% men and 61.8% women, with a similar distribution among cases and con-
trols. The mean (SD) age of cases was 63.3 (4.382) years old and 57.0 (7.753) years for controls. Most of the studies
analyzed the presence of PG in feces (70.0%) collected before colonoscopy (55.0%) and were classified with good
quality (70.0%) in the RoB assessment. Results suggested an effect (Fisher’s test, p=.000006) with some evidence
towards a positive association of PG in CRC patients compared to healthy controls (Sign test, p=.039).

Conclusions Results of the systematic review suggest that PG is associated with the microbiota of CRC patients. Lack
of information to calculate the effect size prevented the performance of a meta-analysis. Future research should aim
for standardized protocols and statistical approaches.

Funding No funding was received for this work.
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Introduction

Colorectal cancer (CRC) is the third most common and
the second most lethal cancer globally [1], with 1.9 mil-
lion incidence cases and 0.9 million deaths reported
worldwide in 2020 [2]. CRC is considered an etiologi-
cally heterogeneous disease influenced by both genetic
factors and modifiable environmental risks, including
smoking, unhealthy diet, excessive alcohol consump-
tion, physical inactivity, and obesity [1, 3]. Dysbiosis,
or disruption of the healthy gut microbiota, has been
associated to CRC, as highlighted by several system-
atic reviews and meta-analyses [4-9]. Gut microbiota
imbalances have also been associated with other can-
cers and a wide range of health outcomes, including
immune, metabolic, neurological, and mental health
conditions [10—19]. To better understand this complex
relationship, it is essential to identify key microbiota
components involved in the carcinogenic process [20].

Periodontitis is a chronic inflammation of the peri-
odontium, leading to tooth loss due to progressive
destruction of the supporting tissues dental support
tissue and alveolar bone [21, 22]. Primarily caused by
oral bacterial infection, periodontitis has been linked
to various systemic conditions, including cancer, and
diseases affecting the gastrointestinal, cardiovascu-
lar, endocrine, respiratory, and central nervous system
[22-25]. Two key pathogens involved in periodontitis,
Fusobacterium nucleatum (FN) and Porphyromonas
gingivalis (PG), have shown associations with CRC [26,
27]. While several systematic reviews and meta-analy-
ses have examined the role of FN in CRC development
[28-32], the specific and independent role of PG has
not yet been systematically assessed.

PG, a Gram-negative anaerobic bacterium, is con-
sidered a major etiological agent in severe periodon-
titis [33, 34] and is found in nearly 86% of subgingival
plaque samples [35]. Notably, PG has been associated
with both cancer incidence and prognosis [25], and
specifically with CRC [36* 37* 38*]. However, this
association remains controversial due to conflicting
results. While some studies have reported higher con-
centrations of PG in CRC cases compared to healthy
controls [36%, 37%, 38% 39%, 40*], others have shown the
opposite trend [41*, 42% 43*] or found no association
[447].

The aim of this study was to systematically review the
association of PG and CRC and to identify potential
risks of bias in scientific literature. The research ques-
tion was formulated using the PECO format (Popula-
tion, Exposure, Comparator, and Outcomes) [45] as: do
people (P) with CRC (O) have a different concentration
of PG (E) compared to healthy controls (C)?
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Materials and methods

This systematic review is reported according to the
PRISMA 2020 guidelines (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) [46] in con-
junction with the SWIM guidelines (Synthesis without
Meta-analysis) [47]. It was previously registered in the
International Prospective Register of Systematic Reviews
(PROSPERO 2023 registration code: CRD42023399382
(available at www.crd.york.ac.uk/prospero/)).

Study eligibility criteria

Inclusion criteria according to the PECO strategy were
as follows: a) Population: adult population; b) Exposure:
studies focused on the analysis of PG in the microbiome
of participants; ¢) Comparison: a healthy control group
without CRC or precancerous lesions; d) Outcome: a
diagnosis of CRC; and e) Study designs: observational
studies (case—control, cohort or cross-sectional) pub-
lished in English and/or Spanish. Exclusion criteria were
a) Studies with no control group of healthy individu-
als without benign colon pathology (e.g., adenomatous
polyps); b) Other study designs (e.g., reviews, case-only
or case series, non-human studies, communications
to conferences or posters, letters to the editor or opin-
ion papers); c) Studies reported in a format other than
journal article (e.g., contributions to conferences, letters
to the editor, theses, or opinion papers); and d) Studies
without access to the full text. A list of excluded studies
with their reason for exclusion was elaborated.

Information sources and search strategy

Comprehensive electronic searches were conducted to
identify studies indexed in three databases: PubMed/
MEDLINE, EMBASE and Web of Science from incep-
tion until January 2023. This first systematic search was
updated up on November 2024 to reduce the time period
between search and publication to less than 2 years, fol-
lowing the AMSTAR 2 quality criteria [48]. The follow-
ing search terms were used in both search strategies:
(colorectal cancer OR colon cancer OR rectal cancer
OR cancer of the colorectum OR cancer of the colon OR
cancer of the rectum OR colorectal neoplasm OR colon
neoplasm OR rectal neoplasm OR colorectal tumour OR
colon tumour OR rectal tumour OR colorectal carcinoma
OR colon carcinoma OR rectal carcinoma) AND (Por-
phyromonas OR Porphyromonas Gingivalis) (see Supple-
mentary Table 1 for a specific description of the search
strategy used in each of the databases). No filters or
restrictions related to time frame, sample size, ethnicity/
race, type of sample, extraction method, or microbiota
analysis were placed in the search strategy. The refer-
ences cited in each included study and the review articles
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found were manually searched to identify other poten-
tially eligible studies. To describe the study selection pro-
cess, a flow chart was used following the PRISMA 2020
guidelines [46].

Selection process and data extraction

The titles and abstracts of initial studies identified were
manually screened to remove duplicates and clearly
ineligible studies. Next, full-text articles were evalu-
ated according to the inclusion and exclusion criteria.
For included studies, we extracted data on the following
categories using a previously defined protocol: i) iden-
tification data of the study (e.g., author, country, jour-
nal, language and year of publication); ii) methods (e.g.,
study design, sample sizes, case definition, and variables
adjusted for in the statistical analyses); iii) sample char-
acteristics of cases and controls independently (e.g.,
percentage of males, mean age, BMI (Body Mass Index)
and ethnicity, among others); iv) risk of bias assessment
(described in more detail below); v) information related
to the CRC cases (e.g., diagnostic confirmation of the
CRC, exclusion from the study due to any gastrointes-
tinal illness such as inflammatory bowel disease or any
restriction of last antibiotic consumption, among others);
vi) exposure definition related to PG (e.g., type of biologi-
cal sample (biopsy, feces or saliva samples) and time of
sample collection, frequency of PG in specimens, tech-
nique used to detect and quantify the bacterium load,
and main results, among others). If an included article
reported two or more studies with independent samples,
or the analyses were performed on different tissues from
the same participants, they were considered as independ-
ent units of analysis in the database. Two reviewers (ANS
and MAN) independently participated in both the selec-
tion and the data extraction processes. Disagreements
were resolved by consensus or by the intervention of a
third reviewer (FNM).

Risk of bias assessment

The risk of bias of each of the selected studies was
assessed using the Newcastle—Ottawa Scale (NOS) for
observational studies [49]. The NOS consists of eight
items grouped into three dimensions: selection, com-
parability, and exposure. A star scoring system is used
to evaluate the quality. A total quality score (TQS) of
each individual study was calculated by adding all stars
(range =0-9, with a higher score indicating higher over-
all quality). Study quality was categorized as good, fair, or
poor, according to the Agency for Healthcare Research
and Quality (AHRQ) thresholds for converting NOS
scores) [17, 30, 50]: i) Good quality: 3 or 4 stars in selec-
tion domain AND 1 or 2 stars in comparability domain
AND 2 or 3 stars in outcome/exposure domain; ii) Fair
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quality: 2 stars in selection domain AND 1 or 2 stars in
comparability domain AND 2 or 3stars in outcome/
exposure domain; iii) Poor quality: O or 1 star in selec-
tion domain OR O stars in comparability domain OR 0
or 1 stars in outcome/exposure domain. In addition, two
other characteristics of the studies that could be related
to a potential risk of bias specifically related to the analy-
sis of the samples were added: whether it was specified
that analyses were performed blind to the case/control
status and whether any quality assessment procedures
were implemented in the measurement of PG. A tabu-
lated synthesis and a narrative description of results of
included studies were carried out, as well as a descrip-
tion of the risk of bias assessment of individual included
studies. The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach was
used to globally evaluate the quality of evidence [51] and
presented using the Cochrane’s template for assessing the
GRADE criteria [52].

Statistical analysis and synthesis of results

To evaluate the reliability of the selection and data extrac-
tion processes, the inter-rater agreement was calculated
using Cohen’s kappa coefficient. Although the protocol
for this systematic review stated that meta-analysis would
be used for the statistical integration of findings, this was
not feasible due to the lack of information in the primary
studies to compute an effect measure. Instead, alternative
synthesis methods were considered following guidelines
from the Cochrane Handbook [53]. First, we undertook
a combination of p-values using the method proposed by
Fisher [54] to address the question ‘Is there evidence of an
association between PG and CRC in at least one study?
Second, we used vote counting and performed a sign test
to answer the question ‘Is there any evidence of a higher
PG concentration in the gut microbiota of CRC patients
compared to healthy controls?. As no meta-analysis was
performed, it was not possible to properly assess heter-
ogeneity. Fisher’s exact test was used to evaluate differ-
ences in different variables between those analysis units
with and without an increase in PG concentration among
CRC patients. Variables analyzed included reporting BMI
of participants, exclusion criteria of participants (ante-
cedents of digestive tract diseases, prior antibiotic use,
use of probiotics or prebiotics), sample type and when
they were collected, quantification measures reported,
and the two NOS items with less than 75% of adherence
(NOS-S.3 Representativeness of cases; and NOS-E.3
Non-response rate reported). For both tests, we consid-
ered the standard 5% threshold for statistical significance
(p-value<0.05). All statistical analyses considered an
alpha level of 0.5 and were conducted in R [55].
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Results

Study eligibility and data extraction

Figure 1 provides an overview of the two systematic
searches and selection processes using a flow diagram. A
total of 1,479 articles were initially found with 31 addi-
tional studies identified through backward searching of
references from the included studies. After removing 337
duplicates and two retracted articles, 1,134 remained for
screening. A preliminary review of titles and abstracts
led to the exclusion of 1,029 articles. The full texts of the
remaining 105 articles were evaluated against the inclu-
sion and exclusion criteria, resulting in the exclusion
of 87 articles (see Supplementary Table 2 for the list of
excluded studies and the primary reasons for exclusion).
Finally, 18 studies were included in the systematic review
[36% 37% 38% 39% 40% 41% 42% 43* 44*, 56* 57*% 58%,
59%, 60% 61% 62%, 63* 64*]. Four of the included articles
published results from different cohorts [57%, 58% 61%
64*], leading to a total of 23 analysis units across 18 stud-
ies. The mean (SD) Cohen’s kappa inter-rater agreement
coefficient was 0.59 (0.26) for the selection process and
0.68 (0.32) for data extraction.

General description of included articles
A total of 23 units of analysis from 18 observational stud-
ies were included in the systematic review, encompassing
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4,373 participants (2,098 (48%) cases and 2,275 (52.0%)
controls). The general characteristics and main results of
the included articles are summarized in Table 1. Sample
sizes varied significantly, ranging from 17 participants
[41%*] to 764 [59*]. Sex distribution of the total sample
included 1,672 (38.2%) men and 2,703 women (61.8%)
with a similar distribution within cases (786 (37.5%) men
and 1,312 (62.5%) women) and controls (886 (38.9%)
men and 1391 (61.1%) women). The mean (SD) age of
the cases was 63.3 (4.392) years, compared to 57.0 (7.753)
years for controls. Ethnicity was considered in three
articles (13.0%), which primarily distinguished between
African-American participants, Caucasians, and other
ethnicities.

Among the exclusion criteria used to select partici-
pants, 60.9% (n=14) of the studies excluded individuals
who had taken antibiotics, particularly within the month
preceding sample collection. Additionally, 60.9% (n=14)
of the included articles excluded participants with a his-
tory of gastrointestinal disease (e.g., acute or chronic
diarrhea, irritable or inflammatory bowel disease, or hep-
atitis, among others). Table 1 reflects the variability of all
other different exclusion criteria applied in 65.2% (n=15)
of the studies. Most studies (#=16, 69.6%) analyzed PG
only in fecal samples in the case—control analyses, three
studies (13.0%) obtained only oral samples (saliva or

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Fig. 1 Flow diagram describing the search and selection process



Page 5 of 22

(2025) 25:395

Navarro-Sanchez et al. BMC Cancer

(sueiseoned) Ajuew
-1d) SI19Y10 9498 159y
snd

- osull [elQ - ON ON -016 y10q Ul %L WY ly/ce  CCl/89 N [xE¥] 910C O1RY
SOWOIPUAS
- eAljes Dy Arenpaloy RN S9N LE/ LL] 1L Aoqung [xC¥] 610C UsAND
‘ow
(LGsjoh L ulynm uonduwns
-U0)) !87:535D) IV -uod dnoigaud Jo
(Ot:s|01u0D sopojqoud ‘A1abins (Yuowl 1se))
‘e 's95eD) 210jeg S92 [eunsauionses SOA SIA - 8E/ ¥ 16/ 1L eulyd [x9¢] 120T 0eD
10eJ} 9ANSABIP UO
A12bins Jusmispun
PRy "Yauow | Ujyum
SD110IUAS 10 $DI
-101g2.d ‘sa1301g0.4d
‘lougiyul dwnd
uojoid passisiuiwpe
‘10351Y J9DURD AUE
:5|03U02 Ay3jeaH
Adelayiowayd 1o
AbBojolpel Juamispun (Yiuow 1se))
Adodsouojod sayy 9034 'syusned ssdued SoA SoA - 7€/ 19 €L/ 001 eulyd [x0%] 020z 0eH
uon
Adodsouojod ai0jeg S9D9{  -DdyUl DIWISAS Auy SIA SOA - 8/6G oL// jselg  [xl¥] SLOZ ebnyny
syuswiealy Josaud
-dnsounwwi /syueid
-suel] ‘DyD o1 uon
-1sodsipaid dlwouan
‘Adessyiolpes/Ade
-1ayloway) ‘saseasip
[eo1BojoUNWIWI 1O
sajdwies 479 pue (Stpuow ¢ >) (Yuowr 1) [x99]
Adodsouojod ai0jag AI[eS 5939 SNoRd3yU| SIA SIA - 1L/1S 0£/€6 uteds 70T Z249d-9puod
l6€]
- 59094 - ON ON - -/al L/Lz dABI zzoz Aextos-3 1epy
(pouad awn)
s|dwes 0y saseasIp
awn eus1dd  Joud asndnoiqiue 1.4 9A1Sa61p ((%) oN) Jonuo)  [osiuo)
uoida|jod ajdwes sajdwes d160|oig uoisnpIXa 1BYI0 Jo K101sIH Jo AI01SIH  |o;uo)/ase) adey /ase) UdW N /3se)oN A1unod 1eak Joyiny

eLIR)LID UoISN|IX]

SoIpNis pspn|dul JO Co_uQ_\_Ume L 9|qelL



Page 6 of 22

(2025) 25:395

Navarro-Sanchez et al. BMC Cancer

Adoosouojod yinoyum
‘sjonuoyAdodsou

-0]0D 210j3g 153580 FEWES| - ON ON - LE/9¢ §9/09 Aueuwnsn (435 1oyoD)
sassau||l
SNOWSS 19410 IO
SI9PIOSIP dl1elydAsd
'95e3s|p 1e|NdSeAOIp
-1ed Iadued ‘ons
‘ellusWap pasoubeip
-ueIsAyd Inoyum
1$]0J3U0D AYijeaH
(¢ssion Jdo4o
-U0D) H7:535D) 1YY A10151y snoiaaid 1o
(LZ:s|oluod SIUWOIPUAS DYD Aiey (syruow ¢ 1sey)
‘0€ :S95BD) 210499 S3294  -IpaJsy Ylim siuaneq SOA SOA - €€/ 8y S/ vl eulys (NHD 1oyoD)
(syauow ¢ se)) (SNv 1oyod)
Adoasouojod 210499 S92 - SOA ON - LE/8C €9/9%  elsny [x85] ¢coz ni
Juswiea)
Bueis a10jaq pue sis +Hoyod
-oubelp Jo aulil 9yl 1y $9294 - - - - €S/ €Vl ¥6/8EC  USpamS NVD-N
soplige
-sIp |eaisAyd pue
[eausw buipnppul
‘snie1s aouewliofad
MO| pUB PIIUSWISP Hoyo> NSO34
S198M | UIyIM NS
Adodsouo|od al0jog FERES| Adodsouojo) - - - €€/0¢ €9/8€  UIPaMS €207 XNaIpIay
(poriad awn)
9|dwes 0} saseasip
awn eu91d  Joud asndnoiqnue 1oe4) 9A1SabIp ((%) oN) Jonuo)  [osuo)
uo1339]|0> 3| dwes s9jdwes >160|01g uoisn|dXa 1BYI0 Jo K103s1H Jo AI0ISIH  |o;uo)/ase) adey  /ase) UdW LN /3se)oN Aunod 1eak ‘loyiny

©14931D UoIsn|dx3

(panunuod) L ajqey



Page 7 of 22

(2025) 25:395

Navarro-Sanchez et al. BMC Cancer

uoneuwojul [euosiad
919|dWOod INoYUM
950y} Jo ‘Addodsou
-0]02 JO SKep ¢ ulyum
S|dwies |edae) e Ylm
‘uonounysAp oneday
21935 ‘A1961Ns
SAIIDNIISUOD3)
|eunsaiuloliseb
auobispun pey oym
950y :S|0UOD pue
syuaied yiog
Inowny
ewoUIDIEDOUSPE
uou e yum Dy 1o
UO[129534 JNnowin}
21dodsopus Joye
p3123]|0d 3Jaym
sajdwies [edaey Jo
'U01153|0d 3|dwies
|ed9R) 21049q Adeiay)

Adodsouo|od 210499 334 yopeipes 1o Adesay SIA SOA - - 60l /68T uedef (¢ 1oyoD)
-OwWaYd PaAISdal (1 1oyoD)
Adodsouojod al0jog S929{  JOYym 3soy syualied SIA SIA - - $8€/08¢€ ueder  [,65] LZOZ BINWNYO
(poriad awn)
9|dwes 0} saseasip
awn eua1dd  Joud asndnoiqnue 1oe4) 9A1Sab6Ip ((%) oN) jonuo)  [osuo)
uo1339]|0> 3| dwes s9jdwes >160|01g uoIsn|IXa 1BYI0 Jo K103s1H Jo AI0ISIH  |o;uo)/ase) adey  /ase) UdW LN /3se)oN AJunod 1eak loyiny

©14931D UoIsn|dx3

(panunuod) L ajqey



Page 8 of 22

(2025) 25:395

Navarro-Sanchez et al. BMC Cancer

Adodsou
-0|0D J3)je pue 210)9g

Adodsouo|od 2i0jog
Adodsouo|0d 210499

Adodsouo|od al0jog

PAI|ES pUP
Asdoiq ‘sa224

5909
5909

5909

siowny
Jueubijew jo sadAy
12410 "YIuow-| Ul
uonedIpaul brup
Aio1ewweyul-nue
[PPIOIISUOU JO
AI01SIY JOLd

S95E3SIP [eunsal
-uronseb jo A1o1siy
Ajludey aAnebau pue
el 9A0GE SY3
'S|0U0D)

aUNSaUl Y3 JO
J130Ued AUe Jo 10}
-SIY ‘syiuoud ¢

1sed ay1 uIyIM
Awolole10uiyds pue
Aydeiboieasoued
-olbuejoydapelboial
oidodsopua ‘Adod
-sopua ‘Aydesbouos
-opua buipnpul)
Syuow € ulyum
UOIIUSAJRIUI [EDIP3W
SAISBAU| UB 131p Uel
-1e19ban ‘| syruow

9 1sed ay1 ulyIm
sonoiqoud pue
sopoigaud buisn

(Yauow 1se))
SOA

OoN
ON

(Syauow 9 1se))
SOA

ON -
(96)

S/(0ST el sIPYI0

'8 %7€ "dSIH-UON

(r'06) L / (0'SL) 6€

ON  :©9MYm djueds|H-UoN

SOA

SOA -

SL//L

JAYNAS

aL/cl

0€/0¢

¢S/ ¢S
¥/ 6C

Le/0c

eulyd [x/€] e170T Buepm

SN [19] 9107 uuewibop
Ajey [«7¥] 6107 OJje1eL

(x09]

uel| 8107 uejosezay

awn
uo1339]|0> 3| dwes

sajdwes >160|01g

eLdd
uoisnPxa 19410

(pouad awn)
9|dwes 0}

1oud asn >noiqnue
Jo K103s1H

saseasip
11} 3A1S36Ip
Jo K101s1H

((%) oN)

©14931D UoIsn|dx3

|o13uo)

|o53uo)

|Josuo)/ase) dey  /ase) UsW oN  /3se)oN  AJunod

1eak ‘loyiny

(panunuod) L ajqey



Page 9 of 22

(2025) 25:395

Navarro-Sanchez et al. BMC Cancer

Japuab pue abe Aq paydiew A3suSp pue eI UOISN|IX3/UOISNDUL BWES 3Y3 UM HOY0d NSIIH 3Y3 WOl pa3da|as d1am 193foid NYD-N 3Y3 Ul S|03u0)d

(NVD-N pue N$D34) SH0Y0d y1oq ul papn|pu a1am syuaned y|
piny Jend1AsLd [ealbuln 439,

Aj2Aneiadoaid Ajuo usalb a1am sd1oIqRUB ON |,

suedLBWY-UedLY

vV ‘sueduawy-ueadoin] 3 ‘Auewisn Y35 ‘eulyd NHD ‘eljenisny SOy ‘WNiosuo) J19due) aalsusyaidwo) eswn-ejesddn NyD-n ‘eawun ul Apnis [e10310]0D) 31dodsopul pue |94 1/0Yy0d 1S)F ‘49dUeD [e13310]0D) DY

Adoasou
0|02 Aduabiawa 10y
pasu 10 DY ‘A1sbuns

[P}D314 1O UOJOD

Adodsouojod ai0jag $9294 snolAaid INOYM ON SOA - 8¢ /6¢ 19/ €S souel [x¥9] 10T J3]]97
19pIOSIp [erusW Sno
-119s pue buidues o3
Joud yiuow | spio
-12150211403 DJW3}
-SAS YiM JusuiIeal}
SNONUIUOD Y109
yeidn sonoigoud
w31 buoy ‘(uonLi
S9994 SIOUOD - _nyjew Jo ss19qeIp
auun g .
Adodsouojod al0jag pOoO|q 93} 159587 CE<INg) aseasip SIA SIA - €7 /€€ o /9% eulyD  (HoOYod uonepljep)
: DI|0geIBI S|0JIUOD : R
$329) :5|0J1U0D Adeiayrolpel
auun g ‘pjo s1eak 9/ <o (11040d UlB)
Adodsouo|od alojag poo|q 's333} 15358 g1 >:S1ualled SIA SIA - 97/ G€E G5/ TS eulyd [x29] 0Z0T Bueh
Q0L /(90
9181910 (r'vL) EVE
(shep £ 3se)) /SYLTLLWY (0€ED)
Adodsouojod aiojag SSUL YINOW - SOA ON 901 /(0°€T) €5 V3 G8l/€6 19r/leC SN [+£9] 6107 Buea
uonesado ays jo
SIeaA G UIyIM SIsou
Adodsouo|od Jaye -Belp Jadued Jay1o 1o
%93am | Jo uonesedaid sisoubelp Jadued
|omoq 03 Jolid S929{  SNOUOIYDUAS UMmouy| 4+ ON SIA - - /€t eulyd [x8€1 120Z buep
(poriad awn)
9|dwes 0} saseasip
awn eua1dd  Joud asndnoiqiue 1oe4) 9A1Sa6Ip ((%) oN) jonuo)  josiuod
uo1339]|0> 3| dwes sajdwes >160|01g uoisn|IXa 1BYI0 Jo K1031s1H Jo AI0ISIH  [o;uo)/ase) adey /ase) UBW LN /3se)oN Aunod 1eak ‘loyiny

eL=14d uolisn|3x3y

(panunuod) L ajqey



Navarro-Sanchez et al. BMC Cancer (2025) 25:395

rinse) and three analyses units (13.0%) collected multi-
ple samples (feces, saliva and biopsy). Finally, another
study (5.0%) collected fresh stool, blood and urine from
patients and only fresh stool from healthy controls In
56.5% (n=13) of studies, fecal samples were collected
prior to colonoscopy, while only one study (5.3%) col-
lected the sample after the procedure [40*]. Four studies
(17.4%) collected samples both before and after colonos-
copy. One study (4.3%) was at the time of diagnosis, and
in three other studies (13.0%), the time of sample collec-
tion was not specified.

Table 2 describes the principal participants charac-
teristics associated to factors known to be related to the
microbiome composition and CRC development. Many
study units provided data on mean age (13, 56.5%) and
BMI (10, 43.5%). However, some did not report this
information (10, 43.5%, and 13, 56.5%, respectively).
or presented data in formats that precluded calcula-
tion of average values [56*], intervals [43* 63*] or bar
charts [59*]. The mean (standard deviation, SD) BMI was
25.4 (4.292) and 23.9 (1.606) among cases and controls,
respectively. Only three analysis units (13.0%) reported
periodontitis antecedents of participants [38*, 56*, 63*],
five (21.7%) alcohol consumption [38*, 43*, 56*, 61*, 63*],
six (26.1%) smoking status [38%, 43*, 56* 60%, 61%, 63*],
two (8.7%) physical activity [56*, 60*] and education
[61*], one (4.3%) non-steroidal anti-inflammatory drug
use [43*], diabetes mellitus [60*], oral hygiene [38*] and
caffeine consumption and sleep disorders [56*]. Regard-
ing CRC disease characteristics in cases, 13 analysis units
reported both cancer stage and location of the cancer fol-
lowing the TNM or AJCC classification (Weiser, 2018).

Main results

Most studies (n=17; 73.9%) reported their results in
terms of relative abundance (see Table 3). Different meth-
ods were used to detect PG in samples, the majority of
studies (n=14, 60.1%) employed sequencing techniques.
Of these, 64.3% (n=9) used 16 s rRNA sequencing, and
the remainder conducted metagenomic sequencing (see
Table 3). Nine analysis units (39.1%) used PCR based
techniques (PCR/rtPCR/qPCR).

Of the 23 analysis units, 18 of them (78.3%) found an
increased detection of PG in cases of CRC compared
to healthy controls, 4 (17.4%) found no difference or a
normal concentration and the PG concentration was
diminished in only 1 unit (4.3%) [44*]. However, only 13
units (56.5%) provided p-values testing the association
between PG and CRC, and only 6 of them were signifi-
cant providing an increased concentration (26.1%) were
significant.

Using Fisher’s method to combine these yielded a
result of x3 = 88.84165; p=0.0000001, indicating
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evidence of an effect in at least one study. The sign
test based on the same dataset yielded a value of
Z=2.065591; p=0.038, suggesting some evidence of
a higher concentration of PG in the gut microbiota of
CRC cases compared to healthy controls. Sensitivity
analyses removing one result to address dependencies
(Okumura 2021, early CRC cases, shared control group)
yielded similar results (X228 = 85.74402; p=0.0000001
for the combination of p-values, and Z=1.870829;
p=0.061) for the sign test based on vote counting.

Risk of bias analyses

Table 4 presents the results of the risk of bias assess-
ment for the included studies, conducted using the
NOS scale along with two additional criteria. The aver-
age NOS score was 6.4 (SD: 1.4, range: 2 to 8) of a total
of 9. According the Agency for Healthcare Research
and Quality (AHRQ), 15 analyses units (65.2%) were
classified as good quality, 3 (13.0%) as acceptable and 5
(21.7%) as poor quality. Nearly all analyses units (n = 20;
87.0%) were adjusted for more than one variable, gener-
ally age and BMI. However, only two studies controlled
for smoking [38, 63*], and only one accounted for alco-
hol consumption [38] and dietary patterns, such as
vegetarianism [60*]. The factors with the highest risk
of bias (greater than 50%) were the representativeness
of the cases (NOS-S.2) and the absence of information
regarding response rates and participation attrition
(NOS-E.3), as illustrated in Fig. 2. Furthermore, none
of the studies reported conducting analyses blinded to
case—control status, and the majority (n=15; 65.2%)
used internal methods to assess the quality of labo-
ratory analyses. According to the GRADE system
[51], current certainty of evidence for the association
between PG with CRC is very low. This assessment was
based on the observational nature of the study designs
(initially rated as Low) and was further downgraded
according to GRADE criteria (see Supplementary
Table 3).

Potential sources of heterogeneity

Since a meta-analysis could not be performed, a for-
mal heterogeneity analysis could not be implemented
either. However, to detect potential sources of hetero-
geneity, the number and percentage of studies with the
main characteristics by increased PG concentration
detected in CRC patients compared to controls is pre-
sented in Table 5. Only reporting participants’ BMI was
significatively associated to an increase detection of PG
concentration in CRC patients.
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Table 3 Main results of included studies
Author, year Detection Quatification Results in cases Results in p-value original ~ Sign  P-value analysis  Deteccion
method measures controls P.gingivalis
reported
Adel EI-Sokkary, Real-time PCR Number of posi- 10 (37%) 0 (0%) - + 12310 Increased
2022 [39%] tive measures (%)
Conde-Pérez, 2024 16S rRNA gene Relative abun- *) *) n.s - - Increased®
[56%] sequencing dance
Fukugaiti, 2015 gRT-PCR Number of posi- 7 (100%) 10 (100%) 5 + 2500 Normal
[41%] tive measures (%)
Gao, 2020 [40%] 16 s rRNA Relative abun- *) *) - - - Increased
sequencing dance
Gao, 2021 [36%] DNA metagen- Relative abun- * *) - - - Increased
omic sequencing  dance
Guven, 2019 [42*]  Real-time PCR Number of posi- 54 (76.1%) 58 (75.3%) 917 - 5415 Normal
tive measures (%)
Kato, 2016 [43*] 16 s rRNA Relative abun- *) *) - - - Normal
sequencing dance
Kerdreux, 2023 Real-time PCR Relative abun- 1 (38%) 0 (0%) ns - - No differences
[57%] dance
FECSU cohort
U-CAN cohort Real-time PCR Relative abun- 13 (5.3%) 0 (0%) 028 + 0140 Increased
dance
Liu, 2022 [58%] Shotgun metagen- Relative abun- (*) *) .00008 + .00004 Increased
(Cohort AUS) omic sequencing  dance
(Cohort CHN) Shotgun metagen- Relative abun- *) *) 5116 + 2558 Increased
omic sequencing  dance
(Cohort GER) Shotgun metagen- Relative abun- *) (*) 153 + 0765 Increased
omic sequencing  dance
Okumura, 2021 16 s rRNA Relative abun- * * 1000259 + 00013 Increased
[59%] sequencing dance
(Cohort 1)
(Cohort 2) 16 s rRNA Relative abun- * * 425 (%) + 2125 Increased
sequencing dance 0297 (°) + 01485
Rezasoltani, 2018  Real-time PCR Abundance Mean (SD)=24.58 Mean (SD)=27.96 - - Increased
[60%] (7.36) (2.75)
Tarallo, 2019 [44¥] 16 s rRNA Relative abun- Median=.03; Aver- Median=.05; Aver- .0798 - 9601 Diminished
sequencing dance age=.05 age=.09
Vogtmann, 2016 16 s rRNA Relative abun- Mean rela- Mean rela- 4980 + 2490 Increased
[61%] sequencing dance tive abun- tive abun-
dance=6.89E-06; dance=1.81E-06;
Wang, 2021(a) 16 s rRNA Abundance *) *) - - Increased
[37%] sequencing
Wang, 2021(b) Q real-time PCR Relative abun- * *) <.01 - Increased
[38%] dance
Yang, 2019 [63*] 16 s RNA Relative abun- 150 (64.9%) 296 (64.2%) 8 - 6000 Increased
sequencing dance
Yang, 2020 [62*] gPCR Relative abun- 002347 0.000641 0216 Increased
(Cohort) dance
(Validation Cohort) gPCR Relative abun- 004457 0.002046 0216 + 01078 Increased
dance
Zeller, 2014 [64%] Metagenome Abundance 2 (3.8%) 2 (3.3%) NA + 4427° Increased
sequencing

FECSU cohort Fecal and Endoscopic Colorectal Study in Urmea; U-CAN Uppsala-Umea Comprehensive Cancer Consortium, AUS Australia, CHN China, GER Germany
(*) Results are presented in a graphic; (a) early CRC cases compared to healthy controls; (b) advanced CRC cases compared to healthy controls

2 PG. relative abundance was measured, however, evaluation of the detection was presented as Porphyromonas in general

b Calculated using frequencies reported;

n.s.: not statistical significance
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Discussion

To the best of our knowledge, this study represents the
most comprehensive exploration to date of the specific
relationship between Porphyromonas gingivalis (PG) and
CRC. This systematic review synthesizes findings from 18
case—control studies comprising 23 units of analysis that
assessed the presence of PG in CRC patients compared to
healthy controls. The results indicate that PG concentra-
tions are higher in CRC patients compared to controls.
Additionally, several of the included studies also reported
associations between PG and other adenomas [36%, 37%,
40%, 59*, 60*], as well as with the risk of developing ade-
nomatous polyp and polyp size [60, 24], digestive cancer
[65], in particular gastrointestinal cancer [12]. In these
studies, PG was identified as one of the most prevalent
pathogens in the gut microbiota of CRC patients. Our
results also align with evidence linking other oral path-
ogens to CRC. For instance, several meta-analyses have
suggested that Fusobacterium nucleatum (FN), one of the
most prevalent oral pathogens implicated in periodonti-
tis, is associated with CRC compared to healthy controls
[29-32], particularly as a risk factor for metastatic CRC
[28]. Another oral pathogen, Parvimonas micra, has also
been associated with CRC [66, 67]. Periodontal bacterial
infections appear to increase cancer incidence [25], and
this association is particularly evident in CRC [68].

This systematic review also underscores the need
for careful consideration of potential confounders and
sources of variability. Case—control studies included in
this review exhibited relevant heterogeneity in measure-
ment and reporting methods (e.g., sample type, timing
of collection- pre- vs. post-colonoscopy, and sequenc-
ing technologies) which precluded the possibility of
conducting a meta-analysis. Among the analyzed vari-
ables, only reporting BMI showed a significant asso-
ciation with higher PG concentration in CRC patients
with obesity (BMI>25 kg/m?). Obesity is recognized as
a strong risk factor for CRC [69, 70]; however, less than
45% of the analysis units measured BMI data. However,
the small number of analysis units reporting other vari-
ables warrants a cautious interpretation of these findings,
regardless of their statistical significance. Several studies
suggest that patients with inflammatory bowel disease
[71, 72], chronic liver diseases [73], and systemic chronic
inflammation [74] may have an increased risk of CRC.
Furthermore, excluding participants who used antibiotics
prior to sample collection seems reasonable, as antibiot-
ics not only alter gut microbiota composition [75], but
have also been associated with an increased risk of CRC
with cumulative use [76]. Probiotics may play a protec-
tive role in preventing CRC [77]. However, only 14 analy-
sis units (60.9%) considered digestive diseases and prior
antibiotic use as exclusion criteria, while just 5 (21.7%)
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included probiotics or prebiotics use as a criterion for
participant selection. This omission represents a poten-
tial source of selection bias.

Similarly, ethnicity, a factor influencing microbiome
composition [78] and CRC association, was reported in
only three analysis units (13.0%). For instance, FN has
shown a stronger association with CRC in Asian popu-
lation compared to American or European populations
[30]. Other important CRC risk factors, such as smok-
ing [79, 80] and alcohol consumption [81, 82] were also
infrequently reported. It is notable that only three stud-
ies (13.0%) assessed a history of periodontal diseases,
despite the focus on one of the most prevalent periodon-
tal pathogens. Moreover, just two (8.7%) examined physi-
cal activity, a healthy lifestyle known to influence gut
microbiota [83, 84] and considered as a protective factor
against CRC [85]. Critical information, such as the timing
of sample collection, were not reported in some studies
[39% 42* 43*] and in one case [40, 86—88]. Additionally,
studies employed various sequencing technologies have
been used. Advances in genomic research over the past
decades have introduced newer sequencing methods [89,
90]. Special attention should be paid to the sequencing
technologies used as differences in quality, diversity and
abundance of microbial data between them have been
reported [91, 92].

Risk of bias assessment indicated that most stud-
ies were of good or acceptable quality, according to the
Agency for Healthcare Research and Quality (AHRQ) cri-
teria [17, 30, 50]. However, when evaluated using GRADE
criteria [51], the certainty of evidence was deemed very
low. This was primarily due to the observational nature
of the study designs and their inherent limitations to sup-
port causal relations. Several key issues require greater
attention in future research. Specifically, the representa-
tiveness of the cases was often inadequately addressed, as
many studies failed to specify whether all eligible cases
with the outcome of interest were included, or if they
were selected from a defined healthcare center. Addition-
ally, information on the non-response rate for both cases
and controls was frequently lacking.

Several strengths of our study should be highlighted.
First, the study protocol was pre-registered in PROS-
PERO, ensuring transparency and methodological rigor.
Second, quality assessment and risk of bias [93], as well
as the quality of evidence, were assessed using the NOS
[49] and GRADE criteria [51]. Third, two researchers
independently conducted the study selection and data
extraction processes, with disagreements resolved by
consensus or participation of a third reviewer. Neverthe-
less, some limitations at both the study and review lev-
els should be carefully considered. At the study level, two
primary issues were identified. First, the data extraction
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Fig. 2 Risk of bias assessment according to the NOS (Newcastle-Otawa Scale)

process was complex and challenging due to incomplete
reporting. However, the use of a pre-defined and regis-
tered protocol, along with independent coding by two
reviewers, mitigated some of these challenges. Adop-
tion of reporting guidelines, such as the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement [94], specifically aimed at improv-
ing the quality of reporting in observational studies,
could greatly facilitate data extraction in future research.
Second, the presence of PG in CRC patients may have
been underestimated, as we only included studies that
specifically provided species-specific data on PG data.
Several excluded studies reported microbiota findings
only at the genus level (Porphyromonas), without species-
level details. Previous systematic reviews [25, 65, 95-97]
and other excluded studies [98—101] have also identified
significantly elevated levels of the Porphyromonas genus
in CRC cases. Future research should focus on identify-
ing specific altered species associated with CRC, also
including other members of the Porphyromonas genus,
such as Porphyromonas asaccharolytica, which may also
contribute to CRC development [102].

At the review level, the main limitations were the
scarce number of included studies and the heterogeneity
in their analytical methods and result presentation. This
variability precluded the use of meta-analysis, leading us
to adopt Fisher’s method for combining p-values instead.
While this approach offers a more robust alternative to

narrative synthesis, it has notable limitations. It does not
provide information on the magnitude of the effect size,
cannot distinguish between evidence from large studies
with small effects and small studies with large effects,
and, finally, makes the interpretation of test results more
challenging [53]. The development of standardized and
reproducible protocols will greatly facilitate forthcom-
ing meta-analysis. These protocols should include clear
inclusion and exclusion criteria (e.g., history of gastro-
intestinal diseases, prior use of antibiotics, prebiotics or
probiotics, or other treatment affecting gut microbiota,
among others), standardized sample handling proce-
dures (e.g., collection methods, storage conditions, and
duration), consistent analytical platforms, and effect size
measures. Additionally, protocols should identify a core
set of confounding factors to control for, such as BMI,
dietary habits, alcohol consumption or smoking [65, 103].
Implementing such protocols will reduce risk of bias and
heterogeneity across studies, thereby enhancing the reli-
ability and comparability of findings. Consequently, these
efforts will improve the feasibility and robustness of
future meta-analyses.

PG is a Gram-negative, anaerobic oral bacterium, and
a major pathogen in severe adult periodontitis [33, 34].
It has been implicated in gut dysbiosis and in the CRC
development [26, 104, 105]. This raises two critical ques-
tions: how does this oral pathogen disseminate to dis-
tant organs, and what are the underlying pathogenic
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Table 5 Description of items by subgroups

Total Not increased Increased
Number of Unit of Analysis 23 5(1.7) 18(78.3)
(%) #
Exclusion criteria in participants
Antecedents of digestive tract diseases
No 9(39.1) 2(400) 7(38.9)
Yes 14 (60.9) 3(60.0) 11(61.1)
Prior antibiotic use
No 9(39.1) 3(60.0) 6(33.3)
Yes 14 (60.9) 2 (40.0) 12 (66.7)
Biological samples
Feces 16 (69.6) 3(60.0) 13(72.2)
Oral 3(13.00 2(40.0) 1(5.6)
Mixed 40174 - 4(22.2)
Sample collection time related to colonoscopy
Before 13(65.0) 3(100.0) 10 (58.8)
After or mixed 7(350) - 7(41.2)
Quantification measures reported
Ne positive measures 3(13.00 2(40.0) 1(5.6)
Relative abundance 20(87.0) 3 (60.0) 17 (94.4)
High risk of bias (RoB) >25%
NOS-S.3) Representativeness cases
No 19 (82.6) 3(60.0) 16 (88.9)
Yes 4(174)  2(400) 2(11.1)
NOS-E3) Reporting non-response rate
No 21(91.3) 4(80.0) 17 (94.4)
Yes 2(87) 1(20.0) 1(5.6)
Quality assessment in analyses
No 8(34.8) 4(80.0) 4(22.2)
Yes 15(65.2) 1(21.7) 18 (78.3)

Values in brackets are percentages by column (within each column)

mechanisms driving its role in CRC? One hypothesis
is that bacterial toxins or metabolites produced by PG
may promote carcinogenesis at distant sites [105]. How-
ever, the detection of PG in the gut microbiome indi-
cates direct colonization of the colon. While exogenous
sources (e.g., environmental exposure) may contrib-
ute, evidence strongly supports endogenous coloniza-
tion originating from the oral cavity. This likely occurs
through the continuous swallowing of oral bacteria or via
bacteremia with PG surviving the acidic gastric environ-
ment of the stomach to reach the colon [26]. The exact
mechanism by which PG contributes to CRC remains
unclear, though several pathogenic pathways have been
proposed. For instance, PG may modulate the immune
response, fostering dysbiosis and promoting can-
cer development [106]. Periodontitis triggers a robust
immune response, including elevated pro-inflammatory
cytokines, increased serum C-reactive protein (CRP),
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and reduced anti-inflammatory markers such as inter-
leukin-10 [24]. Other proposed mechanisms include the
induction of cellular senescence through butyrate secre-
tion [59, 107]; and recruitment of myeloid cells along-
side activation of the hematopoietic NLRP3 (Nod-like
receptor pyrin domain-containing 3) inflammasome [37],
among others [106]. Together, these findings suggest that
PG acts as a potential pro-oncogenic organism with sig-
nificant implications in CRC pathogenesis. However,
these molecular mechanisms may be PG-specific, under-
scoring the need for further species-specific research
[105]. Interestingly, a recent meta-analysis suggests that
the pathogenic effects of PG may extend beyond CRC,
contributing to increased incidence and poorer prognosis
in other malignancies [25].

Our systematic review aimed to elucidate the asso-
ciation between PG and CRC by comparing cases with
healthy controls. Consequently, studies focused on CRC
prognosis and validation of screening or diagnostic tests
were excluded. Nonetheless, follow-up studies of CRC
cohorts have consistently reported elevated PG levels in
CRC patients [108], with associations observed in metas-
tasis [100, 109], early-onset [110], poorer prognosis [37],
and higher mortality of CRC [21]. Furthermore, several
studies have explored PG’s potential as a noninvasive
biomarker for detecting precancerous colorectal polyps
[111], and early CRC diagnosis [112], yielding promis-
ing results [36, 97, 101, 40%, 60*, 62%, ]. Collectively, these
findings suggest that the detection of Porphyromonas
species, particularly PG, alongside other pathogens,
could enhance current screening methods, such as
the fecal occult blood test (FOBT) [113], for detecting
precancerous and cancerous colorectal lesions. This
approach may also aid in early detection and prevention
of other gastrointestinal cancers [12].

Additionally, it is crucial to examine interactions
among gut bacteria, fungi, and viruses in CRC [36, 114,
115, 58%, ], as well as the influence of host factors such
as diet, lifestyle, and medication use [112]. These com-
plex interactions emphasize the need for well-designed
studies with larger and more diverse populations to elu-
cidate PG’s causal, prognostic, and diagnostic roles in
CRC. A deeper understanding of the pathophysiological
mechanisms and interactions between Porphyromonas
gingivalis (PG), the gut microbiota, and host systems is
essential for advancing CRC prevention and improving
patient prognosis [116]. Primary preventive strategies
should include maintaining good oral hygiene, treating
periodontal diseases, adopting healthy diets, and the use
of prebiotics, probiotics, and postbiotics [117]. In the
context of rising antibiotic resistance, novel approaches
such as bacteriophage therapies [118], antimicrobial
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photodynamic therapy [119], PG vaccines [120], and as
well as fecal microbiota transplantation (FMT) [117] offer
promising avenues for CRC prevention and treatment.

Conclusions

In summary, despite the limited current evidence, PG, an
oral bacterium closely related to periodontitis, appears
to be associated with CRC. This finding aligns with exist-
ing literature and highlights the importance of improv-
ing oral health and microbiota control as key strategies
for the primary prevention of CRC. Furthermore, PG
represents a promising therapeutic target for improving
CRC prognosis. However, larger prospective cohort stud-
ies, with specific protocols aimed at reducing heteroge-
neity across studies, are necessary to better understand
the complex relationships between dysbiosis and CRC.
The development of standardized and reproducible pro-
tocols will be instrumental in advancing the study of
the human gut microbiome, which could lead to signifi-
cant breakthroughs in personalized medicine and dis-
ease prevention. By harmonizing analyses and effect size
measurements, these efforts will reduce heterogeneity
and make results more comparable, facilitating future
meta-analyses. It is critical to clarify the specific role of
the individual microorganisms involved in CRC patho-
genesis, as well as their potential interactions. Our study
suggests that PG can be considered as a promising modi-
fiable tumorigenic factor and highlights its future role as
a potential biomarker for diagnoses, progression, recur-
rence, and therapeutic target of CRC.
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