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Abstract \\
Background: Periodontal bacteria is the major pathogens in the oral cavity and the main cause of adult chronic periodontitis, but |
their association with incidence and prognosis in cancer is controversial. The aim of this study was to evaluate the effect of periodontal
bacteria infection on incidence and prognosis of cancer.

Methods: A systematic literature search of PubMed, Embase, Web of Science, and Cochrane Library databases was performed to
obtain 39 studies comprising 7184 participants. The incidence of cancer was evaluated as odd ratios (OR) with a 95% confidence
interval (95% Cl) using Review Manager 5.2 software. Overall survival, cancer-specific survival and disease-free survival, which were
measured as hazard ratios (HR) with a 95% CI using Review Manager 5.2 software.

Results: Our results indicated that periodontal bacteria infection increased the incidence of cancer (OR=1.25; 95%ClI: 1.03-1.52)
and was associated with poor overall survival (HR=1.75; 95% ClI: 1.40-2.20), disease-free survival (HR=2.18; 95%Cl: 1.24-3.84)
and cancer-specific survival (HR=1.85, 95%Cl: 1.44-2.39). Subgroup analysis indicted that the risk of cancer was associated with
Porphyromonas gingivalis (Pg) infection (OR=2.16; 95%Cl: 1.34-3.47) and Prevotella intermedia (Pi) infection (OR=1.28; 95%Cl:
1.01-1.63) but not Tannerella forsythia (Tf) (OR=1.06; 95%Cl: 0.8-1.41), Treponema denticola (Td) (OR=1.30; 95%ClI: 0.99-1.72),
Aggregatibacter actinomycetemcomitans (Aa) (OR=1.00; 95%ClI: 0.48-2.08) and Fusobacterium nucleatum (Fn) (OR=0.61; 95%
Cl: 0.32-1.16).

Conclusion: This meta-analysis revealed periodontal bacteria infection increased the incidence of cancer and predicted poor
prognosis of cancer.

Abbreviations: Aa = Aggregatibacter actinomycetemcomitans, Cl = 95% confidence interval 95%, CSS = cancer-specific
survival, DFS = disease-free survival, Fn = Fusobacterium nucleatum, HR = hazard ratios, OR = odd ratios, OS = overall survival, Pg
= Porphyromonas gingivalis, Pi = Prevotella intermedia, Td = Treponema denticola, Tf = Tannerella forsythia.
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1. Introduction including age, heredity, diet, tobacco use, chronic viral infections,
Cancer is the second leading cause of death globally and is and inflammation. However, the viewpoint that bacterial
estimated to account for 9.6 million death in 2018, according to  infections cause cancer has been ignored. Until 1994, Heli-
new data from the world health organization.'"! Epidemiological ~ cobacter pylori, which is defined as a class I carcinogen, was
studies established several well-defined risk factors for cancer,  associated with the development of cancer in humans."”! Since
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then there has been a growing number of evidence supporting an
association between cancer and bacterial infection,*~"! including
those in the oral cavity.®~'% Periodontal disease is one of the
most common inflaimmatory diseases in adults.'!! Periodontal
bacteria, one of the most important causes of periodontal disease,
which can lead to tooth loss and systemic inflammation, are
associated with many systemic disorders such as cardiovascular
diseases, diabetes, pulmonary diseases and rheumatoid arthri-
tis.'"?! Recently, mounting evidence suggests a causal relationship
between periodontal bacteria infections and the development of
malignancies.''3'* Several periodontal bacteria have been
reported to be related with development of cancer, such as Pg and
Fn. Furthermore, periodontal bacteria infection has been used as
marker to evaluate the prognosis of cancer patients.[1>17]
However, owing to difference in study method, sample size, study
population and research region, the effect of periodontal bacteria
infections on incidence and prognosis of cancer are unclear.

In this study, we performed a systematic review of the available
literature on this topic in PubMed, Embase, Web of Science, and
the Cochrane Library. Then, we conducted a meta-analysis to
determine the incidence and prognosis of periodontal bacteria in
cancer, for purpose of addressing controversy.

2. Methods

2.1. Literature search

Articles relevant with the subject were retrieved from PubMed,
Embase, Web of Science, and Cochrane Library databases on
June 10, 2019. The search strategy was listed as follows:
((((cancer [Title/Abstract]) OR tumor [Title/Abstract]) OR
malignancy [Title/Abstract]) OR carcinoma [Title/Abstract])
OR neoplasm [Title/Abstract]) AND (((((Porphyromonas gingi-
valis [Title/Abstract]) OR Fusobacterium nucleatum [Title/
Abstract]) OR Tannerella forsythia [Title/Abstract]) OR Trepo-
nema denticola |Title/Abstract]) OR Aggregatibacter actino-
mycetemcomitans |[Title/Abstract]) OR Prevotella intermedia
[Title/Abstract]). Two reviewers (L.X. and Q.Y.Z.) inspected all
candidate articles independently. Discrepancies were resolved by
discussion with the senior authors (DQW and YL).

2.2. Inclusion and exclusion criteria
The inclusion criteria were:

(1) the diagnosis of cancer was confirmed by pathological
examination;

(2) Study designs must be prospective or retrospective cohort
study. Studies must compare patients with periodontal
bacteria infected and periodontal bacteria uninfected;

(3) Studies must analyze the cancer incidence, OS, DFS, and CSS
In cancer patients;

(4) Articles were published as original research.

The exclusion criteria were:

(1) reviews, meeting abstracts, letters;
(2) animal model studies.

2.3. Data extraction and quality assessment

Two reviewers (LX and QYZ) independently extracted following
data and information from final studies: author, year of
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publication, types of periodontal bacteria, study country, sample
size, survival data, and the tumor location. The enrolled
literatures were then qualified by PRISMA checklists (Supple-
mentary Table 1: https://enlol.cn/Supplementary %20Materials/
Supplementary%20Table%201.docx). Disagreements were re-
solved by discussion. Two authors (YSP and LX) assessed the
final studies, scored them using the modified Newcastle-Ottawa
Scale (NOS) and the scoring system was based on three
categories: selection, comparability, and outcome.!"®! The full
score was 8 points, and a high-quality study in our analysis was
defined as a study with >7 points. Consensus was reached by
discussion with senior reviewers (YL and DQW).

2.4. Statistical analysis

Review Manager 5.2 (RevMan 5.2) (Cochrane Collaboration,
Denmark) was used to conduct all statistical analyses. Standard
Cochran Q test and I* statistics were used to identify
heterogeneity between the included studies. A value of I
statistics >50% and P value <.1 indicated significant heteroge-
neity, therefore a random effects model was used to calculate the
pooled OR, HR, and 95% CI in such cases. Otherwise, a fixed
effects model was applied. We used the mean sample size as the
boundary between studies with large and small sample sizes.
Publication bias was detected with the Begg and Egger regression
intercept test by using STATA 12. A 2-tailed P value <.05 was
considered statistically significant.

3. Results

3.1. Study characteristics

The process used to select the studies included in this article is
summarized in Figure 1. From an initial 1194 potentially relevant
articles, the duplicate studies were removed and we screened titles
and abstracts of articles. Finally, a total of 18 articles including 39
studies and 7264 participants were enrolled in the meta-analysis.
The detailed characteristics of the selected studies are presented in
Table 1. The selected articles were published from 2013 to 2018,
and all articles were evaluated by the NOS (Supplementary
Table 2: https://enlol.cn/Supplementary%20Materials/Supple
mentary %20Table%202.docx). There were 9, 8, 4, and 3
articles  related  with  incidence,['*271  (QS,[15:16,26-31]
DFS,[17:30:32:331 and, €SS, 11527321 pegpectively. Sixteen studies
were conducted in Asia, 19 in North America and 3 in Europe.
Among the 38 included studies, 10 studies involved patients with
Pg infection, 15 with Fn infection, 5 with Tf infection, 3 with Aa
infection, 3 with Td in infection and 2 with Pi infection. The
sample sizes of the included studies ranged from 80 to 1069.
According to the mean of all samples, 12 studies were considered
to have a large sample size (n>467), while 11 had a small sample
size (n < 467).

3.2. Periodontal bacteria and incidence of cancer

Twenty-three studies with 10,736 patients reported the relation-
ship between periodontal bacteria and incidence of cancer
(Fig. 2). Periodontal bacteria infection increased the incidence of
cancer as much as 1.25 times compared with those no infecting
with periodontal bacteria (OR=1.25, 95%CI: 1.03-1.52,
P=.02) although with heterogeneity (I?°=71%, Pj,<.00001).
The subgroup studies consisted of different periodontal bacteria,
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Figure 1. Flow chart of literature search and screening process.

Characteristics of included studies.

Target Type of Sample size Study NOS
Author year bacterium Country Ethnicity cancer (cases/controls) Samples Detection method Outcome design  score
Peters et all'” Py/THTd USA North America  EAC/ESCC 316 (106/210)  mouthwash ~ 16SRNA gene sequencing Incidence P 7
Fan et al®” Po/Aa/Tt/Pi USA North America PC 732 (361/371)  mouthwash  16sRNA gene sequencing  Incidence P 7
Michaud et al®"! Pg/Aa/Tf EPIC Europe PC 821 (405/416) blood immunoblot array Incidence P 7
Sun et al®? Pg/Tt/Ta/Aa USA North America PLGC 105 (35/70) saliva gPCR Incidence R 6
Yang et al®® Py/THTd/Pi/Fn USA North America CRC 692 (231/461)  mouth rinse  16sRNA gene sequencing  Incidence P 6
Chang et al®! Pg China Asia 0SCC 91 (61/30) tissue gPCR Incidence R 5
Yuan et al® Pg China Asia EC 80 (50/30) tissue gPCR Incidence R 6
Gao et al®® Pg China Asia ESCC 130 (100/30) tissue qPCR Incidence /0S p 6
Yamaoka et al®”! Fn Japan Asia CRC 172 (100/72) tissue droplet digital PCR Incidence /0S P 7
Gao et all'® Pg China Asia ESCC 216 serum Elisa 0S P 4
Wei et al®® Fn China Asia CRC 180 tissue 16sRNA gene sequencing 0S P 6
Yamamura et al®” Fn Japan Asia EC 325 tissue gPCR (SS/0S P 6
Lee et al®” Fn South Korea Asia CRC 246 tissue gPCR DFS/0S P 6
Liu et a®®" Fn USA North America CRC 951 tissue gPCR 0S P 7
Yan et al®? Fn China Asian CRC 280 tissue gPCR CSS/DFS P 6
Mima et all'® Fn USA North America CRC 1069 tissue gPCR SS/0S ) 7
Oh et al®® Fn South Korea Asia CRC 593 tissue gPCR DFS P 6
Yu et al'” Fn China Asia CRC Cohort1:92 tissue gPCR DFS P 6
Cohort2: 173

Aa= Aggregatibacter actinomycetemcomitans, CRC=colorectal cancer, CSS=cancer specific survival, DFS=disease free survival, EAC=esophageal adenocarcinoma, EC=esophageal cancer, EPIC=
European Prospective Investigation into Cancer and Nutrition study, within 10 European countries (Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom),
ESCC = esophageal squamous cell carcinoma, Fn= Fusobacterium nucleatum, NOS = Newcastle—Ottawa Quality Assessment Scale, 0S = overall survival, P = prospective Cohort, PC = pancreatic cancer, Pg=
Porphyromonas gingivalis, Pi= Prevotella intermedia, PLGC = precancerous lesions of gastric cancer, R=retrospective Cohort, Td= Treponema denticola, Tf= Tannerella forsythia.
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
1.1.1Pg
Chang 2018 37 61 4 30 20% 10.02 [3.11, 32.33)
Fan 2018 128 361 96 371 6.4% 1.57 [1.15, 2.16) =
Gao 2016 Pl 100 1 23 0.8% 68.55[8.91, 527.67] —F
Michaud 2013 39 405 N 416 B.4% 1.16 [0.84, 1.60) T
Peters 2017 27 106 50 210 4.9% 1.09 [0.64, 1.89) o (o
Sun 2017 25 35 45 70 3.0% 1.39[0.58, 3.39) A
Yang 2018 155 23 260 461 6.3% 1.58[1.13 219 -
Yuan 2017 24 50 1 30 0.8% 26.77[3.38, 211.98) —*
Subtotal (95% CI) 1349 1617 30.7% 2.16 [1.34, 3.47] S d
Total events 566 548
Heterogeneity: Tau®= 0.29; Chi*= 36.42, df= 7 (P < 0.00001); F= 81%
Test for overall effect: Z=3.18 (P = 0.001)
1.1.2Tf
Fan 2018 170 361 161 3N 6.6% 1.16[0.87, 1.59 H i
Michaud 2013 9 405 9 461 2.8% 1.14 [0.45, 2.90] _rE
Peters 2017 59 106 105 210 5.4% 1.26 [0.79, 2.01) ol el
Sun 2017 25 35 63 0 23% 0.28 [0.10, 0.81) ——
Yang 2018 150 23 289 461 6.3% 1.10[0.79, 1.53 E:
Subtotal (95% CI) 1138 1573 23.4% 1.06 [0.80, 1.41] R 4
Total events 413 627
Heterogeneity: Tau®*= 0.04; Chi*= 6.78,df =4 (P=0.15); 7= 41%
Test for overall effect: Z=043 P = 0.67)
1.1.3 Aa
Fan 2018 3 361 15 37 4.3% 2.23[1.18, 4.20] ——
Michaud 2013 161 405 180 416 6.7% 0.78[0.59, 1.04] ™
Sun 2017 12 35 34 70 32% 0.55[0.24, 1.29) —
Subtotal (95% CI) 801 857  14.1% 1.00 [0.48, 2.08] -
Total events 204 239
Heterogeneity: Tau®= 0.33; Chi*= 10.08, df= 2 (P = 0.006); F=80%
Test for averall effect: Z=0.00 P = 1.00)
114 Td
Peters 2017 32 106 60 210 5.1% 1.08 [0.65, 1.80] .
Sun 2017 23 35 48 0 31% 0.88[0.37, 2.09 —
Yang 2018 153 231 260 461 6.4% 1.52[1.09, 2.11) =
Subtotal (95% CI) 372 741 14.5% 1.30[0.99, 1.72] L 4
Total events 208 368
Heterogeneity: Tau®= 0.00; Chi*= 213,df =2 (P = 0.35); I*=6%
Test for overall effect: Z=1.87 (P = 0.06)
1.1.5Fn
Yamaoka 2017 46 72 75 100 41% 0.59[0.30, 1.14) =
Yang 2018 230 23 459 461 0.6% 1.00 [0.08, 11.11)
Subtotal (95% Cl) 303 561 4.7% 0.61[0.32, 1.16] -
Total events 276 534
Heterogeneity: Tau®= 0.00; Chi*= 017, df=1 (P = 0.68); = 0%
Test for overall effect: Z=1.51 P =013)
1.1.6 Pi
Fan 2018 82 361 70 37 6.1% 1.26 [0.88, 1.81) =
Yang 2018 148 231 268 461 6.4% 1.30[0.94, 1.80) [
Subtotal (95% Cl) 592 832  125% 1.28 [1.01, 1.63] | 4
Total events 23 339
Heterogeneity: Tau®= 0.00; Chi*= 0.01,df=1 (P =0.92); IF= 0%
Test for overall effect: Z=2.01 (P = 0.04)
Total (95% CI) 4555 6181 100.0% 1.25[1.03, 1.52] L d
Total events 1898 2655
Heterogeneity: Tau®= 0.13; Chi*= 73.48, df = 22 (P < 0.00001); I*= 70% 502 0+1 1 1*0 50‘-

Test for averall effect: Z=2.27 P = 0.02)

Test for subaroup differences: Chi*=11.65. df= 5(P = 0.04). F= 57.1%

Favours [experimental)

Favours [control]

Figure 2. Forest plot of the association between periodontal bacteria infection and incidence of cancer.




Xiao et al. Medicine (2020) 99:15

www.md-journal.com

Subgroup analysis results for periodontal bacteria on incidence of cancer.

Heterogeneity
Study no. Sample size OR (95%Cl) P value 12 P value

overall 23 10656 1.22 (1.01, 1.47) .02 70% <.00001
periodontal bacteria

Pg 8 299 1.86 (1.20, 2.88) .005 79% <.0001

Tf 5 2711 1.06 (0.80, 1.41) 67 41% 15

Aa 3 1658 1.00 (0.48, 2.08) 1.00 80% .006

Td 3 1113 1.30 (0.99, 1.72) .06 6% .35

Fn 2 864 0.61 (0.32, 1.16) 13 0% .68

Pi 2 1424 1.28 (1.01, 1.63) .04 0% .92
Ethnicity

Asia 4 392 2.59 (1.65, 4.05) <.0001 94% <.00001

Caucasian 19 10219 1.19 (1.03, 1.36) .02 44% .02
Tumor location

0SCC 1 91 10.02 (3.11, 32.33) .0001 - -

EC 5 1077 1.73 (0.80, 3.73) a7 82% .0007

PC 7 5391 1.21 (0.96, 1.53) A 61% .02

PLGC 4 420 0.69 (0.37, 1.29) 24 48% 12

CRC 6 3632 1.26 (1.00, 1.57) .05 42% 12
Sample size

Large 12 8851 1.26 (1.08, 1.46) .003 46% .04

Small 11 1760 1.24 (0.73, 2.12) 42 80% <.00001

Aa= Aggregatibacter actinomycetemcomitans, CRC= colorectal cancer, EAC=esophageal adenocarcinoma, EC=esophageal cancer, ESCC=esophageal squamous cell carcinoma, Fn= Fusobacterium

nucleatum, PC=pancreatic cancer, Pg= Porphyromonas gingivalis, Pi= Prevotella intermedia, PLGC = precancerous lesions of gastric cancer, Td= Treponema denticola, Tf= Tannerella forsythia.

ethnicity of participants, tumor location, and sample size
(Table 2). In our subgroup analysis, individuals whose infected
with Pg were at 2.16 times greater risk of developing cancer than
those no infecting with Pg (OR=2.16, 95%CL 1.34-3.47;
P=.001; I’=79%, P,<.0001). Individuals with Pi infection
exhibit increased incidence of cancer (OR=1.28; 95%CI: 1.01-
1.63; P=.04). However, there was no significant relation
between the infection of Tf (OR=1.06, 95%CI: 0.8-1.41,
P=.67; P=41%, P,=.15), Aa (OR=1.00, 95%CI: 0.48-2.08,
P=1.00; °’=80%, P,=.006), Td (OR=1.30, 95%CIL: 0.99—
1.72, P=.06; I°’=6%, P,=.35), Fn (OR=0.61; 95%CI: 0.32-
1.16; P=.13; ’=0%, P,=.68) and incidence of cancer. There
was association in Asia (OR=2.59, 95%CI:1.65-4.05, P
<.0001; I?°=94%, P,<.00001) and Caucasian (OR=1.19,
95%CI:1.03-1.36, P=.02; [?=44%, P,=.02) between peri-
odontal bacteria infection and incidence of cancer. In the
subgroup analysis of tumor location, incidence of cancer was
associated with periodontal bacteria infection in OSCC (OR=
10.02, 95%CI:3.11-32.33, P<.0001) but not EC (OR=1.73,
95%CI:0.80-3.73, P=.17; I’=82%, P,=.0007), PC (OR=
121, 95%CIL:0.96-1.53, P=.1; ?=61%, P,=.02), PLGC
(OR=0.69, 95%CI:0.37-1.29, P=.24; [’=48%, P,=.12) and
CRC (OR =1.26,95%CI:1.00-1.57, P=.05; [2=42%, P, =.12).
According to the subgroup analysis of the sample size,
periodontal bacteria infection were related to incidence of cancer
in large sample size (OR=1.26,95%CI:1.08-1.46, P=.003; I’ =
46%, P,=.04), but not in small sample size (OR=1.24, 95%
CL:0.73-2.12, P=.42; I*=42%, P, <.00001).

3.3. Periodontal bacteria and OS in cancer

Figure 3A indicates the OS of cancer patients evaluated in 8
studies with 3289 patients. The HR for OS in cancer patients
infecting with periodontal bacteria compared with those no

infecting with periodontal bacteria was 1.75 times (95% CI:
1.40-2.20, P <.00001). The result revealed periodontal bacteria
infection was related to poor OS in cancer. There was little
heterogeneity between studies (I°=0%, P,=.79). The subgroup
analysis involved in different periodontal bacteria (Mainly Pg
and Fn), ethnicity of participants, tumor location and sample size
(Table 3). In the subgroup, both of Pg and Fn infection was
correlated with poor OS in cancer (Pg: HR =4.04, 95% CI: 1.54-
10.63, P=.05; Fn: HR=1.67, 95% CI: 1.32-2.11, P<.0001).
There was little heterogeneity between studies (Pg: I°=0%,
P,=.64; Fn: ’=0%, P,=.99). Periodontal bacteria infection
was correlated with poor OS of cancer patients in Asia (HR=
1.90, 95%CI:1.43-2.53, P<.0001; *=0%, P,=.70) and
Caucasian (HR=1.53, 95%CI:1.05-2.23, P=.03; I’=0%,
P,=.77). In the subgroup of tumor location, there were
consistent findings in EC (HR=2.13, 95%CI:1.36-3.35, P
=.0010; P=15%, P,=.31) and CRC (HR =1.64, 95%CI:1.26—
2.13, P=.0002; I’=0%, P,=.97). According to the subgroup
analysis of sample size, periodontal bacteria infection exhibited a
trend of correlation with poor OS in large (HR=1.53, 95%
CL:1.05-2.23, P=.03; ’=0%, P,=.77) and small sample size
(HR=1.90, 95%CI:1.43-2.53, P<.0001; I’=0%, P,=.70).

3.4. Periodontal bacteria and DFS in cancer

Figure 3B shows the results of DFS of cancer patients in 5 studies
with 1384 patients. The HR for DFS in cancer patients infecting
with periodontal bacteria compared with those not periodontal
bacteria was 2.18 times (95% CI: 1.24-3.84, P=.007). The result
revealed there was significant association between periodontal
bacteria infection and poor DFS in cancer. Interstudy heteroge-
neity was noted (I°=81%, P,=.0003). The subgroup studies
involved in types of periodontal bacteria, ethnicity of partic-
ipants, tumor location, and sample size (Table 3).
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio]  SE Weight V. Fixed, 95% CI IV, Fixed, 95% CI
Gao 2016 1.02 0.94 1.5% 2.77[0.44,17.50)
Gao 2018 1.54 0.58 4.0% 4.66[1.50,14.54)
Lee 2018 052 025 21.6% 1.68([1.03 2.79 T
Liu 2018 046 0.23 255% 1.58([1.01, 2.49 —
Mima 2016 0.34 035 11.0% 1.40[0.71, 2.79 T
Wei 2016 069 0.34 11.7% 1.99[1.02 3.88 TR
Yamamura 2016 058 0.26 20.0% 1.79[1.07, 2.97] e
Yamaoka 2017 0.44 0.54 46% 1.55[0.54, 447 it T
Total (95% Cl) 100.0%  1.75[1.40, 2.20] L 4
Heterogeneity: Chi*= 3.91, df = 7 (P = 0.79); I*= 0% 0_*05 0_52 3 5 fu
Test for overall effect: Z= 4.83 (° < 0.00001) Favours[Better prognosis]  Favours[Worse prognosis)
A
Hazard Ratio Hazard Ratio
Study or Subgroup _ log[Hazard Ratio]  SE Weight IV, Random. 95% CI IV, Random, 95% Cl
Lee 2018 0.06 0.81 8.7% 1.06[0.22, 519 5
Oh 2018 004 022 237% 1.04 [0.68, 1.60) =
Yan 2017 0.69 018 24.8% 1.99 [1.40, 2.84) -
Yu 2017 (cohortl) 1.46 035 19.5% 4.31[2.17, 8.59 —
Yu 2017 (cohort2)) 1.32 0.23 23.4% 3.74 [2.39, 5.89) -
Total (95% CI) 100.0% 2.18[1.24, 3.84) S 4
Heterogeneity: Tau®= 0.30; Chi*= 21.50, df= 4 P = 0.0003); F = 81% 0=005 u‘ ” 3 1=a 20}0

Test for overall effect: Z= 2.70 (P = 0.007)

Favours|Better prognosi

s] Favours[Worse prognosis)

B
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio]  SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mima 2016 046 0.21 37.7% 1.58(1.05, 2.39) ——
Yarmamura 2016 058 0.26 246% 1.79[1.07, 2.97) A
Yan 2017 08 021 37.7% 2.23[1.47, 3.36) ==
Total (95% CI) 100.0%  1.85[1.44, 2.39] &
H ity: Chi*= 1.34, df =2 (P=0.51); I7= t + } '
T::: ?ﬂ?i:fgngneﬂ- z3= ldm (g ¢ 0 o%gni') o BS54 L s 20
) ’ : Favours|Better prognosis] Favours [Worse prognosis)
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Figure 3. A. Forest plot of the association between periodontal bacteria infection and overall survival in patients with cancer. B. Forest plot of the association
between periodontal bacteria infection and DFS and in patients with cancer. C. Forest plot of the association between periodontal bacteria infection and CSS in

patients with cancer.

3.5. Periodontal bacteria and CSS in cancer

The association of periodontal bacteria infection and DFS in
cancer was supplied by 3 studies with 1674 patients (Fig. 3C).
Data analysis showed that the periodontal bacteria infection was
related to poor CSS (HR=1.85, 95% CI: 1.44-2.39, P <.00001)
without obvious heterogeneity (I*=0%, P,=.51).

3.6. Heterogeneity and sensitivity analysis

There was evidence of significant heterogeneity in incidence of
cancer (I>=71%, P, <.00001) and DFS (I?=81%, P,=.0003)
but not OS (I°’=0%, P,=.79) and CSS (I’=0%, P,=.51).
Subgroup analyses detecting potential sources of heterogeneity
indicated that different periodontal bacteria, ethnicity of
participants, tumor location, and sample size were not
significantly correlated with the heterogeneity in this meta-
analysis. We found that Gao 2016 study was the source of

heterogeneity in the meta-analysis for incidence of cancer and Oh
2018 for DFS. After removing Gao 2016 and Oh 2018, the
heterogeneity among the studies decreased slightly for incidence
of cancer (I=64%, P, <.0001), but decreased significantly for
DFS (I?=62%, P,=.05), and the result for incidence of cancer
(OR=1.21, 95%CI: 1.02-1.44, P=.03) (Supplementary Fig. 1,
http:/links.lww.com/MD/E32) and DFS (HR=2.79, 95%CI:
1.72-4.54, P<.0001) (Supplementary Fig. 2, http:/links.lww.
com/MD/E33) followed the same trends as those in the previous
analysis.**¢! We also performed a sensitivity analysis through
removing low-quality studies (NOS < 7). The result for incidence
of cancer (OR=1.29, 95%CI: 1.08-1.53, P=.005) (Supplemen-
tary Fig. 3, http:/links.lww.com/MD/E34), OS (OR=1.67, 95%
CL: 1.28-2.18, P=.0002) (Supplementary Fig. 4, http:/links.
Ilww.com/MD/E35), DFS (HR=2.34, 95%CIL: 1.28-4.28,
P=.006) (Supplementary Fig. 5, http:/links.lww.com/MD/
E36) followed the same trends as those in the previous analysis.
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Subgroup analysis results for Pg and Fn infection on the prognostic effects of cancer.

Heterogeneity
Variable Study no. Sample size HR (95%Cl) P value 12 P value
0S Overall 8 3289 1.75 (1.40, 2.20) <.00001 0% .79
periodontal bacteria
Pg 2 346 4.04 (1.54, 10.63) .005 0% 64
Fn 6 2943 1.67 (1.32, 2.11) <.0001 0% .99
Ethnicity
Asia 6 1269 1.90 (1.43, 2.53) <.0001 0% 70
Caucasian 2 2020 1.53 (1.05, 2.23) .03 0% 77
Tumor location
EC 3 671 2.13 (1.36, 3.35) .0010 15% .31
CRC 5 2618 1.64 (1.26, 2.13) .0002 0% .97
Sample size
Large 2 2020 1.53 (1.05, 2.23) .03 0% 77
Small 6 1269 1.90 (1.43, 2.53) <.0001 0% .70
DFS Overall 5 1384 2.18 (1.24, 3.84) .007 81% .0003
periodontal bacteria
Fn 5 1384 2.18 (1.24, 3.84) .007 81% .0003
Ethnicity
Asia 5 1384 2.18 (1.24, 3.84) .007 81% .0003
Tumor location
CRC 5 1384 2.18 (1.24, 3.84) .007 81% .0003
Sample size
Large 2 873 1.46 (0.77, 2.76) 25 81% .02
Small 3 511 3.64 (2.53, 5.62) <.00001 22% .28
CSS Overall 3 1674 1.85 (1.44, 2.39) <.00001 0% 51

CRC=colorectal cancer, CSS=cancer specific survival, DFS=disease free survival, EC=esophageal cancer, Fn= Fusobacterium nucleatum, OS=overall survival, Pg= Porphyromonas gingivalis.

3.7. Publication bias

The results of the risk of bias assessment are shown in Figure 4A,
B. Egger and Begg tests indicated the potential publication bias
for incidence (0.092) and prognosis (including OS, DFS, and CSS:
0.624) of cancer. There was no significant publication bias in
these studies.

4. Discussion

There is increasing evidence that bacteria play an important role
in tumorigenesis by activating chronic inflammation.”*”! Chronic
inflammation and infections are increasingly identified as an
important epidemiologic and environmental factor in cancer
development. There is considerable evidence that proves the
interrelationship between bacterial infections and carcinogenesis,
such as Helicobacter Pylori for gastric cancer’®! and Fn for
CRC.B?! The relationship between periodontal bacteria and
inflammation has attracted the attention from researchers due to
the potential influence of periodontitis on initiation and/or
progression of several systemic diseases, including cancer.'?!
Therefore, many recent studies explore the interrelationship
between periodontal bacteria, inflammation, and cancer.[*0=#!
However, no consensus has been reached on the effects of
periodontal bacteria on incidence and prognosis of cancer.

In this meta-analysis, 38 studies including 7184 patients were
involved, and we summarized the associations between 6
periodontal bacteria and incidence and prognosis of cancer.
The infection of 6 periodontal bacteria was found to increase
incidence of cancer and the risk of cancer as much as 1.25 times
compared with uninfected patients. Further, the infection of 6
periodontal bacteria was a considerable prognostic factor for

poor OS, DFS and CSS. However, in our subgroup analysis,
infection of Fn had no significant effect on incidence of cancer.
According to numerous current study reports, Fn was tightly
related to the occurrence and development of gastrointestinal
cancer.3™*1" Moreover, in our subgroup of OS, Fn was
associated with poor OS in cancer patients. Because the sample
sizes about incidence of cancer are relatively limited, our results
require careful interpretation.

Subgroup analysis of cancer incidence showed that infection Pg
increased risk of cancer as much as 2.16 times compared with
uninfected patients. In line with our results, it has been reported
that infection Pg was is a significant risk factor for various
malignancies including orodigestive cancers, gastrointestinal
cancer, and even prostate cancer.[®*¢*”! Previous study showed
that Pg can promote the development of orodigestive cancers by
inducing epithelial-to-mesenchymal transition, activating metal-
loproteinase-9 and interleukin-8 and accelerating cell cycling and
suppressing apoptosis.*”! In our results, there was no significant
relationship between infection of Tf, Aa, Td, and Fn and
incidence of cancer. Previous studies indicated that Tf, Aa, and
Td had a positive effect on progression of cancer.*% It is pity
that the number of related studies are limited. A large number of
studies focused on the relationship between Pg and Fz infection
and incidence and prognosis of cancer, while less attention was
paid to the remaining periodontal bacteria, including Tf, Aa, Td,
and Pi. Therefore, the number of included studies about Tf, Aa,
Td, and Pi are relatively small, which there were only 5 studies on
Tf, 3 on An, 3 on Td and 2 on Pi. Numerous studies showed that
6 periodontal bacteria play an equally important role in the
incidence and development of periodontitis and are associated
with systemic diseases, but the detection rates may be different
due to ethnic differences.!"**!->?! These results hinted that more
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Figure 4. A. Begg funnel plot of publication bias test for incidence in cancer. B. Begg funnel plot of publication bias test for overall survival, disease-free survival, and
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studies are needed to determine whether the infection of these
periodontal bacteria can influence the incidence of cancer.

Subgroup analysis of OS and DFS suggested that infection of
Pg and Fn predicted a poor prognosis in cancer patients.
Similarly, current study reported that both Pg and Fn had
attributes consistent with a role in cancer development and
progression.”! Moreover, there is extensive evidence showing
that Pg and Fn are abundant in tumors and activate transduction
pathways, such as anti-apoptotic pathway and nuclear factor-«B,
leading to poor prognosis of cancer.”>*¥ In addition, the
subgroup analysis of tumor location indicated that periodontal
bacteria infection was correlated with a poor prognosis in
patients with EC and CRC. Recently studies in animals and man
have indicated that oral bacteria can influence the prognosis of
patients with digestive system cancers including EC and CRC by
perpetuating inflammation, regulating the immune system-
microbe-tumor axis, affecting metabolism, and altering the
tumor microenvironment.*%!

Although we have conducted a comprehensive search and
systematic analysis of the relevant studies, inevitably, this meta-
analysis has the following limitations. Firstly the number of
included studies about Aa, Td, and Pi are relatively small.
Secondly, the overall heterogeneity was high, so random effects
models were required for the analysis. Thirdly, the study
populations were all of Asian or Caucasian ethnicity, which
may have caused a population selection bias. Last but not least,
we did not take into account the effects of oral fungi on
periodontal bacteria. The association between oral fungi,
especially Candida spp and oral cancer and oral precancerous
lesions was reported in previous studies.*®*”'Candida spp has
been reported to interact with individual members of the oral
bacterial microbiota, leading to either synergistic or antagonistic
relationships.°®°! As a result, oral fungi may also regulate
tumors indirectly through the interaction with periodontal
bacteria.

5. Conclusion

this meta-analysis suggested that different periodontal bacteria
infection correlated with different incidence of cancer: Pg and Pi
infection was associated with high incidence of cancer, while
there is no obvious relationship between the Tf, Aa, Td and Fn
infection and incidence of cancer. Furthermore, our study
revealed that the infection of periodontal bacteria, mainly Pg
and Fn, predicted poor OS, DFS, and CSS in cancer patients. Our
meta-analysis hinted that improvement of oral hygiene and
treatment of periodontal disease should also be taken into
consideration in the prevention and treatment strategies for
cancer.
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