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Porphyromonas gingivalis predicts local 
recurrence after endoscopic submucosal 
dissection of early esophageal squamous cell 
carcinoma or precancerous lesion
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Abstract 

Background Porphyromonas gingivalis plays an oncogenic role in development and progression of esophageal squa‑
mous cell carcinoma (ESCC). However, the impact of P. gingivalis on local recurrence of early ESCC or precancerous 
lesion after ESD treatment remains unknown. The present study aimed to evaluate the impact of P. gingivalis on local 
recurrence after ESD treatment of early ESCC or high‑grade dysplasia (HGD).

Methods The amount of P. gingivalis was assessed by immunohistochemistry in 205 patients with early ESCC or HGD. 
Univariate and multivariate Cox regression analyses were performed to determine the effect of P. gingivalis on local 
recurrence. Propensity score matching analysis was performed to reduce the imbalance of baseline characteristics. A 
nomogram integrating significant prognostic factors was built for local recurrence prediction.

Results The amount of P. gingivalis increased significantly in neoplasms that invaded up to muscularis mucosa and 
submucosa compared with lesions confined to epithelium or lamina propria. Overabundance of P. gingivalis was 
positively associated with invasion depth, post‑ESD stricture and local recurrence. Univariate and multivariate Cox 
regression analyses revealed that P. gingivalis, longitudinal length of lesion and lymphovascular invasion were inde‑
pendent predictors for post‑ESD recurrence. A nomogram comprising P. gingivalis, lymphovascular involvement, and 
lesion length performed well for prediction of post‑ESD local recurrence with the concordance indices of 0.72 (95%CI, 
0.62 to 0.80), 0.72 (95%CI, 0.63 to 0.80), and 0.74 (95%CI, 0.65 to 0.83) in the validation cohort, the entire cohort, and 
the subcohort after PSM, respectively.

Conclusion P. gingivalis overabundance is a risk factor and a potential predictor for local recurrence of early ESCC or 
HGD after ESD treatment. Thus, clearance of P. gingivalis represents an attractive strategy for prognosis improvement  
and for prevention of ESCC.
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Introduction
Esophageal squamous cell carcinoma (ESCC) histologi-
cally represents more than 90% of esophageal cancer 
in China [1, 2], which is the fourth most common can-
cer and the fourth leading cause of cancer-related mor-
tality of the country [3]. In China, the overall 5-year 
survival rate is about 10% due to the highly aggressive-
ness of ESCC whereas the long-term outcome is greatly 
improved if ESCC diagnosed in the early stages [4–6]. 
Therefore, it is of paramount importance to identify 
early neoplasia confined to esophagus, which represents 
the most cost-effective approach to cure ESCC. With 
the widespread application of esophagogastroscopy, an 
increasing number of patients are diagnosed in the early 
stages of ESCC [7–9], which comprises neoplasia lim-
ited to m1 (intraepithelia), m2 (invasion of the lamina 
propria), m3 (invasion of the muscularis mucosa), and 
superficial submucosa (invasion of submucosa < 500 μm), 
without any lymphatic or vascular invasion.

At present, these localized diseases can be cured 
by endoscopic resection (ER) including endoscopic 
mucosal resection (EMR) and endoscopic submucosal 
dissection (ESD), surgical resection, and chemoradio-
therapy [9–14]. Considering the mortality and morbid-
ity associated with esophagectomy, ER is the treatment 
of choice for the early-stage ESCC with an almost null 
risk of lymph node metastasis or for high surgical risk 
patients with ESCC, especially in elderly patients with 
concurrent illnesses [7, 10, 11, 15, 16]. Recently, ESD 
has been recommended to replace EMR because larger 
and deeper lesions of esophageal cancers can be com-
pletely resected by ESD with a higher probability of cure 
than that of EMR [7, 17–20]. However, it is challenging 
to identify patients in the early stage of ESCC without 
lymph node involvement. Numerous retrospective stud-
ies demonstrate that lymph node invasion correlates 
with the depth of tumor invasion, tumor histology and 
differentiation, and  lymphatic or vascular invasion [7]. 
In the case of invasion depth of lesions, it is reported 
that lymph node metastases were observed in 0–4.0% of 
cancers confined to the epithelium and lamina propria, 
in 0-22.2% of muscularis mucosa cancers and in 25.9–
53.8% of submucosal cancers [10, 11, 21–25]. However, 
the depth of invasion can only be accurately examined 
once histological examination of the resected speci-
men is performed. On the other hand, a subset of early-
stage ESCC patients after ER develops metastasis or 

recurrence regardless of invasion depth [10, 11]. Thus, it 
is more pressing to identify markers related to post-ESD 
recurrence.

A growing body of evidence indicates a potential causa-
tive role of microbial dysbiosis in the etiology of ESCC 
[26–28]. Porphyromonas gingivalis (P. gingivalis), a key-
stone periodontal pathogen, is enriched in ESCC com-
pared to adjacent mucosal tissues, and overabundance 
of P. gingivalis was associated with poor-differentiation, 
metastasis, and shorter survival of ESCC patients [29, 
30]. Furthermore, serum immunoglobulin G and A anti-
bodies against P. gingivalis have the potential for diag-
nosis of ESCC including early-stage ESCC, suggesting a 
tumorigenic role of P. gingivalis in the development and 
progression of ESCC [31]. However, the potential effect 
of P. gingivalis on clinical outcome of ER has not been 
reported in literature. Herein, we examined whether P. 
gingivalis impacts the outcome of early esophageal epi-
thelial lesions after ESD.

Materials and methods
Patient selection
This study enrolled 205 consecutive patients with early 
ESCC or high-grade dysplasia (HGD) from the endos-
copy center of Zhongshan Hospital of Fudan University 
between August 2008 and September 2013. The early 
ESCC comprised m2 ESCC, m3 ESCC, and submucosal 
ESCC (sm1 ESCC) invading into the submucosal layer 
up to 200 μm. Inclusion criteria were histologically con-
firmed HGD or early ESCC, complete resection, absence 
of residual lesions, no metastasis, alive till the end of 
the follow-up period, availability of hematoxycilin and 
eosin slides, and submucosal invasion less than 200 μm. 
Exclusion criteria were residual lesions after ESD, adeno-
carcinoma or other diseases before ESD treatment, sub-
mucosal invasion more than 200  μm, esophagectomy 
performed immediately after ESD, esophagogastric junc-
tion lesions, and unwilling to commit to complete the fol-
low-up. All data including demography, histopathology, 
clinical parameters, and follow-up data were recorded in 
the electronic medical database.

This study was approved by the medical ethics commit-
tee of The First Affiliated Hospital of Henan University of 
Science and Technology, in accordance with the Declara-
tion of Helsinki. Informed consent was waived because 
this study used retrospective and anonymized individual 
data.
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ESD procedure
All ESD procedure was performed according to our pre-
vious report [32]. The senior endoscopists performed 
ESD with patients under general anesthesia. The ESD was 
conducted using the hook-knife and isolated-tip knife, or 
dual knife (Olympus). After ESD, antibiotics (celaclor or 
cefuroxime), hemocoagulase injections (ethamsylate or 
P-aminomethybenzoic acid) and omeprazole (40 mg/day) 
were routinely administered. Patients were put on a soft 
diet on the 3rd day after ESD treatment unless serious 
symptoms or complications occurred. The hospitaliza-
tion was generally 2 to 3 days after ESD treatment.

Histopathological examination
Resected tissue specimens were immobilized onto a Sty-
rofoam plate using thin needles along their edges, fixed 
in 10% formalin, paraffin-embedded, cut into 5 μm sec-
tions and subjected to hematoxylin and eosin staining. 
All sections were examined microscopically for histologi-
cal type, depth of invasion, and lymph vascular invasion. 
Complete resection by ESD was defined as the complete 
removal of an iodine-unstained lesion or the marking 
dots placed around the lesion with tumor-free lateral 
and basal margins. The histology, classification and dif-
ferentiation were assessed according to the World Health 
Organization classification [15].

Immunohistochemistry and assessment
Immunohistochemistry (IHC) of P. gingivalis was per-
formed as described previously [29]. Abundance of P. 
gingivalis in formalin-fixed, paraffin-embeded sections 
of early lesions of ESCC was assigned a score using a 
semiquantitative 4-category grading system incorporat-
ing staining intensity and percentage of positively stained 
cells. Youden Index was used for identification of optimal 
cut-off point to predict local recurrence after ESD.

RNA in situ hybridization
The deparaffinized and rehydrated sections were incu-
bated with citrate buffer (10 nmol/L, pH 6) at 100 °C for 
15  min, 10  µg/mL protease (Sigma-Aldrich, St. Louis, 
MO) at 40 °C for 30 min, P. gingivalis-specific probes in 
hybridization buffer A (6 × SSC) for 3  h, preamplifier 
hybridization buffer B for 30 min, amplifier hybridization 
buffer B at 40 °C for 30 min, label probe for 15 min, and 
developed using RED, followed by counterstaining with 
hematoxylin.

Data collection and follow‑up
Clinicopathological and endoscopic features includ-
ing age, gender, disease location, size, tumor type, and 

histological findings were collected for analysis. After 
ESD, patients enrolled in our follow-up program were 
examined with endoscopy at 1, 2, 6, and 12 months in 
the first year and annually thereafter. Lugol’s staining and 
biopsy were performed when the previous resection site 
appeared suspicious for residual or recurrent lesions. 
Serum squamous cell carcinoma antigen measurement, 
abdominal ultrasonography and computed tomography 
were performed in patients if necessary. Follow-up was 
defined as the time between the date of ESD and January 
31, 2018. Local recurrence was defined as metachronous 
esophageal lesions occurred three months after ESD. 
Time to local recurrence was calculated from the date of 
ESD to the time of diagnosis of local recurrence.

Statistical analysis
Statistical analyses were conducted using SPSS 24.0 for 
Windows (SPSS, Chicago, IL). The differences between 
categorical variables were compared using the χ2 test 
or Fisher’s exact test. Local recurrence rates for dif-
ferent variables were depicted using the Kaplan-Meier 
method and were compared using the log-rank test. 
Receiver operating characteristic (ROC) curve was 
generated using the sensitivity and specificity for each 
predictor of local recurrence within 5 years after ESD. 
The ROC curves were used to select the optimal cut-
off value for P. gingivalis immunostaining score. The 
univariate and multivariate Cox proportional hazards 
regression models were used to identify predicative fac-
tors for local recurrence. A nomogram was constructed 
base on the results of multivariate analysis using the R 
version 4.1.0. The performance of the nomogram was 
evaluated by concordance index (C-index) and calibra-
tion plots. To build a nomogram model, all 205 patients 
were randomly allocated to the training subgroup (143 
patients) and the validation subgroup (62 patients) at a 
ratio of 7:3 using “sample” in R language [33, 34].

Propensity score matching (PSM) analysis [33, 34] 
was performed to reduce the imbalance between 
groups with high- and low-abundance  of P. gingivalis 
based on invasion depth and post-ESD stricture. A 
nearest-neighbor matching algorithm was utilized for 
PSM analysis using a multivariable logistic regression 
model with a tolerated difference between propensity 
scores less than 20% of the propensity score SD. Pro-
pensity scores were calculated for patient matching in 
a 1:2 ratio with a caliper of 0.01 without replacement.

Results
Clinicopathological characteristics of patients
A total of 205 patients were recruited in this study. 
Table  1 shows the clinicopathological characteristics of 
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patients. The lesions comprised 79 (38.5%) HGDs, 46 
(22.4%) m2 ESCCs, 73 (35.6%) m3 ESCCs, and 7 (3.4%) 
sm1 ESCCs. The median follow-up time of these patients 
was 64 months (range, 5 to 110 months). During follow-
up, 14.6% (30 of 205) of the patients developed local 
recurrence, and 29.3% (60 of 205) of the patients devel-
oped post-ESD stricture. The 1-year, 3-year and 5-year 
recurrence-free survival rates were 97.6%, 90.2%, and 
85.9%, respectively.

Enrichment of P. gingivalis in esophageal mucosa
The presence of P. gingivalis was not scarce in normal 
esophageal mucosa and the amount of P. gingivalis local-
ized in superficial cells was higher than that in basal 
cells, suggesting that superficial epithelial cells may pre-
vent P. gingivalis from invasion into deeper layer cells 
(Fig. 1A). In dysplastic epithelial cells, immunostaining 
of P. gingivalis was diffuse but more pervasive than that 
in normal mucosa (Fig.  1B). In cancerous cells, how-
ever, heterogeneous immunostaining of P. gingivalis was 
detected in ESCC of m2, m3 and sm1 (Fig. 1C-E). Not 
surprisingly, P. gingivalis was located in tumor stromal 
tissues as well. Notably, the frequency of P. gingivalis 
enrichment elevated significantly during the transition 
from m2 to m3/sm1 ESCC (28.0% vs. 42.5%, P < 0.05). 
In addition, RNA in  situ hybridization (designated as 
RNAscope) revealed a similar distribution of P. gingi-
valis in the cytoplasm of cancer cells and stroma as well 
(Fig. 1F).

Associations between P. gingivalis and clinicopathological 
characteristics
We next examined the associations between P. gingi-
valis and clinicopathological characteristics. The over-
abundance of P. gingivalis was associated with invasion 
depth (P = 0.035), post-ESD stricture (P = 0.034), and 
local recurrence (P = 0.006), but not with the other fea-
tures  (Table  2). These results indicate that P. gingivalis 
may potentially promote aggressiveness of early ESCC.

Local recurrence after ESD
According to the cut-off score of P. gingivalis immu-
nostaining of 3, 66.3% of the patients (136 of 205) were 
assigned to the low-P. gingivalis group and 33.7% of 
the patients (69 of 205) to the high-P. gingivalis group, 
respectively. High amounts of P. gingivalis were strongly 
associated with higher rates of local recurrence com-
pared with low levels of P. gingivalis. The cumulative 
5-year local recurrence rate was 23.2% among patients 
with high-P. gingivalis (n = 69) and 9.6% among patients 
with low-P. gingivalis (n = 136), with a hazard ratio (HR) 
of 2.78 (95% CI, 1.35 to 5.73, P = 0.004, Fig. 2A).

Independent prognostic predictors
Univariate and multivariate Cox regression analyses were 
performed to identify independent predictors for post-
ESD local recurrence. Univariate analyses revealed that 

Table 1 Demographic and clinicopathological characteristics of 
the entire cohort of patients

HGD High grade dysplasia, m2 ESCC ESCC invading the lamina propria, m3 
ESCC ESCC invading the mucularis mucosa, sm1 ESCC ESCC invading the 
submucosal layer less than 200 μm

 Variable Entire cohort
(n = 205) (%)

Age

  < 60 85 (41.5)

  ≥ 60 120 (58.5)

Gender

  Male 156 (76.1)

  Female 49 (23.9)

Tobacco smoker

  Yes 107 (52.2)

  No 98 (47.8)

Alcohol drinker

  Yes 109 (53.2)

  No 96 (46.8)

Histological grade

  Well‑differentiation 9 (4.4)

  Moderate‑differentiation 186 (90.7)

  Poor‑differentiation 10 (4.9)

Longitudinal length of lesion(cm)

  <3 98 (47.8)

  ≥ 3 107 (52.2)

Circumferential range

  <3/4 189 (92.2)

  >3/4 16 (7.8)

Invasion depth

  HGD & m1 ESCC 125 (60.9)

  m2 & sm1 ESCC 80 (39.0)

Lymphovascular invasion

  Yes 9 (4.4)

  No 196 (95.6)

Post‑ESD stricture

  Yes 60 (29.3)

  No 145 (70.7)

Budding (mm)

  >5 13 (6.3)

  ≤ 5 192 (93.7)

P. gingivalis

  High 69 (33.7)

  Low 136 (66.3)

Local recurrence

  Yes 30 (14.6)

  No 175 (85.4)
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P. gingivalis overabundance (HR, 2.78; 95% CI, 1.35 to 
5.73; P = 0.004) and aggressive histopathological features 
including longitudinal length of lesion (HR, 3.32; 95% CI, 
1.43 to 7.77; P = 0.003), circumferential range (HR, 2.65; 
95% CI, 1.02 to 6.93, P = 0.038), post-ESD stricture (HR, 
2.86; 95% CI, 1.39 to 5.86; P = 0.003), and lymphovascular 
invasion (HR, 4.55; 95% CI, 1.58 to 13.12; P = 0.002) were 
positively and significantly associated with higher local 
recurrence (Fig. 2B). Multivariate analyses demonstrated 
that P. gingivalis overabundance (HR, 2.5; 95% CI, 1.21 to 
5.3; P = 0.014), longitudinal length of lesion (HR, 2.7; 95% 
CI, 1.14 to 6.6; P = 0.024), and lymphovascular invasion 
(HR, 3.7; 95% CI, 1.24 to 11.0; P = 0.019) remained inde-
pendent predictors for local recurrence (Fig. 2C).

Propensity score matching analysis
As there were significant differences between the 
high- and low-abundance of P. gingivalis groups with 
regards to invasion depth and post-ESD stricture, we 
applied a PSM analysis to minimize these differences 
in a 1:2 ratio. After matching, 64 and 104 patients were 
included in the high- and low-P. gingivalis groups, 
respectively. The characteristics of invasion depth and 
post-ESD stricture were evenly distributed between 
these groups after matching (Table  2). Again, the 
high abundance of P. gingivalis rendered a higher risk 
of local recurrence after ESD treatment compared 
with low abundance of P. gingivalis. The cumulative 
5-year local recurrence rate was significantly higher in 
patients with high-P. gingivalis (n = 64; 26.6%, 95% CI, 
15.4–37.7%) as compared with patients with low-P. gin-
givalis (n = 104; 8.7%, 95% CI, 3.2–14.1%, Fig. 2D). The 
results of the univariate analysis resemble the results 
before PSM (Fig.  2E). Multivariate analyses revealed 
that P. gingivalis overabundance (HR, 2.80; 95% CI, 1.23 

to 6.30; P = 0.014), post-ESD stricture (HR, 2.50; 95% 
CI, 1.12 to 5.60; P = 0.026), and lymphovascular inva-
sion (HR, 3.60; 95% CI, 1.19 to 10.80; P = 0.023) were 
independent predictors for local recurrence after PSM 
(Fig. 2F).

Building a prognostic nomogram for post‑ESD local 
recurrence
To develop a clinically applicable tool, we built a pre-
dicative model that integrated the three significant prog-
nostic factors using nomogram (Fig.  3A). As shown in 
the nomogram, P. gingivalis contributed largest to local 
recurrence, followed by lymphovascular invasion and 
lesion length. The calibration plot demonstrated an 
optimal agreement between the nomogram prediction 
and actual observation for the probability of local recur-
rence at 5 years in the validation cohort, the entire cohort 
and the subcohort after propensity score matching. The 
C-indices for local recurrence prediction of nomogram 
score were 0.72 (95% CI, 0.62 to 0.80), 0.72 (95%CI, 0.63 
to 0.80), and 0.74 (95%CI, 0.65 to 0.83), respectively 
(Fig. 3B-D). Then, we compared the predictive power for 
post-ESD local recurrence between nomogram score and 
P. gingivalis, longitudinal length of lesion and lymphovas-
cular invasion. The C-indices by P. gingivalis, longitudinal 
length of lesion, and lymphovascular invasion were infe-
rior to that of nomogram without statistical significance 
in the entire cohort (0.62, 0.63 and 0.55, respectively).

Discussion
In this study, we have demonstrated that enrichment of P. 
gingivalis not only occurred in early-stage ESCC but also 
positively correlated with the severity of lesions of early 
ESCC during progression from mild to severe lesions. An 
increased amount of P. gingivalis significantly correlated 

Fig. 1 Representative images of immunohistochemical staining and RNA in situ hybridization of P. gingivalis in esophageal tissues. 
A‑E Immunohistochemical staining of P. gingivalis in normal epithelium and different lesions of esophagus. F RNA in situ hybridization (RNAscope) 
detection of P. gingivalis in ESCC tissues. N, Normal esophageal epithelium; HGD, High grade dysplasia; m2 ESCC, ESCC invading the lamina propria; 
m3 ESCC, ESCC invading the mucularis mucosa; sm1 ESCC, invading the submucosal layer less than 200 μm; RNAscope, RNA in situ hybridization
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Fig. 2 P. gingivalis predicts local recurrence after ESD. A The cumulative local recurrence rates of patients with low‑ and high‑levels of P. 
gingivalis. B Univariate associations of P. gingivalis and clinicopathological characteristics with local recurrence. C Multivariate associations of P. 
gingivalis and clinicopathological characteristics with local recurrence. D The cumulative local recurrence rates of patients with low‑ and high‑levels 
of P. gingivalis after propensity score matching. E Univariate associations of P. gingivalis and clinicopathological characteristics with local recurrence 
after propensity score matching. F Multivariate associations of P. gingivalis and clinicopathological characteristics with local recurrence after 
propensity score matching
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with invasion depth and post-ESD stricture. Moreover, 
overabundance of P. gingivalis was strongly associated 
with a higher rate of local recurrence and remained an 
independent predictor for local recurrence, which was 
reinforced after PSM. In the present study, a nomo-
gram based on three independent prognostic factors 

was developed and showed optimal prediction of local 
recurrence after ESD treatment. To our knowledge, this 
is the first study to report the effects of P. gingivalis on 
local recurrence of early-stage lesions of ESCC after ESD 
treatment in patients with early ESCC or precancerous 
lesions. Thus, enrichment of P. gingivalis is a potential 

Table 2 Associations between P. gingivalis abundance and clinicopathological characteristics

HGD High grade dysplasia, m2 ESCC ESCC invading the lamina propria, m3 ESCC ESCC invading the mucularis mucosa, sm1 ESCC ESCC invading the submucosal layer 
less than 200 μm

Variable Entire cohort (n = 205) Matched cohort (n = 168)

P. gingivalis P. gingivalis

Low (n = 136)(%) High (n = 69)(%) P value Low
(n = 104)(%)

High
(n = 64)(%)

P value

Age

  < 60 57 (41.9) 28 (40.6) 0.882 38 (36.5) 27 (42.2) 0.516

  ≥ 60 79 (58.1) 41 (59.4) 66 (63.5) 37 (57.8)

Gender

  Male 103 (50.2) 53 (25.9) 0.864 81 (77.9) 50 (78.1) 0.95

  Female 33 (16.1) 16 (7.8) 23 (22.1) 14 (21.9)

Tobacco smoker

  Yes 69 (50.7) 38 (55.1) 0.657 63 (60.6) 36 (56.2) 0.63

  No 67 (49.3) 31 (44.9) 41 (39.4) 28 (43.8)

Alcohol drinker

  Yes 70 (51.5) 39 (56.5) 0.554 61 (58.7) 36 (56.2) 0.872

  No 66 (48.5) 30 (43.5) 43 (41.3) 28 (43.8)

Histological grade

  Well‑differentiation 7 (5.1) 2 (2.9) 0.585 6 (5.8) 1 (1.6) 0.318

  Moderate‑differentiation 121 (89.0) 65 (94.2) 91 (87.5) 61 (95.3)

  Poor‑differentiation 8 (5.9) 2 (2.9) 7 (6.7) 2 (3.1)

Longitudinal length of lesion(cm)

  < 3 64 (47.1) 34 (49.3) 0.77 56 (53.8) 30 (46.9) 0.428

  ≥ 3 72 (52.9) 35 (50.7) 48 (46.2) 34 (53.1)

Circumferential range

  < 3/4 124 (91.2) 65 (94.2) 0.586 100 (96.2) 60 (93.8) 0.481

  > 3/4 12 (8.8) 4 (5.8) 4 (3.8) 4 (6.2)

Invasion depth

  HGD & m1 ESCC 90 (66.2) 35 (50.7) 0.035 64 (61.5) 33 (51.6) 0.26

  m2 & sm1 ESCC 46 (33.8) 34 (49.3) 40 (38.5) 31 (48.4)

Lymphovascular invasion

  Yes 5 (3.7) 4 (5.8) 0.489 5 (4.8) 4 (6.2) 0.732

  No 131 (96.3) 65 (94.2) 99 (95.2) 60 (93.8)

Post‑ESD stricture

  Yes 33 (24.3) 27 (39.1) 0.034 27 (26.0) 22 (34.4) 0.295

  No 103 (75.7) 42 (60.9) 77 (74.0) 42 (65.6)

Budding (mm)

  ≤ 5 128 (94.1) 64 (92.8) 0.765 97 (93.3) 60 (93.8) 1

  >5 8 (5.9) 5 (7.2) 7 (6.7) 4 (6.2)

Local recurrence

  Yes 13 (9.6) 17 (24.6) 0.006 9 (8.7) 17 (26.6) 0.004

  No 123 (90.4) 52 (75.4) 95 (91.3) 47 (73.4)
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surrogate marker for prediction of aggressive progression 
of ESCC.

The known risk factors identified in high-risk areas for 
ESCC in China comprise nutritional deficiencies [35], 
family history of ESCC [36], alcohol drinking, cigarette 
smoking [3, 37], nitrosamine-rich or mycotoxin-contam-
inated foods, and low socioeconomic status [38–40]. In 
a prospective cohort study involved 28 868 subjects in 
northern China, the first few tooth loss in younger sub-
jects was associated with a significant elevated risk for 
developing cancers from esophagus and stomach [41]. 
The salivary overall microbial diversity was decreased 
in ESCC patients compared with dysplasia patients and 
healthy controls [27, 28]. Higher abundance of peri-
odontal pathogen P. gingivalis was associated with an 
increased ESCC risk [26]. Recently, we reported that 
overabundance of P. gingivalis was significantly corre-
lated with aggressive features of advanced-stage ESCC 

[29]. In keeping with these results, P. gingivalis overabun-
dance was observed in 30.4% (24/79) of precancerous 
lesions HGD. Notably, the prevalence and abundance of 
P. gingivalis were significantly increased in ESCC of m3 
and sm1 compared with HGD, m1 and m2 ESCC. Taken 
together, these results suggest that P. gingivalis is linked 
to the initiation and progression of ESCC.

At present, endoscopic screening of high-risk popula-
tion in high-incidence areas for ESCC has been widely 
accepted as an optimal strategy for the secondary preven-
tion of ESCC in China [42, 43]. With the emergence of 
high-resolution and high-definition endoscopy, detailed 
delineation of mucosal features enables detection of sub-
tle lesions, which consequently results in the increased 
detection of early neoplasms [9]. Importantly, endo-
scopic resection is now becoming the standard care for 
the treatment of esophageal squamous cell dysplasia 
and early-stage ESCC, and produces less mortality and 

Fig. 3 Construction and validation of nomogram for predicting local recurrence after ESD. A Nomogram for predicting 2‑, 3‑, and 5‑year local 
recurrence for patients after ESD in training cohort. B‑D Calibration curves for the nomogram to predict 5‑year local recurrence in the validation 
cohort (B), the entire cohort (C), and the subcohort after propensity score matching (D). The yellow line represents the ideal nomogram, and the 
red line represents the observed nomogram
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morbidity, and equivalent survival times compared with 
esophagectomy [9, 10]. However, endoscopic resection 
for early ESCC has a relatively high recurrence rate [44, 
45] and many factors including tumor volume and degree 
of infiltration have been identified as the risk factors for 
the recurrence [17]. In our study, we demonstrated that 
classification of patients with early-stage ESCC by P. 
gingivalis abundance can substantially differentiate the 
high-risk from low-risk patients for local recurrence. 
Alternatively, multiple iodine-unstained lesions corre-
lated with a higher risk of local recurrence after ER of 
early ESCC [11]. In line with this, we identified longitu-
dinal length of lesion as an independent risk factor for 
local recurrence. In addition, we found that P. gingivalis 
was the largest contributor to post-ESD local recurrence, 
suggesting the tumorigenic role of P. gingivalis in occur-
rence of ESCC. Collectively, our findings suggest that an 
enrichment of P. gingivalis is a potential surrogate marker 
for metachronous recurrence after ESD, which warrants 
future clinical studies to clarify.

Given that nomogram has been widely used for prog-
nostic predication of cancer patients, we constructed a 
nomogram based on three independent factors of local 
recurrence including P. gingivalis, lymphovascular inva-
sion, and lesion length, which performed well for pre-
diction of local recurrence post-ESD therapy. Further 
prospective studies are needed to test its prognostic 
value.

It is acknowledged that the present study has limita-
tions. This was a single-institute retrospective study, 
which inevitably introduces selection and information 
biases. A multi-center, prospective study with a larger 
sample size is warranted to confirm the tumor-promoting 
effects of P. gingivalis in earl-stage ESCC. Second, semi-
quantification of P. gingivalis by IHC is not an accurate 
and sensitive method compared to Q-PCR. Third, various 
storage duration of resected tissue specimen by ESD may 
compromise the quality of P. gingivalis for gauge. Fourth, 
one single time point specimen was collected after ESD 
to measure the amount of P. gingivalis, which may under-
estimate the effect of P. gingivalis on esophageal cancer 
recurrence during the 5-year follow-up.

Conclusion
The present study demonstrates that P. gingivalis enrich-
ment occurs in esophageal precancerous lesions and 
early-stage ESCC, and an overabundance of P. gingivalis 
is associated with local recurrence after ESD treatment 
of patients with early ESCC. In addition, we developed 
a nomogram for post-ESD recurrence prediction. Thus, 
our findings suggest that clearance of P. gingivalis in clini-
cal management of ESCC patients, in particular for post-
ESD patients, represents an attractive strategy to prevent 

local recurrence and improve the prognosis of early stage 
ESCC. In high-risk subjects predisposing for ESCC, P. 
gingivalis-specific treatment in oral cavity opens a novel 
approach for ESCC prevention.
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