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Abstract. Several studies have indicated that periodontitis 
is a risk factor for cancer. However, the association between 
periodontitis and the prognosis of pancreatobiliary tract 
cancer remains unclear. The aim of this pilot study was to 
investigate the association between periodontitis and prog-
nosis of pancreatobiliary tract cancer. A total of 22 patients 
diagnosed with pancreatobiliary tract cancer were analyzed. 
Oral health status, including severity of periodontitis, general 
health status and biochemical serum markers were evaluated. 
The Kaplan-Meier method and Cox proportional hazards 
model were used to assess factors affecting the prognosis 
of pancreatobiliary tract cancer. The Kaplan-Meier analysis 
demonstrated that low body mass index, high concentration 
of serum C-reactive protein (CRP) and severe periodontitis 
were significant prognostic factors for survival rate. The Cox 
proportional hazards model revealed that serum carbohy-
drate antigen 19-9 concentration [hazard ratio (HR)=1.002; 
95% confidence interval (CI): 1.000‑1.004] and serum CRP 
concentration (HR=2.57; 95% CI: 1.15‑5.74) were signifi-
cantly associated with the prognosis of pancreatobiliary tract 
cancer. In addition, cancer patients with severe periodontitis 

had higher serum CRP concentrations compared with those 
without severe periodontitis. Therefore, severe periodontitis 
indirectly affected the prognosis of pancreatobiliary tract 
cancer through promoting systemic inflammation.

Introduction

Pancreatobiliary tract cancer is a general term for malignan-
cies in the pancreas, gallbladder and extrahepatic bile ducts. 
Despite advances in cancer treatment, the prognosis of pancre-
atobiliary tract cancer remains very poor (1,2). According to 
the American Cancer Society (3), for all stages of pancreatic 
cancer combined, the 1-year relative survival rate is 20%, and 
the 5-year rate is 6%. The risk factors for pancreatic cancer 
include old age, male gender, smoking, chronic pancreatitis, 
type 2 diabetes mellitus, obesity and a family history of 
pancreatic cancer (4). However, the prognostic factors for 
pancreatic cancer remain unclear. Furthermore, possibly 
due to its infrequent occurrence and rapidly fatal outcome, 
little clinical research has been performed on the etiology of 
gallbladder and extrahepatic bile duct cancer. Therefore, it 
is crucial to investigate factors affecting the survival rate of 
pancreatobiliary tract cancer.

It has been reported that periodontitis is associated with 
numerous systemic diseases, including cancer (5). Periodontitis 
is a chronic inflammatory disease of the tissues that support 
the teeth, and it is initiated by overgrowth of anaerobic bacteria 
in subgingival sites. Development of periodontitis depends on 
the interaction between bacterial products, such as lipopoly-
saccharides, and the host, leading to cytokine production that 
mediates periodontal tissue destruction. Periodontal infections 
are associated with elevated concentrations of circulating 
inflammatory cytokines (6,7) and the severity of periodontitis is 
directly correlated with serum concentrations of inflammatory 
cytokines (8). Upregulation of inflammatory cytokine pathways 
have been shown to modulate pancreatic cancer progression (9). 
These studies suggest that periodontitis may affect the progres-
sion as well as the prognosis of pancreatobiliary tract cancer.
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Previous studies have indicated that periodontitis is a risk 
factor for pancreatic cancer (10,11). However, the association 
between periodontitis and the prognosis of pancreatobiliary 
tract cancer remains unclear, but it has been hypothesized that 
severe periodontitis may affect the prognosis of pancreatobi-
liary tract cancer. The aim of this pilot study was to investigate 
the association between periodontitis and the prognosis of 
pancreatobiliary tract cancer.

Patients and methods

Study population. A total of 77 patients were diagnosed with 
primary cancer of the pancreas, bile ducts or gallbladder at the 
Department of Gastroenterology and Hepatology, Okayama 
University Hospital (Okayama, Japan), between July, 2013 and 
July, 2014. Among those patients, 30 (20 men and 10 women) 
were referred to the Department of Preventive Dentistry for 
oral health checks prior to cancer therapy. Patients who were 
aged <50 years (1 patient), who had <10 teeth (4 patients), 
whose 1-year survival data were missing (2 patients) and who 
lacked data (1 patient) were excluded from this study. As a 
result, data from 22 patients (14 men and 8 women) were 
analyzed. This study was approved by the Ethics Committee 
of the Okayama University Graduate School of Medicine, 
Dentistry and Pharmaceutical Sciences and the Okayama 
University Hospital (no. 1506-052). Written informed consent 
was obtained from all patients who agreed to participate.

Oral examination. One dentist recorded the following data: 
Number of teeth present, probing pocket depth (PPD), clinical 
attachment level (CAL), percentage of sites with bleeding on 
probing (%BOP) and percentage of sites with plaque accu-
mulation. PPD and CAL were measured for all teeth present, 
except for third molars, using a color-coded probe (CP-8, 
Hu-Friedy, Chicago, IL, USA). CAL was measured as the 
distance between the cemento-enamel junction and the base 
of the periodontal pocket. PPD and CAL were measured at six 
sites (mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, 
mid‑lingual and disto‑lingual). BOP was defined as the pres-
ence of bleeding after gentle probing with 25 g probing force. 
Plaque level was measured after staining with erythrosine and 
was recorded as the presence or absence of plaque at four sites 
(mesial, distal, buccal and lingual) around each tooth. Mean 
PPD and CAL, %BOP and plaque level were calculated for 
each patient. In addition, the severity of periodontitis (no, mild, 
moderate or severe periodontitis) for each patient was defined 
as previously described (12).

General status examination. Prior to cancer therapy, medical 
charts were reviewed to obtain information on cancer site, 
cancer stage, body weight and height. Body mass index (BMI) 
was calculated using body weight and height data. A personal 
interview was conducted to obtain information on smoking 
habits (pack-years). In addition, biochemical serum markers, 
including hemoglobin A1c (HbA1c), C-reactive protein (CRP), 
albumin, carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA19-9) were also evaluated. These serum 
markers are commonly assessed in the prognosis of pancrea-
tobiliary tract cancer (13). Serum HbA1c concentration was 
measured by high-performance liquid chromatography. Serum 

CRP concentration was measured using the latex agglutina-
tion method. Serum albumin concentration was measured 
by the bromocresol green albumin method. Serum CEA and 
CA19-9 concentrations were measured by an electrochemilu-
minescene immunoassay. Furthermore, therapeutic approach 
and the occurrence of cholangitis during cancer treatment 
were recorded. Treatment plans were determined by standard 
protocols according to the tumor stage and physical condition 
of the patient.

Statistical analysis. The patients in this study were divided into 
two groups according to 1-year survival, namely those surviving 
for <1 year (n=11, 7 men and 4 women) and those surviving for 
≥1 year (n=11, 7 men and 4 women). Means ± standard deviation 
in both groups were calculated for continuous variables: Age, 
BMI, smoking habit (pack-years), number of teeth present, mean 
PPD, mean CAL, %BOP, plaque level, and concentrations of 
HbA1c, CRP, albumin, CEA and CA19-9. Numbers and percent-
ages are presented for categorical variables: Gender, cancer site, 
cancer stage, presence of chemotherapy, presence of cholangitis 
and severity of periodontitis. The Mann-Whitney U test and 
Fisher's exact test were used to assess significant differences in 
clinical variables between the two groups. Median survival was 
estimated using the Kaplan-Meier method and differences were 
tested using the log-rank test. The follow-up period was 1 year 
after diagnosis. Backward stepwise regression procedures for 
the Cox proportional hazards model were used to evaluate 
significant prognostic factors. In the Cox proportional hazards 
model, the following 7 candidate variables were selected: Age, 
gender, BMI, serum concentration of HbA1c, CA19-9 and 
CRP, and severity of periodontitis. P<0.05 was considered to 
indicate statistically significant differences. All the analyses 
were performed using the SPSS 15.0 J software program for 
Windows (IBM Japan, Tokyo, Japan).

Results

Patient characteristics. The characteristics of all the patients 
are summarized in Table I. Significant differences between 
the <1‑year and the ≥1‑year survival groups were observed 
in serum CRP concentration (P=0.013), serum CEA concen-
tration (P=0.028), mean CAL (P=0.031) and severity of 
periodontitis (P=0.033). There were no significant differences 
in the other variables between the two groups.

Multivariate analysis of prognostic factors. Kaplan-Meier 
analyses using log-rank tests revealed that BMI, serum CRP 
concentration and severity of periodontitis were significant 
prognostic factors for survival rate (Fig. 1). However, the Cox 
proportional hazards regression model demonstrated that 
serum CA19-9 and CRP concentrations were significantly 
associated with the prognosis of pancreatobiliary tract cancer 
(Table II).

Comparison of CRP, albumin and HbA1c according to the 
severity of periodontitis. The serum CRP concentration was 
significantly higher and the serum albumin concentration was 
significantly lower in patients with severe periodontitis group 
when compared to those without severe periodontitis (P<0.05; 
Table III).
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Discussion

To the best of our knowledge, this is the first study to investi-
gate the association between the severity of periodontitis and 
the prognosis of pancreatobiliary tract cancer. In this study, 
the <1-year survival group exhibited higher levels of serum 
CRP concentration, serum CEA concentration, CAL and 
severity of periodontitis compared with the ≥1‑year survival 

group. In addition, the Kaplan-Meier method demonstrated 
that low BMI, high serum CRP concentration and severe peri-
odontitis were significant prognostic factors for survival rate. 
These results indicate that the prognosis of pancreatobiliary 
tract cancer was associated with the severity of periodontitis, 
as well as other factors, such as CRP. However, the Cox 
proportional hazards regression model demonstrated that 
the serum CA19‑9 and CRP concentrations were significant 

Table I. Differences in clinical parameters between the <1‑year and ≥1‑year survival groups.

   ≥1 year <1 year
  Total survival survival
Variables Category (n=22) (n=11) (n=11) P-value

Age (years)  68.7±9.0 68.4±10.5 69.1±7.6 0.855a

Gender Male 14 (63.6) 7 (63.6) 7 (63.6) 1.000b

BMI (kg/m2) <18.5 2 (9.1) 0 (0.0) 2 (18.2) 0.329c

 18.5‑24.9 18 (81.8) 10 (90.9) 8 (72.7) 
 ≥25.0 2 (9.1) 1 (9.1) 1 (9.1) 
Primary site Pancreas 18 (81.8) 9 (81.8) 9 (81.8) 1.000b

 Gallbladder/ 4 (18.2) 2 (18.2) 2 (18.2) 
 extrahepatic
 bile duct 
Cancer stage I 1 (4.5) 1 (9.1) 0 (0.0) 0.349c

 II 1 (4.5) 1 (9.1) 0 (0.0) 
 III 3 (13.6) 2 (18.2) 1 (9.1) 
 IVa 9 (40.9) 5 (45.5) 4 (36.4) 
 IVb 8 (36.4) 2 (18.2) 6 (54.5) 
Chemotherapy Yes 19 (86.4) 9 (81.8) 10 (90.9) 0.500b

Cholangitis Present 1 (4.5) 0 (0.0) 1 (9.1) 0.500b

Smoking status   18.0 29.3 0.0 0.438d

(pack-years)  (0.0,39.0) (0.0,39.0) (0.0,38.0)
HbA1c (%)  6.0 5.9 6.0 0.519d

  (5.5,6.2) (5.5,6.1) (5.5,6.3)
CRP (mg/dl)  0.23 0.15 0.81 0.013d

  (0.08,0.84) (0.07,0.23) (0.15,1.54)
Albumin (g/dl)  3.8 4.0 3.6 0.243d

  (3.5,4.3) (3.7,4.3) (3.4,4.0)
CEA (ng/ml)  6.5 4.6 13.3 0.028d

  (2.6,15.2) (2.1,8.3) (6.0,82.3)
CA19‑9 (U/ml)  216 184 183 0.853d

  (52,801) (11,443) (47,1748)
Number of teeth present  22.6±6.0 24.3±5.2 20.9±6.5 0.195a

Mean PPD (mm)  2.06±0.50 1.93±0.38 2.18±0.59 0.259a

Mean CAL (mm)  2.80±1.01 2.33±0.55 3.26±1.16 0.031 a

BOP (%)  10.4±12.3 7.4±6.6 13.5±16.0 0.251a

Plaque level (%)  31.9±23.2 26.9±22.0 36.9±24.4 0.323a

Severity of  No/mild/ 11 (50.0) 8 (72.7) 3 (27.3) 0.033c

periodontitis moderate 
 Severe 11 (50.0) 3 (27.3) 8 (72.7)

Values are presented as n (%), mean ± standard deviation, or median (25th, 75th percentile). aUnpaired t-test. bFisher's exact test. cChi-squared 
test. dMann-Whitney U test. BMI, body mass index; HbA1c, hemoglobin A1c; CRP, C-reactive protein; CEA, carcinoembryonic antigen; 
CA19-9, carbohydrate antigen 19-9; PPD, probing pocket depth; CAL, clinical attachment level; BOP, bleeding on probing.
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prognostic factors, whereas the severity of periodontitis was 
not. Therefore, the association between the severity of peri-
odontitis and the prognosis of pancreatobiliary tract cancer 
may be indirect.

Serum CRP, an indicator of systemic inflammation, is 
produced mainly by the liver in response to inflammation, 
infection and tissue damage (14). According to our findings, 
cancer patients with severe periodontitis had higher levels of 
serum CRP compared with those without severe periodontitis. 
This indicates that pancreatobiliary tract cancer patients with 
severe periodontitis had more severe systemic inflammation. 
A previous study demonstrated that the 1-year overall survival 
rate and median survival time in patients with higher CRP 
concentration (>0.3 mg/dl) were lower compared with those in 
the patients with lower CRP concentration (≤0.3 mg/dl) (15). 
This suggests that periodontitis affects the prognosis of 
pancreatobiliary tract cancer via the upregulation of systemic 
inflammation.

Studies have reported a significant association between 
periodontitis and serum CRP concentration. There is evidence 
that individuals with chronic periodontitis have elevated 
serum CRP concentrations when compared with periodon-
tally healthy controls (16). It has also been reported that the 
presence of Porphyromonas gingivalis in subgingival plaque 
is significantly associated with raised serum CRP concentra-
tion (17). These observations are consistent with the present 
results, which indicate that severe periodontitis induces 
elevated serum CRP concentration.

Serum albumin is also known to be an independent predictor 
of survival in pancreatobiliary tract cancer (18). In our findings, 
serum albumin concentration was significantly lower in patients 
with severe periodontitis compared with that in patients without 
severe periodontitis. This suggests that periodontitis affects the 
prognosis of pancreatobiliary tract cancer by decreasing serum 
albumin level. However, there were no significant differences 
between the early and late survivor groups in terms of serum 
albumin concentration in this study. In the present study, the 
median serum albumin concentrations of the early and the late 
survivor group were 3.6 and 4.0 g/dl, respectively. As serum 

Table III. Comparisons of CRP, albumin, and HbA1c according 
to severity of periodontitis.

 No/mild/
 moderate  Severe
 periodontitis periodontitis
Variables (n=11) (n=11) P-valuea

CRP (mg/dl) 0.12 (0.07,0.34) 0.54 (0.15,1.54) 0.034
Albumin (g/dl) 4.0 (3.8,4.3) 3.5 (3.3,3.7) 0.016
HbA1c (%) 6.0 (5.5,6.1) 5.9 (5.1,7.0) 1.000

aMann-Whitney U test.Values are presented as median (25th, 75th 
percentile). CRP, C-reactive protein; HbA1c, hemoglobin A1c.

Figure 1. (A) Association between BMI (<18.5 vs. ≥18.5 kg/m2) and overall 
survival in patients with pancreatobiliary tract cancer. The Kaplan-Meier 
analysis revealed significant differences between the two groups (P=0.019). 
(B) Association between CRP level (<0.3 vs. ≥0.3 mg/dl) and overall 
survival in patients with pancreatobiliary tract cancer. The Kaplan-Meier 
analysis revealed significant differences between the two groups (P=0.027). 
(C) Association between severity of periodontitis (no/mild/moderate vs. 
severe periodontitis) and overall survival in patients with pancreatobiliary 
tract cancer. The Kaplan‑Meier analysis revealed significant differences 
between the two groups (P=0.045). BMI, body mass index; CRP, C‑reactive 
protein.

Table II. Multivariate analysis of prognostic factors.

 Hazard 
Factors ratio 95% CI P-valuea

Age 0.87 0.75-1.00 0.060
HbA1c (%) 1.96 0.96‑3.98 0.064
CA19‑9 (U/ml) 1.002 1.000‑1.004 0.030
CRP (mg/dl) 2.57 1.15‑5.74 0.022

aCox proportional hazards model. CI, confidence interval; HbA1c, 
hemoglobin A1c; CA19-9, carbohydrate antigen 19-9; CRP, 
C-reactive protein.
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albumin concentration in this study was close to the reference 
value (3.8-5.3 g/dl), it may have little effect on the prognosis of 
pancreatobiliary tract cancer.

Several studies have reported a significant association 
between periodontitis and pancreatic cancer. Chang et al (11) 
reported that periodontal disease was positively associated 
with pancreatic cancer risk among patients aged ≥65 years. 
Another study reported that individuals with high levels of 
antibodies against Porphyromonas gingivalis ATTC 53978 
had a two-fold higher risk of pancreatic cancer compared with 
individuals with lower levels of these antibodies (19). Our 
results are supported by these findings indicating an association 
between periodontitis and pancreatic cancer. However, further 
studies are required to elucidate the mechanisms through 
which periodontitis affects the prognosis of pancreatic cancer.

There are few studies in the scale of a pilot study, although 
it is recommended to obtain 10% of the final study size (20). 
In the present study, the number of subjects in the <1-year and 
≥1‑year survival groups was 11 each. When the final study 
size was calculated using the data of the current pilot study 
(Table I), 18 patients per group would have to be included to 
demonstrate significant differences between cancer patients 
with and those without severe periodontitis. As the present 
sample size was >10% of the final study size, it is conceivable 
that 11 patients per group is sufficient as a pilot study.

The present study had certain limitations. First, all the 
patients were recruited from the Okayama University Hospital. 
This may limit the application of our findings to the general 
population. Second, the application of periodontal treatment 
during cancer treatment was not investigated in this study, 
which may have affected the prognosis of pancreatobiliary 
tract cancer.

In conclusion, pancreatobiliary tract cancer patients with 
severe periodontitis had a poorer prognosis compared with 
those without severe periodontitis. Severe periodontitis may be 
indirectly associated with the survival rate of pancreatobiliary 
tract cancer through promoting systemic inflammation.
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