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Abstract. In a previous population-based case-control study, 
we demonstrated an elevated risk of colorectal neoplasia with 
Helicobacter pylori (H. pylori) infection. The present study 
investigated the effects of H. pylori-associated chronic gastritis 
on the development of colorectal neoplasia by analyzing the 
recurrence of colorectal neoplasia subsequent to endoscopic 
resection. Ninety-nine patients who had undergone endo-
scopic resection of colorectal neoplasia were monitored under 
colonoscopy, and the recurrence of colorectal neoplasia was 
prospectively investigated. The stage of H. pylori-associated 
chronic gastritis in each subject was evaluated using a combi-
nation of two serum tests: H. pylori antibody and pepsinogen. 
In the present cohort, colorectal neoplasia recurred at a rate 
of 15,296/100,000 person-years during the study period. 
After adjusting for the confounding factors, chronic atrophic 
gastritis (CAG) was identified as an independent risk factor 
[adjusted hazard ratio (HR), 2.72; 95% confidence interval, 
1.33-5.57], while H. pylori-infected non-atrophic gastritis 
was not identified as an independent risk factor for recurrent 
colorectal neoplasia. Colorectal neoplasia recurred earlier 
and was significantly more frequent in patients with CAG 
(22,573/100,000 person-years) compared to patients without 
CAG (11,089/100,000 person-years; P=0.029, log-rank test). 

Patients with more extensive CAG showed a higher risk of 
recurrence. These results demonstrated a significant elevation 
of the risk of recurrent colorectal neoplasia with the establish-
ment and progression of CAG, indicating the involvement of 
H. pylori infection in the development of colorectal neoplasia. 
The two serum tests were useful clinical markers for non-
invasively evaluating the risk of each individual for recurrent 
colorectal neoplasia subsequent to endoscopic resection.

Introduction

An etiological association between gastric and colorectal 
neoplasia has been suggested (1). Helicobacter pylori (H. pylori) 
induces chronic inflammation in the stomach mucosa leading 
to long-lasting hypergastrinemia, a fact that constitutes a risk 
factor for stomach carcinogenesis (2). Numerous studies using 
various non-transformed or transformed cell lines for in vitro 
and in vivo animal experiments, including transgenic mouse 
models, have shown that non-amidated gastrins, such as 
progastrin and glycine-extended gastrin act as growth factors 
for colonic epithelia and neoplasia, and are potentially involved 
in colonic carcinogenesis (3-5). Chronic atrophic gastritis 
(CAG) and intestinal metaplasia, an end stage of chronic 
H. pylori infection, induce hypochlorhydria, which leads to 
bacterial overgrowth in the gastrointestinal tract and to altera-
tions in the colonic microenvironment of the bacterial flora (6). 
On the basis of these findings, we hypothesized that gastric 
neoplasia and colorectal neoplasia share a common risk factor 
with regard to H. pylori infection and the resultant CAG, and 
demonstrate a significantly elevated risk of colorectal adenoma 
with the establishment of H. pylori-associated chronic gastritis 
in a population-based case-control study (7). In addition, the 
risk, especially for proximal adenomas, is further enhanced 
by the establishment and progression of CAG. Our previous 
study also showed the possibility that two serological markers, 
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H. pylori antibody and pepsinogen (PG), are useful for the 
evaluation of the risk of colorectal neoplasia, and also for the 
identification of individuals at high risk of colorectal neoplasia 
requiring colonoscopic surveillance.

Patients who have undergone endoscopic resection of 
colorectal neoplasia generally receive a follow-up colonos-
copy due to the increased risk of metachronous neoplasia (8). 
However, risk factors for the recurrence of colorectal neoplasia 
have yet to be fully elucidated. Current consensus surveillance 
guidelines stratify the risk for subsequent neoplasia based on 
the characteristics of neoplasia at an initial colonoscopy, and 
various surveillance intervals are recommended depending on 
the risk: 5-10 years for low-risk (with 1-2 small adenomas); 
3 years for intermediate-risk (with advanced neoplasia or 
3-10 small adenomas) and <3 years for high-risk patients (with 
>10 small adenomas or large sessile adenoma) (8,9). However, 
these guidelines are imperfect, and 7.4% of patients classified 
into the low-risk group developed an advanced adenoma or 
invasive cancer during a follow-up evaluation (10), suggesting 
that additional risk factors for neoplasia recurrence should be 
considered together with the clinicopathological characteris-
tics of neoplasia at the initial resection.

The present study aimed to investigate the etiological 
associations between H. pylori-associated chronic gastritis 
and the risk of recurrent colorectal neoplasia following the 
first endoscopic resection in a hospital‑based cohort of patients 
undergoing follow-up colonoscopy.

Materials and methods

Study patients. A total of 155 patients [mean age ± standard 
deviation (SD), 65.1±8.6 years; range, 43-83 years] under-
went endoscopic resection of a colorectal neoplasia ≥5 mm 
in diameter between April 2003 and March 2009, with 
follow-up colonoscopy at an interval of 1-2 years subsequent 
to resection at the Wakayama Medical University Hospital 
in Wakayama, which is located in the southwestern part of 
the main island of Japan. The patients were inhabitants of 
the Wakayama area presenting with high mortality rates 
from both colorectal and stomach cancers. The reported age-
adjusted mortality rates for these two types of cancer during 
2009 were 36.5/100,000 and 49.8/100,000 person-years, 
respectively. Data about symptoms and baseline characteris-
tics (age, height, weight, socio-demographic characteristics, 
personal medical history, family history, smoking and alcohol 
consumption) was obtained using a questionnaire completed 
at the baseline examination. Subjects who had smoked ciga-
rettes regularly for ≥6 months were classified as smokers. 
Alcohol consumption was defined as drinking alcohol at 
least once a week for the past 5 years. Four patients with a 
previous history of colorectal neoplasia, gastric neoplasia and 
inflammatory bowel disease were excluded from the study. 
In addition, another 40 patients, who had been prescribed 
medications possibly affecting gastrointestinal function, such 
as proton pump inhibitors, H2 blockers or non-steroidal anti-
inflammatory drugs, prior to colonic examination, as well as 
subjects with a previous history of gastric resection, H. pylori 
eradication therapy or renal failure, were excluded due to 
possible inaccuracies in the PG test results. Twelve patients 
with colorectal cancer demonstrating histological evidence 

of penetration into the submucosa underwent subsequent 
operation and were excluded from the study. Thus, a total of 
99 subjects were analyzed in this study. None of these subjects 
showed any indication of polyposis syndrome.

Serological evaluation of H. pylori‑associated chronic 
gastritis. Aliquots of sera separated from blood samples 
collected for routine laboratory tests were stored below ‑20˚C 
for measurement of serum levels of H. pylori immunoglobulin 
(Ig)G antibody titer and PG. H. pylori IgG antibody titers 
were measured using an enzyme-linked immunosorbent 
assay (ELISA) kit (E Plate Eiken H. pylori antibody; Eiken 
Chemical Co., Ltd., Tokyo, Japan). Antibody titers ≥10 U/
ml were classified as indicative of H. pylori infection. The 
sensitivity and specificity of the ELISA used were 90.7 and 
91.5%, respectively (11). Serum PG levels were measured 
using PG I/PG II RIA-Bead kits (Dainabot Co., Ltd., Tokyo, 
Japan), using a modified radioimmunoassay method estab-
lished previously (12). Subjects with extensive CAG were 
diagnosed on the basis of the previously described PG test-
positive criteria (PG I ≤70 ng/ml; PG I/II ≤3.0) (13,14). These 
criteria provide 70.5% sensitivity and 97% specificity (13). In 
the present study, all but three CAG cases diagnosed according 
to the above PG test-positive criteria were considered H. pylori 
antibody-positive. Upper endoscopic examination of the three 
H. pylori-negative CAG cases (1 patient with no neoplasia 
on follow-up colonoscopy and 2 with neoplasia on follow-up 
colonoscopy) demonstrated extensive metaplastic gastritis 
involving both antrum and corpus. In these patients, the nega-
tive result for H. pylori antibody was considered to reflect 
spontaneous eradication of the bacteria, an end result of the 
progression of H. pylori-associated CAG. The prevalence of 
autoimmune gastritis is extremely low in Japan, with a reported 
incidence rate of 0.6/100,000 person-years (15). Therefore, 
we considered the possibility of autoimmune gastritis in the 
analyzed CAG cases, including the three H. pylori-negative 
cases, to be negligible.

H. pylori-associated chronic gastritis may be classified 
into three stages based on the results of the H. pylori anti-
body titer and PG serological tests (16). The classification 
reflects each stage of a serial change in stomach mucosa 
induced by chronic H. pylori infection. The three groups were: 
group A, H. pylori-negative and PG test-negative; group B, 
H. pylori-positive and PG test-negative and group C, PG 
test-positive. Group A corresponds to an H. pylori-free healthy 
stomach, group B to H. pylori-associated non-atrophic gastritis 
and group C to the presence of extensive CAG.

Serum gastrin levels were assessed using a Gastrin-RIA 
kit II (Dainabot), as described previously (17).

Colonoscopy and endoscopic resection of colorectal 
neoplasia. Subjects underwent full colonoscopy with adequate 
bowel preparation. The colonoscope (CF-Q260AI; Olympus, 
Tokyo, Japan) was inserted to the cecum, except in cases 
with advanced adenocarcinoma. The size of the detected 
neoplasia was classified as 5-9, 10-19, ≥20 mm or cancer. 
Subjects were classified into three groups according to the 
location of the detected polypoid lesions: proximal (cecum, 
ascending colon, hepatic flexure or transverse colon); distal 
(splenic flexure, descending colon, sigmoid colon or rectum) or 
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bilateral (lesions in both locations). The patients with polypoid 
lesions ≥5 mm detected during initial colonoscopy underwent 
endoscopic resection at second-look colonoscopy performed 
within several months after the initial procedure, subsequent 
to thorough examination of the colon and endoscopic removal 
of macroscopically visible polyps. This type of redundancy 
helps to minimize miss rates in colonoscopy.

Resected polyps were immediately fixed in 10% formalin 
and embedded in paraffin. Tissue sections were stained with 
hematoxylin and eosin (H&E) and examined under light 
microscopy. Routine histological evaluation was performed 
by staff pathologists. The removed neoplasias were classified 
based on architectural features (tubular, tubulovillous, villous 
or serrated) and epithelial dysplasia (mild, moderate, severe or 
intramucosal cancer). Carcinomas with invasion of cancer cells 
beyond the muscularis mucosa were excluded from further 
analysis. Analysis of clinical data was approved by the Ethics 
Committee of the Wakayama Medical University. Informed 
consent for the use of clinical data, including questionnaires, 
as well as laboratory and pathology results, was obtained from 
each patient.

Statistical analysis. Data were analyzed using the SPSS 
version 19.0 software (SPSS, Inc., Chicago, IL, USA) and the 
STATA software (Stata Corporation, College Station, TX, 
USA). Data for the continuous variables were expressed as 
the mean ± SD, and differences were tested for significance 
using t-tests for comparisons involving two groups and the 
analysis of variance for comparisons among multiple groups. 
Categorical variables were compared using the Chi-square 
test. Kaplan-Meier survival analysis was used to describe 
the time dependency of neoplasia recurrence with the initial 
endoscopic resection as time zero and the study censor as 
the final outcome. Log‑rank testing was used to compare the 
cumulative probabilities of the lack of recurrence in patients. 
The Cox proportional hazards model was used to calculate the 
risk of neoplasia recurrence. The adjusted hazard ratios (HRs) 
and the corresponding 95% confidence intervals (CIs) were 
determined to examine the effect of parameters including 
H. pylori infection, CAG and neoplasia characteristics on 
subsequent neoplasia recurrence, while examining the effect 
of age, gender, body mass index (BMI), total cholesterol 
(TC), triglyceride (TG), blood sugar (BS) levels, smoking and 
drinking on baseline colonoscopy. The two-sided P<0.05 was 
considered statistically significant.

Results

Study patients. A total of 99 patients, who had undergone 
endoscopic resection of colorectal neoplasia ≥5 mm in diam-
eter with a follow-up colonoscopy at an interval of 1-2 years 
subsequent to endoscopic resection, were considered eligible 
for analysis. In these patients, colorectal neoplasias recurred 
at a rate of 15,296/100,000 person-years. Subjects were 
classified into two groups according to the findings of the 
follow-up colonoscopy: patients with recurrent neoplasia 
on follow-up colonoscopy (n=37) and patients without 
neoplasia on follow-up colonoscopy (n=62). The recur-
rence rate of colorectal neoplasia in the former group was 
43,124/100,000 person-years.

Baseline characteristics of study subjects. Demographic and 
clinical features of patients in the two groups are shown in 
Table I. No significant differences were detected between the 
groups in terms of mean age, duration of follow-up, BMI, BS, 
TC, TG levels or proportion of alcohol consumption. Male 
gender and smoking status were more frequent among the 
group with neoplasia (P<0.05). Prevalence of H. pylori infec-
tion did not differ significantly in the groups. Although the 
PG I/II ratio tended to be lower in the group with compared to 
the group without neoplasia, there was no significant difference 
in serum PG levels in the two groups. The presence of CAG 
was significantly more frequent in the group with neoplasia 
(P=0.01). As for the stage of H. pylori-associated chronic 
gastritis, the presence of non-atrophic gastritis (group B) was 
not significantly more frequent, although the progression of 
chronic gastritis and the resultant CAG (group C) tended to 
show a higher prevalence in the group with neoplasia (P<0.1). 
The clinicopathological features of the neoplasia at the initial 
endoscopic resection for the two groups are also shown in 
Table I. Patients with proximal neoplasia were significantly 
more frequent within the neoplasia group compared to the 
group without neoplasia (P=0.048), whereas no significant 
differences in histopathology, grade of dysplasia or tumor size 
were detected in the two groups.

Kaplan‑Meier curves for recurrence of colorectal neoplasia 
with or without CAG. CAG was frequently observed in 
patients with recurrent neoplasia. The timelines for recur-
rence in patients with or without CAG are shown in Fig. 1. 
Kaplan-Meier curves demonstrated that patients with CAG 
experienced significantly earlier and more frequent recur-
rence of neoplasia compared to patients without CAG 
(P=0.029, log-rank test). Recurrence rates of the two groups 
were 22,573/100,000 and 11,089/100,000 person-years, 
respectively. The clinicopathological features of the recurrent 
neoplasias showed no significant differences in histopathology, 

Figure 1. Effects of H. pylori-associated chronic atrophic gastritis (CAG) 
on recurrence of colorectal neoplasia subsequent to endoscopic resection 
are shown. Patients who had undergone endoscopic resection of colorectal 
neoplasia were monitored by colonoscopy, and correlations between the 
recurrence of colorectal neoplasia and coexisting CAG were analyzed using 
the Kaplan-Meier analysis. Patients with CAG demonstrated neoplasia recur-
rence more frequently and at a markedly earlier stage compared to patients 
without CAG (P=0.029, log-rank test). Recurrence rates for patients with 
and without CAG were 22,573/100,000 and 11,089/100,000 person-years, 
respectively.
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grade of dysplasia, number or size of colorectal neoplasias 
subsequent to endoscopic resection between the groups with 
and without CAG.

Risk factors for the recurrence of colorectal neoplasia. In 
order to identify the independent risk factors for the recurrence 
of colorectal neoplasia subsequent to endoscopic resection, a 
Cox proportional hazards model was used by adjusting the 
confounding factors, including age, gender, smoking and 
drinking habits, BMI, BS, TG and TC levels. Table II shows 
HRs for the recurrence of colorectal neoplasia subsequent 

to endoscopic resection. The presence of CAG represented 
an independent risk factor for the recurrence of colorectal 
neoplasia (adjusted HR, 2.72; 95% CI, 1.33-5.57), although 
H. pylori infection alone had no significant effect and was not 
an independent risk factor. Regarding the stages of H. pylori-
associated chronic gastritis, H. pylori-associated chronic 
gastritis without extensive atrophy (group B) was not a risk, 
while progression into CAG (group C) was a significant risk 
factor for the recurrence of colorectal neoplasia (adjusted HR, 
2.97; 95% CI, 1.10-8.00). Concerning the clinicopathological 
features of neoplasia at the baseline, proximal or bilateral loca-

Table I. Baseline characteristics of study subjects.

  No neoplasia on Neoplasia on
 Overall follow-up colonoscopy follow-up colonoscopy
Characteristics (n=99) (n=62) (n=37) P-valuea

Person-years 242 156 86
Follow-up (months)b 29.3 (14.0) 30.2 (14.5) 27.8 (13.1) 0.42
Age (years)b 65.1 (8.6) 64.4 (8.2) 66.2 (9.3) 0.33
Gender (male/female) 66/33 36/26 30/7 0.02
Smoker (-/+) 49/50 36/26 13/24 0.03
Alcohol use (-/+) 45/54 30/32 15/22 0.45
BMI (cm/m2)b 23.2 (3.1) 23.5 (3.3) 22.6 (2.8) 0.15
BS (mg/dl)b 96.5 (21.4) 97.7 (24.7) 94.6 (14.4) 0.43
TG (mg/dl)b 122.5 (64.0) 119.5 (64.1) 127.6 (64.5) 0.55
TC (mg/dl)b 206.1 (33.0) 206.5 (33.0) 205.3 (33.5) 0.86
H. pylori IgG (U/ml)b 59.9 (71.1) 63.6 (68.8) 53.7 (75.2) 0.51
H. pylori infection (-/+) 26/73 17/45 9/28 0.73
PG I (ng/ml)b 62.9 (55.0) 67.8 (55.6) 54.5 (53.8) 0.25
PG II (ng/ml)b 22.3 (17.9) 23.4 (19.4) 20.5 (15.0) 0.42
PG I/IIb 3.2 (1.9) 3.5 (1.9) 2.7 (1.8) 0.05
CAG (-/+) 61/38 44/18 17/20 0.01
Group A 23 16 7
Group Bc 38 28 10 0.73
Group Cc 38 18 20 0.09
Gastrin (pg/ml)b 218.1 (209.7) 204.4 (181.1) 240.1 (251.9) 0.56
Cases/incidence ratedd 37/15296 0 37/43124
Tumors treated with initial
endoscopic resection
  Size (mm)
    5-10/11-20/>20 (%) 49.5/34.3/16.2 48.4/33.9/17.7 51.4/35.1/13.5
  Number
    1/2/≥3 (%) 47.5/23.2/29.3 51.6/25.8/22.6 40.5/18.9/40.5
  Location
    Distal/bilateral/proximal (%) 39.4/29.3/31.3 46.8/27.4/25.8 27.0/32.4/40.5e

  Histopathology (%)
    Adenoma/cancer 75.8/24.2 74.2/25.8 78.4/21.6
    Ser/Ta/Villous component (+) /Ca 1/67.7/7.1/24.2 2/64.5/8.1/25.8 0/73.0/5.4/21.6
    Mild, moderate/severe/Ca 46.5/29.3/24.2 45.2/29.0/25.8 48.6/29.7/21.6
aTwo-sided P-values for the difference between cases and controls, based on the Chi-square test and t-test; bmean (SD); cChi-square test, 
compared to group A; dper 100,000 person:years; eChi-square test, P<0.05 compared to no neoplasia. BMI, body mass index; BS, blood sugar; 
TG, triglycerides; TC, total cholesterol; PG, pepsinogen; CAG, chronic atrophic gastritis; SD, standard deviation; Ser, serrated adenoma; 
Ta, tubular adenoma; Ca, cancer.
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tion of the initially resected neoplasia showed a significantly 
higher risk factor for the recurrence of colorectal neoplasia 
compared to the distal location (proximal: adjusted HR, 
3.05; 95% CI, 1.20-7.76; bilateral: adjusted HR, 3.18; 95% CI, 
1.19-8.48).

When the stricter criteria of a positive PG I (≤50 ng/ml) 
and PG I/II ratio (≤3.0) were employed to detect subjects with 
more advanced and severe CAG (14) in the same analysis, 
76.3% (29/38) of patients were diagnosed as CAG-positive 
based on the less strict criteria (PG I ≤70 ng/ml and PG I/II 
≤3.0) and were considered to have a more advanced stage 
of CAG. These subjects with more extensive and severe 
CAG showed a higher risk of recurrent colorectal neoplasia 
(P=0.01, log-rank test) (adjusted HR, 3.16; 95% CI, 1.18-8.48) 
compared to the less advanced CAG. The recurrence rates of 
the two groups, with and without more extensive and severe 
CAG, were 25,352/100,000 and 11,124/100,000 person-years, 
respectively.

Discussion

Surveillance guidelines subsequent to colorectal adenoma 
removal recommend various colonoscopic surveillance inter-
vals, based on the risk of subsequent metachronous neoplasia, 
as predicted by findings of studies on initial colonoscopy, 
while patients with larger or multiple polyps on index colo-
noscopy undergo more frequent surveillances (8,9). However, 
current knowledge concerning the correlation between host 
or tumor factors as demonstrated by the findings on baseline 
colonoscopy has indicated the risk of metachronous neoplasms 
is based on a rather small body of scientific evidence. One 
study demonstrated that neither age nor gender predicted the 
recurrence of neoplasia (18). In other studies, older age and/or 
higher BMI were associated with subsequent risk of advanced 
adenoma (10,19). As a result, many clinicians do not adhere 
to surveillance guidelines, often performing colonoscopies 
more frequently than recommended due to concerns about 
missed lesions or interval cancers (20). Consequently, the 
identification of clinical risk factors for the recurrence of 
colorectal neoplasia is undoubtedly needed. The present study 
investigated the correlations between H. pylori-associated 
chronic gastritis and the risk of recurrent colorectal neoplasia. 
When the infection is established in the stomach mucosa, 
H. pylori-associated chronic gastritis generally induces a 
series of events involved in stomach carcinogenesis, through 
the gastritis-atrophy-metaplasia-dysplasia-cancer sequence 
(21). Therefore, study subjects were stratified based on the 
stage of H. pylori-associated chronic gastritis as determined 
by the serum tests H. pylori antibody titer and PG, and then 
evaluated based on the risk of colorectal neoplasia recurrence 
at each stage. Results clearly confirmed H. pylori-associated 
CAG to be a risk factor for recurrent colorectal neoplasia.

A limited number of previous hospital-based case-control 
(22,23) and comparative studies (24-28) have reported an 
increased risk of colorectal neoplasia in the presence of 
H. pylori infection. As for CAG, two reports have described  
non‑significant results for the correlation between colorectal 
cancer and CAG (29,30). Our previous population-based 
case-control study comprising middle-aged male factory 
workers, which included adjustment for potential confounding 
factors, clearly demonstrated an increase in the risk of 
colorectal adenoma in the presence of H. pylori-associated 
chronic gastritis (7). To the best of our knowledge, the present 
is the first study to assess H. pylori-associated chronic gastritis 
as a risk factor for the recurrence of colorectal neoplasia, indi-
cating that H. pylori infection alone does not contribute to risk 
elevation, and that the establishment of CAG as evaluated by 
serum PG levels significantly increases the risk of recurrent 
colorectal neoplasia. In addition, the progression of CAG leads 
to further risk elevation. Generally, the subjects subsequent to 
colorectal neoplasia removal investigated in the present study 
are considered to be at higher risk of future neoplasia compared 
to the neoplasia-free subjects investigated in the previous study 
(31). These results indicate that the recurrence of neoplasia 
requires an additional host factor, as a more potent driving 
force for the carcinogenic sequence than the establishment of 
H. pylori infection. Thus, the establishment of CAG as a result 
of the progression of H. pylori-associated chronic gastritis is 
likely to be a risk factor. Although histopathological analysis of 

Table II. Hazard ratios for recurrent colorectal neoplasia after 
endoscopic resection.

 Crude HR Adjusted HRa

Characteristics (95% CI) (95% CI)

H. pylori
  (-) 1 1
  (+) 1.11 (0.52-2.36) 1.39 (0.61-3.14)
CAG
  (-) 1 1
  (+) 2.02 (1.05-3.91)b 2.72 (1.33-5.57)c

Group A 1 1
Group B 0.89 (0.34-2.33) 1.14 (0.41-3.20)
Group C 1.88 (0.79-4.49) 2.97 (1.10-8.00)b

Size (mm)
  5-10 1 1
  11-20 1.16 (0.56-2.40) 1.25 (0.56-2.80)
  >20 0.90 (0.33-2.45) 1.05 (0.36-3.08)
Number
  1 1 1
  2 0.88 (0.36-2.19) 0.86 (0.33-2.24)
  ≥3 2.39 (1.15‑4.96)b 1.98 (0.83-4.75)
Location
  Distal 1 1
  Bilateral 2.21 (0.92-5.27) 3.18 (1.19-8.48)b

  Proximal 2.00 (0.87-4.57) 3.05 (1.20-7.76)b

Histopathology
  Adenoma 1 1
  Cancer 0.79 (0.36-1.74) 0.66 (0.28-1.57)

aAdjusted for age, gender, smoking habit, alcohol use, BMI, BS, TG 
and TC by Cox proportional hazard models; bP<0.05; cP<0.001. HR, 
hazard ratio; CI, confidence interval; H. pylori, Helicobacter pylori; 
CAG, chronic atrophic gastritis; BMI, body mass index; BS, blood 
sugar; TG, triglycerides; TC, total cholesterol.
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the recurrent neoplasias in the present study showed no statis-
tically significant difference between groups of patients with 
and without CAG, possibly due to the relatively small number 
of study patients and a limited follow-up period, neoplasias 
≥10 mm in diameter and rapidly growing flat neoplasias were 
detected more frequently in patients with CAG compared to 
those without CAG. Considering these findings, the signifi-
cant correlation between CAG and the recurrent colorectal 
neoplasia observed in this study reinforces the results of our 
previous report confirming the correlation between H. pylori 
infection and the risk of colorectal adenoma, while strongly 
suggesting that gastric atrophy promotes the recurrence and 
growth of colorectal neoplasias.

H. pylori infection increases gastrin secretion, possibly 
contributing to neoplastic progression in the colon (2). 
Gastrin-induced hyperproliferation and hyperplasia are 
considered to represent the early stages in the sequence of 
events leading to adenocarcinoma. A limited number of 
previously conducted epidemiological studies investigating 
the correlation between colorectal neoplasia and gastrin, 
demonstrated inconsistent results. More specifically, certain 
studies indicated positive correlations (32), while others 
including a recent large-scale nested case-control study, 
determined no such correlation (25,33). The differences in 
results reported in these studies might be attributable to 
the fact that most commercially available assays for gastrin 
detect the mature, fully-amidated form of the hormone, while 
gastrin precursors, such as progastrin or glycine-extended 
gastrin, are considered to act as more important promoters 
of colorectal carcinogenesis (2-5). The present study demon-
strated no significant difference in the analyzed serum 
levels of mature amidated gastrin in groups with or without 
neoplasia recurrence.

H. pylori infection might also affect the normal gastroin-
testinal flora as a result of the reduced gastric acid secretion 
induced by H. pylori-associated chronic gastritis, contributing 
to colorectal carcinogenesis (34). Previous studies have indi-
cated that the presence of enteric infection and overgrowth of 
intestinal bacteria are directly related to a reduction in gastric 
acid secretion (35-37). Our previous study demonstrated that 
CAG-positive asymptomatic middle-aged subjects, as deter-
mined by the serum PG levels of PG I ≤70 ng/ml and a PG I/II 
ratio of ≤3.0, were found to have larger colonic microflora 
compared to CAG-negative subjects, with an increase in 83% 
of the genera or groups comprising intestinal microflora (6). 
Gastric acid reduction is also reported to lead to increases in 
unabsorbed nutrients in the lower intestine, due to impaired 
gastric protein digestion (38), therefore leading to the alteration 
of the microflora with an increase in bacterial species utilizing 
these malabsorbed nutrients. Certain metabolites derived 
from the bacterial fermentation of malabsorbed proteins are 
also likely to be involved in the etiopathogenesis of colonic 
disorders, including epithelial neoplasia (39). In addition, 
H. pylori urease might transform urea in the gastric juice into 
ammonia and carbon dioxide (40). Ammonia is a known cyto-
toxic agent and mediator of mucosal cell damage, as well as a 
carcinogen. The higher luminal pH levels induced by H. pylori 
infection may also increase the absorption of ammonia, thus 
contributing to enhanced genetic damage, leading to colorectal 
carcinogenesis (41).

Consistent with several previously conducted studies 
(10,19,42), in our study, patients who had proximal neoplasia 
were more likely to develop recurrent neoplasia. Although the 
underlying mechanisms are uncertain, this finding suggests 
differences in the tumorigenic process based on the site of the 
large bowel. Accumulated evidence suggests that the molec-
ular mechanisms involved in the development of colorectal 
neoplasia varies in the proximal and distal colon; the molec-
ular features of the CpG island methylator phenotype (CIMP+) 
and microsatellite instability (MSI+) are predominant in the 
proximal colon, while chromosomal instability (CIN) occurs 
in the distal colon (43).

However, our previous study demonstrated that extensive 
CAG was more strongly correlated with the prevalence of 
proximal compared to the prevalence of distal neoplasia. The 
alterations in DNA methylation has recently been observed 
during inflammation and chronic inflammation-associated 
carcinogenesis in various organs (44). Thus, CAG-induced 
colonic bacterial overgrowth may trigger aberrant DNA 
methylation and activate the carcinogenic process, to which 
the proximal colon is more susceptible. Furthermore, colonic 
bacterial overgrowth is considered to lead to the enhanced 
production of secondary bile acids, reportedly increasing 
the risk of proximal colon cancer (45). In addition to causing 
DNA damage, these bile acids are presumed to activate the 
carcinogenic pathway involving DNA methylation (46,47). As 
a result, these findings indicate the possibility that the recur-
rence of neoplasias among patients with proximal neoplasia 
and patients with H. pylori-associated CAG are likely to have 
a common background predisposition to the development of 
neoplasias, such as altered DNA methylation-induced cancer-
ization in normal tissues.

Certain limitations should be considered for this study. 
Firstly, neoplasias detected on follow-up colonoscopy subse-
quent to endoscopic resection at times might represent lesions 
missed during baseline colonoscopy. Rex et al (48) demon-
strated tandem colonoscopy miss rates of 24% for polyps of 
any size, ranging from 27 to 6% for adenomas <5 and ≥10 mm, 
respectively. Hixson et al (49) found a miss rate of 15% for 
polyps <10 mm. Since neoplasia miss rates were the highest for 
small adenomas (48), the size of the initial resected neoplastic 
lesion was restricted to ≥5 mm. In addition, the removal of 
neoplasia was performed during second-look colonoscopy to 
minimize the effect of missed lesions on our findings. Thus, 
the proportion of missed lesions during baseline colonoscopy 
is considered likely to be small. 

Secondly, since our study relied on observational data from 
a relatively small sample at a single hospital, the potential for 
patient selection bias remains. In the present study, the recur-
rence rate of colorectal neoplasia after endoscopic resection 
was 15,296/100,000 person-years. Of the individuals with 
one or more adenomas removed at colonoscopy, 20-50% are 
likely to be found to have a metachronous lesion on follow-up 
colonoscopy within 3-5 years (10). In addition, the rate of 
cancer development in the present study (1.24 cancers/1000 
person-years) was similar to the results reported in several 
other clinical trials with colonoscopic follow-up of patients 
following the endoscopic resection of colorectal adenomas 
(0.6-2.4 cancers/1000 person-years) (50). Although we do not 
claim a complete absence of selection bias, the recurrence rate 
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for colorectal neoplasia in the present study lies within a range 
similar to the recently reported values, as described above. 
Thirdly, with respect to the misclassification of exposures, 
diagnoses of H. pylori infection and atrophic gastritis were 
based on serological test results. The fact that results similar to 
our previous report were obtained despite the use of different 
cohorts indicates the reliability of the serological tests.

The establishment of CAG was associated with an increased 
risk of recurrent colorectal neoplasia after endoscopic resec-
tion, and the progression of this CAG increased the risk. 
Approximately 67% of patients with CAG developed colorectal 
neoplasia within the 3-year follow-up period. By contrast, 
almost the same percentage of patients without CAG showed no 
recurrence. The stage of H. pylori-associated chronic gastritis, 
as determined by the two serological markers H. pylori antibody 
and PG, are useful for the evaluation of the risk of colorectal 
interval neoplasia, while allowing identification of individuals 
at high risk subsequent to endoscopic resection, especially in 
countries with a high prevalence of H. pylori infection. Whether 
or not the results of the present study apply to other populations 
with low prevalences of H. pylori infection, and particularly to 
the inhabitants of Western countries, has yet to be elucidated. To 
determine the involvement of H. pylori infection in the carcino-
genesis of the colorectum and whether the eradication therapy 
for H. pylori-infected subjects reduces the risk of colorectal 
neoplasia further investigations are required.

Acknowledgements

This study was partly financed by a Grant-in-Aid for cancer 
research from the Ministry of Health, Labor and Welfare of 
Japan. The authors would like to thank Ms. Kazu Konishi for 
her excellent secretarial assistance.

References

  1. Lee JH, Bae JS, Ryu KW, et al: Gastric cancer patients at 
high-risk of having synchronous cancer. World J Gastroenterol 
12: 2588-2592, 2006.

  2. Ciccotosto GD, McLeish A, Hardy KJ and Shulkes A: Expression, 
processing, and secretion of gastrin in patients with colorectal 
carcinoma. Gastroenterology 109: 1142-1153, 1995.

  3. Hollande F, Imdahl A, Mantamadiotis T, Ciccotosto GD, 
Shulkes A and Baldwin GS: Glycine-extended gastrin acts as 
an autocrine growth factor in a nontransformed colon cell line. 
Gastroenterology 113: 1576-1588, 1997.

  4. Brown D, Yallampalli U, Owlia A and Singh P: pp60c-Src 
kinase mediates growth effects of the full-length precursor 
progastrin1-80 peptide on rat intestinal epithelial cells, in vitro. 
Endocrinology 144: 201-211, 2003.

  5. Koh TJ: Extragastric effects of gastrin gene knock-out mice. 
Pharmacol Toxicol 91: 368-374, 2002.

  6. Kanno T, Matsuki T, Oka M, et al: Gastric acid reduction leads to 
an alteration in lower intestinal microflora. Biochem Biophys Res 
Commun 381: 666-670, 2009.

  7. Inoue I, Mukoubayashi C, Yoshimura N, et al: Elevated risk of 
colorectal adenoma with Helicobacter pylori-related chronic 
gastritis: a population-based case-control study. Int J Cancer 129: 
2704-2711, 2011.

  8. Saini SD, Kim HM and Schoenfeld P: Incidence of advanced 
adenomas at surveillance colonoscopy in patients with a personal 
history of colon adenomas: a meta-analysis and systematic 
review. Gastrointest Endosc 64: 614-626, 2006.

  9. Lin OS: Clinical update: postpolypectomy colonoscopy surveil-
lance. Lancet 370: 1674-1676, 2007.

10. Martinez EM, Baron AJ, Lieberman AD, et al: A pooled analysis 
of advanced colorectal neoplasia diagnoses after colonoscopic 
polypectomy. Gastroenterology 136: 832-841, 2009.

11. Kikuchi S and Miwa H: Efficacy of the ELISA test ‘E Plate Eiken 
H. pylori antibody’ for the diagnosis of Helicobacter pylori 
infection. Jpn J Med Pharm Sci 43: 581-586, 2000 (In Japanese).

12. Ichinose M, Miki K, Furihata C, et al: Radioimmunoassay of 
serum group I and group II pepsinogens in normal controls and 
patients with various disorders. Clin Chim Acta 126: 183-191, 
1982.

13. Ichinose M, Yahagi N, Oka M, Ikeda H, Miki K and Omata M: 
Screening for gastric cancer in Japan. In: Cancer Screening. 
Wu GY and Aziz K (eds). Humana Press, Totowa, NJ, pp255-268, 
2001.

14. Yanaoka K, Oka M, Mukoubayashi C, et al: Cancer high-risk 
subjects identified by serum pepsinogen tests: outcomes after 
10-year follow-up in asymptomatic middle-aged males. Cancer 
Epidemiol Biomarkers Prev 17: 838-845, 2008.

15. Komine M: Megaloblastic anemia. Int J Hematol 71: 8, 2000.
16. Ohata H, Kitauchi S, Yoshimura N, et al: Progression of chronic 

atrophic gastritis associated with Helicobacter pylori infection 
increases risk of gastric cancer. Int J Cancer 109: 138-143, 
2004.

17. Takeda M, Iwachika C, Demura H, Shiratori K and Watanabe S: 
Experimental and clinical investigation of gastrin RIA kit α. 
Horumon To Rinsho 31: 1123-1128, 1983 (In Japanese).

18. Harewood GC and Lawlor GO: Incident rates of colonic neoplasia 
according to age and gender. J Clin Gastroenterol 39: 894-899, 
2005.

19. Laiyemo AO, Murphy G, Albert PS, et al: Postpolypectomy 
surveillance guidelines: predictive accuracy for advanced 
adenoma at 4 years. Ann Intern Med 148: 419-426, 2008.

20. Boolchand V, Olds G, Singh P, Chak A and Cooper GS: Colorectal 
screening after polypectomy: a national survey study of primary 
care physicians. Ann Intern Med 145: 654-659, 2006.

21. Correa P: Human gastric carcinogenesis: a multistep and multi-
factorial process - First American Cancer Society Award Lecture 
on Cancer Epidemiology and Prevention. Cancer Res 52: 6735-
6740, 1992.

22. Meucci G, Tatarella M, Vecchi M, et al: High prevalence of 
Helicobacter pylori infection in patients with colonic adenomas 
and carcinomas. J Clin Gastroenterol 25: 605-607, 1997.

23. Breuer-Katschinski B, Nemes K, Marr A, Rump B, Leiendecker B, 
Breuer N and Goebell H: Helicobacter pylori and the risk of 
colonic adenomas. Colorectal Adenoma Study Group. Digestion 
60: 210-215, 1999.

24. Mizuno S, Morita Y, Inui T, et al: Helicobacter pylori infection 
is associated with colon adenomatous polyps detected by 
high-resolution colonoscopy. Int J Cancer 117: 1058-1059, 
2005.

25. Fireman Z, Trost L, Kopelman Y, Segal A and Sternberg A: 
Helicobacter pylori: seroprevalence and colorectal cancer. Isr 
Med Assoc J 2: 6-9, 2000.

26. Shmuely H, Passaro D, Figer A, et al: Relationship between 
Helicobacter pylori CagA status and colorectal cancer. Am J 
Gastroenterol 96: 3406-3410, 2001.

27. Fujimori S, Kishida T, Kobayashi T, et al: Helicobacter pylori 
infection increases the risk of colorectal adenoma and adeno-
carcinoma, especially in women. J Gastroenterol 40: 887-893, 
2005.

28. Jones M, Helliwell P, Pritchard C, Tharakan J and Mathew J: 
Helicobacter pylori in colorectal neoplasms: is there an aetio-
logical relationship? World J Surg Oncol 5: 51, 2007.

29. Machida-Montani A, Sasazuki S, Inoue M, et al: Atrophic 
gastritis, Helicobacter pylori, and colorectal cancer risk: a case-
control study. Helicobacter 12: 328-332, 2007.

30. Laiyemo AO, Kamanger F, Marcus PM, Taylor PR, Virtamo J, 
Albanes D and Stolzenberg-Solomon RZ: Atrophic gastritis and 
the risk of incident colorectal cancer. Cancer Causes Control 21: 
163-170, 2010.

31. Imperiale TF, Glowinski EA, Lin-Cooper C, Larkin GN, 
Rogge JD and Ransohoff DF: Five-year risk of colorectal 
neoplasia after negative screening colonoscopy. N Engl J Med 
359: 1218-1224, 2008.

32. Georgopoulos SD, Polymeros D, Triantafyllou K, Spiliadi C, 
Mentis A, Karamanolis DG and Ladas SD: Hypergastrinemia 
is associated with increased risk of distal colon adenomas. 
Digestion 74: 42-46, 2006.

33. Penman ID, el-Omar E, Ardill JES, McGregor JR, Galloway DJ, 
O'Dwyer PJ and McColl KE: Plasma gastrin concentrations 
are normal in patients with colorectal neoplasia and unaltered 
following tumor resection. Gastroenterology 106: 1263-1270, 
1994.



INOUE et al:  H. pylori-ASSOCIATED CAG AND RECURRENT COLORECTAL NEOPLASIA8

34. Kado S, Uchida K, Funabashi H, et al: Intestinal microflora are 
necessary for development of spontaneous adenocarcinoma of 
the large intestine in T-cell receptor β chain and p53 double-
knockout mice. Cancer Res 61: 2395-2398, 2001.

35. Howden CW and Hunt RH: Relationship between gastric 
secretion and infection. Gut 28: 96-107, 1987.

36. Drasar BS, Shiner M and McLeod GM: Studies on the intestinal 
flora: I. The bacterial flora of the gastrointestinal tract in healthy 
and achlorhydric persons. Gastroenterology 56: 71-79, 1969.

37. Thorens J, Froehlich F, Schwizer W, et al: Bacterial overgrowth 
during treatment with omeprazole compared with cimetidine: 
a prospective randomized double blind study. Gut 39: 54-59, 
1996.

38. Evenepoel P, Claus D, Geypens B, Maes B, Hiele M, Rutgeerts P 
and Ghoos Y: Evidence for impaired assimilation and increased 
colonic fermentation of protein, related to gastric acid suppres-
sion therapy. Aliment Pharmacol Ther 12: 1011-1019, 1998.

39. Visek WJ: Diet and cell growth modulation by ammonia. Am J 
Clin Nutr 31: 216-220, 1978.

40. LeVeen HH, LeVeen EG and LeVeen RF: Awakenings to the 
pathogenicity of urease and the requirement for continuous 
long-term therapy. Biomed Pharmacother 48: 157-166, 1994.

41. Clinton SK, Bostwick DG, Olson LM, Mangian HJ and 
Visek WJ: Effects of ammonium acetate and sodium cholate on 
N-methyl-N-nitro-N-nitrosoguanidine-induced colon carcino-
genesis of rats. Cancer Res 48: 3035-3039, 1988.

42. Martinez ME, Sampliner R, Marshall JR, Bhattacharyya AK, 
Reid ME and Alberts DS: Adenoma characteristics as risk 
factors for recurrence of advanced adenomas. Gastroenterology 
120: 1077-1083, 2001.

43. Iacopetta B: Are there two sides to colorectal cancer? Int J 
Cancer 101: 403-408, 2002.

44. Nakajima T, Enomoto S and Ushijima T: DNA methylation: a 
marker for carcinogen exposure and cancer risk. Environ Health 
Prev Med 13: 8-15, 2008.

45. Giovannucci E, Colditz GA and Stampfer MJ: A meta-analysis of 
cholecystectomy and risk of colorectal cancer. Gastroenterology 
105: 130-141, 1993.

46. Pereira MA, Wang W, Kramer PM and Tao L: DNA hypometh-
ylation induced by non-genotoxic carcinogens in mouse and rat 
colons. Cancer Lett 212: 145-151, 2004.

47. Bernstein H, Bernstein C, Payne CM, Dvorakova K and 
Garewal H: Bile acids as carcinogens in human gastrointestinal 
cancers. Mutat Res 589: 47-65, 2005.

48. Rex DK, Cutler CS, Lemmel GT, et al: Colonoscopic miss 
rates of adenomas determined by back-to-back colonoscopies. 
Gastroenterology 112: 24-28, 1997.

49. Hixson LJ, Fennerty MB, Sampliner RE and Garewal HS: 
Prospective blinded trial of the colonoscopy miss-rate of large 
colorectal polyps. Gastrointest Endosc 37: 125-127, 1991.

50. Robertson DJ, Greenberg ER, Beach M, et al: Colorectal cancer in 
patients under close colonoscopic surveillance. Gastroenterology 
129: 34-41, 2005.


