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Objective—To evaluate the long-term effect of cumulative time exposed to Helicobacter pylori
infection on the progression of gastric lesions.

Design—795 adults with precancerous gastric lesions were randomised to receive anti-H. pylori
treatment at baseline. Gastric biopsies were obtained at baseline and at 3, 6, 12 and 16 years. A
total of 456 individuals attended the 16-year visit. Cumulative time of H. py/oriexposure was
calculated as the number of years infected during follow-up. Multivariable logistic regression
models were used to estimate the risk of progression to a more advanced diagnosis (versus no
change/regression) as well as gastric cancer risk by intestinal metaplasia (IM) subtype. For a more
detailed analysis of progression, we also used a histopathology score assessing both severity and
extension of the gastric lesions (range 1-6). The score difference between baseline and 16 years
was modelled by generalised linear models.

Results—Individuals who were continuously infected with H. pylori for 16 years had a higher
probability of progression to a more advanced diagnosis than those who cleared the infection and
remained negative after baseline (p=0.001). Incomplete-type IM was associated with higher risk of
progression to cancer than complete-type (OR, 11.3; 95% CI 1.4 to 91.4). The average
histopathology score increased by 0.20 units/year (95% CI 0.12 to 0.28) among individuals
continuously infected with H. pylori. The effect of cumulative time of infection on progression in
the histopathology score was significantly higher for individuals with atrophy (without 1M) than
for individuals with IM (p<0.001).

Conclusions—Long-term exposure to H. pylori infection was associated with progression of
precancerous lesions. Individuals infected with H. py/lori with these lesions may benefit from
eradication, particularly those with atrophic gastritis without IM. Incomplete-type IM may be a
useful marker for the identification of individuals at higher risk for cancer.

Introduction

Helicobacter pylori (H. pylori) infection is categorised as a class | carcinogen for the
development of gastric cancer (GC).1 In the pathogenesis of intestinal-type non-cardia
adenocarcinoma, H. pylori-induced chronic gastric inflammation slowly progresses through
the following series of lesions known as Correa cascade: non-atrophic gastritis (NAG),
multifocal atrophic gastritis without intestinal metaplasia (MAG), intestinal metaplasia (IM)
and dysplasia.23 The latter three are considered premalignant stages, and studies in different
populations have shown that the risk of GC increases with the severity of precancerous
lesions.4-6

Multiple studies have assessed the effect of anti-H. py/ori therapy on gastric premalignant
and malignant lesions, but they have provided conflicting results.” A study by Leung et a/in
Chinese individuals reported that, after 5 years of follow-up, H. py/orieradication
significantly slowed the progression of precancerous lesions.8 Another trial in China, the
Shandong Intervention Trial, demonstrated that anti-H. py/ori therapy significantly reduced
the prevalence and severity of precancerous lesions® as well as reduced the incidence, but
not the mortality of GC, after 15 years of follow-up.10 Further analyses stratified by
subgroups found that antibiotic treatment was associated with a significant decrease in GC
incidence and mortality at ages 55 years and older and a statistically significant decrease in
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incidence among those with IM or dysplasia.1! The latter finding contrasts with the main
conclusion of another Chinese study by Wong et a/ that reported significantly decreased GC
incidence after a follow-up of 7.5 years after eradication of H. pylori only in the subgroup of
patients without precancerous lesions at enrolment.12 More than 40% of the GC cases
worldwide occur in China; therefore, it is not surprising that most randomised trials have
been conducted in this country. A recent meta-analysis of 24 studies (observational and
randomised controlled trials) reported significant benefit in eradicating H. pyloriin
populations where baseline GC incidence was higher than 150 per 100 000 person-years.13

Our research group conducted a randomised, placebo-controlled, three-way factorial trial in
the Colombian Andes Mountains evaluating the effects of anti-H. py/oritherapy with or
without vitamin supplementation (ascorbic acid and/or beta-carotene) on individuals with
gastric precancerous lesions.1* We found that, after 6 years of follow-up, eradication of H.
pyloriand both vitamin supplements were significantly associated with regression of
precancerous lesions.1# At 12 years of follow-up, the effects of the vitamin interventions
were lost, but H. pylorieradication remained significantly associated with regression of
precancerous lesions.1® To expand on our previous findings, the aim of this analysis was to
evaluate the effect of cumulative time of H. py/oriinfection on progression of gastric lesions
over a period of 16 years.

Study subjects, treatment and follow-up

Details of subject characteristics and results of the 6-year and the 12-year follow-up of our
trial were reported previously.1415 Briefly, 1219 volunteers aged 29-69 years from two
Colombian towns (Pasto and Tuquerres) in a high-risk area for GC were screened in 1991.
Among these, 795 individuals with histological diagnosis of gastric precancerous lesions
were randomly assigned to receive 14 days of anti-H. pyloritherapy (amoxicillin,
metronidazole and bismuth subsalicylate, referred to as ‘antibiotics’) or placebo, with or
without supplementation for 6 years with beta-carotene and/or ascorbic acid or their
corresponding placebos, resulting in eight possible treatment combinations: (1) antibiotics +
beta-carotene; (2) antibiotics + ascorbic acid; (3) antibiotics + beta-carotene + ascorbic acid;
(4) antibiotics + placebo; (5) placebo + beta-carotene; (6) placebo + ascorbic acid; (7)
placebo + beta-carotene + ascorbic acid; and (8) placebos only. Individuals assigned to anti-
H. pyloritherapy who tested positive for H. pylori at 3 years of follow-up were treated again
for 14 days with amoxicillin, clarithromycin and either omeprazole or lansoprazole. After 6
years of follow-up, the trial was unblinded, and anti-H. py/ori therapy was offered to those
not treated. Individuals were then followed for an additional 10 years (figure 1). Informed
written consent was obtained from all participants. The institutional review boards of
Louisiana State University Health Sciences Centre and of Vanderbilt University and the
Committees on Ethics of Universidad del Valle and Hospital Departamental de Narifio in
Colombia approved the protocol of this study.
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Histopathology and H. pylori infection assessment

Upper Gl tract endoscopies were performed by the same two experienced
gastroenterologists at baseline and at 3, 6, 12 and 16 years of follow-up. At the time of each
endoscopy, four gastric mucosa biopsy samples were obtained for histology: antrum (lesser
and greater curvature, both within 5 cm from the pylorus), /ncisura angularis and one from
corpus (anterior wall). The specimens were fixed in formalin and embedded in paraffin, and
4-micron-thick sections were stained with H&E for regular histology and with the modified
Steiner techniquel® to detect H. pylori. Special mucin stains (Alcian blue pH 2.5/periodic
acid Schiff and high-iron diamine/Alcian blue) were performed for the detection or
classification of IM into complete and incomplete types1’18 when needed, but most cases
were classified on the basis of morphology on H&E-stained sections.1® Histological sections
from all gastric tissues collected at 16 years were examined independently by two
experienced pathologists (MBP and JCB) unaware of both treatment assignment and the
results of prior histopathological evaluations. All biopsy sets of individuals with discordance
in assignment of the histological diagnosis between the two pathologists, as well as with
discordance in the grading of dysplastic lesions, were reviewed by a third experienced senior
pathologist (PC) to reach a consensus.

Histological diagnosis categories—Gastric lesions were classified according to
internationally accepted guidelines for the diagnosis of NAG, MAG, IM, dysplasia and GC.
20-22 \\e assigned numerical codes to each diagnostic category following the Correa
cascade: 1=normal, 2=NAG, 3= MAG, 4=IM, 5=dysplasia and 6=GC. The most advanced
lesion observed in the set of biopsies of a given subject at each endoscopic procedure was
considered as the histological diagnosis.

Interobserver agreement—To determine interobserver agreement in histology
assessment over the 16-year study period, 100 individuals were randomly selected from the
study set of 456 who attended the 16-year follow-up visit. One of the pathologists (MBP)
blindly re-evaluated the original histological sections from all sets of biopsies collected at
baseline and at 6, 12 and 16 years. Among the 100 selected individuals, 86 attended the 6-
year visit and 96 attended the 12-year visit. A total of 382 sets of biopsies were re-evaluated
for histological diagnosis and the results were compared with the previous consensus
diagnoses. The re-evaluation of the sections of the 16-year follow-up was performed at least
1 year after the initial review. Overall agreement had a kappa value of 0.64 (95% CI 0.59 to
0.72), with year-specific values of 0.64, 0.69, 0.72 and 0.53 for baseline, 6, 12 and 16 years,
respectively. The highest kappa value was observed at year 12 and the lowest was observed
at year 16, with no significant temporal trend and overlapping Cls.

Correa histopathology scoring system—For a more detailed analysis of progression,
we used our previously developed histopathology score, 1523 which we have named herein
the Correa Histopathology Scoring System, and referred to from now on as Correa score
(table 1 and online supplementary table 1). Based on the above-described histological
diagnosis categories (coded from 1 to 6), the Correa score assigns numerical values to the
various levels of extension, type and grade of the precancerous lesions MAG, IM and
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dysplasia. All biopsies (antrum, /incisura angularis and corpus) in each set are equally
considered for the score without grouping them by anatomic location.

For individuals with MAG or IM, the extension of both atrophy and IM was scored in each
biopsy sample (0=absent; 1=mild; 2=moderate; 3=marked) according to the visual analogue
scales of the updated Sydney System.21 To better reflect the heterogeneity of the
precancerous lesions, the Correa scoring system adds the following values to the diagnosis
of MAG (coded as 3): indefinite for atrophy (0.25), mild (0.50), moderate (0.75) and marked
(1.0), resulting in scores from 3.25 to 4.0. Similarly, the Correa scoring system adds values
to the diagnosis of IM (coded as 4) according to type and extension. IM type includes four
categories: complete (0.1), mixed predominantly complete (0.2), mixed predominantly
incomplete (0.3) and incomplete (0.4). IM extension is graded 0-3 (O=absent; 1=mild;
2=moderate; 3=marked) in each biopsy and the average of each set of biopsies is given a
value of 0.2, 0.4 or 0.6, for mild, moderate or marked, respectively. Values for type and
extension are added to the histological diagnosis of IM, resulting in scores ranging from 4.3
to 5.0. Dysplastic lesions are classified according to the Padova International Classification
for Dysplasia.?2 The Correa scores for dysplasia (coded as 5) are indefinite for dysplasia
(5.25), low grade (5.50) and high grade (5.75) (table 1 and online supplementary table 1).
For MAG, IM type and dysplasia, the most advanced grade seen (maximum value) among
all biopsies was used.

Operative link for gastritis assessment (OLGA) and operative link on gastric
intestinal metaplasia assessment (OLGIM) staging systems—To evaluate the
OLGA and OLGIM systems2425 as predictors of progression to GC, all sets of baseline
biopsy specimens were reclassified by a single experienced pathologist (MBP). Review of
the histological sections was done unaware of the treatment assignment and the results of
subsequent histopathological evaluations. The extent of atrophic-metaplastic lesions (for
OLGA) and that of IM (for OLGIM) were scored as percentages in all antrum, /ncisura
angularis and corpus biopsies. Combined scores of antrum and /ncisura angularis biopsies
represented the antral compartment. Stages were obtained combining antrum and corpus
Scores.

Statistical analysis

For each subject, the cumulative time exposed to H. py/foriwas calculated by adding the
number of years infected during all intervals between endoscopic visits. For each interval,
the time infected with H. pyforiwas estimated as: (1) the number of years between two
positive endoscopies or (2) the midpoint in years between a negative and a positive (0-3
years was 1.5; 3—6 years was 1.5; 6-12 years was 3; and 12-16 years was 2). All times were
added, even though there may have been a lapse or interim period of no exposure.

Poisson regression models were used to compute incidence rates of reinfection/
recrudescence and clearance of H. pylori. Multivariable logistic regression models were used
to estimate the risk of progression to a more advanced diagnosis (versus no change/
regression), as well as the risks of GC by OLGA and OLGIM systems (stages Il and IV
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versus others) and by IM type (incomplete versus complete). For these analyses, individuals
with both types were classified as having incomplete-type IM.

Generalised linear regression models with a Gaussian link were used to estimate the effect of
H. pylori cumulative exposure on the difference in the histopathology score from baseline to
16 years, adjusting for interventions and potential confounders. The following independent
variables were included in the initial model: randomised treatment (ie, antibiotics plus beta-
carotene and ascorbic acid, antibiotics plus beta-carotene, antibiotics plus ascorbic acid,
antibiotic plus placebo), cumulative time of H. pylori exposure and H. pylori status at 16
years. Covariates were age, gender, town and baseline diagnosis. The initial model was fitted
with randomised treatment without any post-randomisation variables. H. pylori status was
modelled as follows: (1) cumulative time exposed, (2) last status and (3) status at each
endoscopic visit (3, 6, 12 and 16 years). Variables were removed from the final model if they
were not statistically significant at the 0.05 level. All statistical analyses were performed
using STATA V.14 (STATACorp).

Of the 795 randomised individuals at baseline, 456 returned for the 16-year follow-up visit.
Characteristics of the study subjects at each endoscopic visit are presented in table 2.

Person-time rates of reinfection/recrudescence and clearance among individuals that did not
receive anti-H. pyloritreatment at baseline or immediately after the 6-year follow-up were
computed for three periods: from baseline to 6 years; from 6 to 12 years; and from 12 to 16
years (table 3). Reinfection/recrudescence rates did not change significantly over time, but
the clearance rate doubled between the first 6 -year period and the following 6 years. After
the 12-year endoscopic visit, individuals positive for H. pyloriwere referred to their primary
care physicians, since a new round of treatment was not part of the study protocol and
therefore not recorded. The higher clearance rate observed between 12 and 16 years
compared with previous periods may be in part explained by the inclusion of individuals that
may have received anti-H. pyloritherapy during this period.

Prevalence of histological lesions by anatomic subsite

To assess the distribution of the lesions by anatomic subsite in individuals attending both
baseline and 16 years endoscopy visits, the most advanced histological lesion was
considered separately for antrum (one biopsy from /ncisura angularis and two from antrum)
and corpus (one biopsy). As presented in figure 2, at baseline, 100% of the individuals had
precancerous lesions (MAG, IM or dysplasia) in the antrum and 58% had precancerous
lesions in the corpus. At 16 years, 82% and 54% of individuals had precancerous lesions in
the antrum and in the corpus, respectively. The antral prevalence of NAG, MAG, IM and
dysplasia (including indefinite for dysplasia) at baseline was 0%, 27%, 64% and 9%,
respectively. Comparatively, the corresponding antral prevalence at 16 years was 18%, 10%,
56% and 16%, indicating mainly a reduction in MAG diagnosis accompanied by an increase
in NAG. The corpus prevalence of NAG, MAG, IM and dysplasia at baseline was 42%, 38%,
20% and 0%, respectively. As a comparison, the corresponding corpus prevalence at 16

Gut. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Page 7

years was 46%, 30%, 24% and 1%, showing also a decrease in individuals with MAG
diagnosis.

Progression of precancerous lesions using the histological diagnosis

Using the histological diagnosis categories (normal, NAG, MAG, IM, dysplasia and GC), we
performed analyses of the progression of precancerous lesions (versus no change/regression)
using logistic regression models. Progression was defined as the change to a more advanced
histological diagnosis between baseline and 16 years. The first model included the amount
of time that individuals were exposed to H. pylori. Among individuals who were always
positive for H. pylori, the probability of progression over a 16-year period was 0.59 (95% CI
0.48 to 0.71) for those with MAG at baseline and 0.69 (95% CI 0.60 to 0.77) for those with
IM at baseline. In contrast, the probability of progression among individuals who cleared the
infection at baseline and were always negative thereafter was 0.34 (95% CI 0.22 to 0.46) and
0.44 (95% CI 0.34 to 0.54) for those with MAG and with IM at baseline, respectively. These
differences in progression due to the presence of H. py/oriwere statistically significant
(p=0.001). In a second model, we assessed the progression of precancerous lesions by
baseline anti-H. pyloritreatment assignment (ie, intention-to-treat analysis), without
adjusting for H. pylori status, and we found no significant effect at 16 years (p=0.287).

Progression of precancerous lesions using the Correa score

Correa score and randomised treatment—A multivariable generalised linear model
of the difference in the Correa scores between baseline and 16 years found that individuals
in two of the four groups who received anti-H. py/ori therapy at baseline had a significantly
lower score when compared with placebo. The average difference in the score for those
randomised to antibiotics plus beta-carotene and ascorbic acid was —0.48 (95% CI -0.11 to
-0.58; p=0.011), while the average score difference for those randomised to antibiotics plus
beta-carotene was —0.42 (95% CI —0.25 to —0.48; p=0.032).

Correa score and baseline histological diagnosis—Baseline diagnosis also had a
statistically significant effect on the difference of score between baseline and 16 years
(p<0.001). Independent of covariates and randomised treatment, individuals who started
with MAG changed the most during 16 years of follow-up (=0.20 net regression of Correa
score; 95% CI -0.11 to —0.39) with less change for IM (=0.07 regression; 95% CI -0.19 to
0.03).

Correa score and H. pylori infection status—Introducing the H. pylori status at 6, 12
and 16 years of follow-up, separately or together, into the above-mentioned multivariable
model made the association of intervention with the score non-significant, indicating that the
effect of intervention was mainly explained by H. py/oriclearance. The association of
baseline diagnosis with the difference in the Correa score between baseline and 16 years
remained statistically significant, and the H. py/oristatus at 16 years made the other two (H.
pyloristatus at 12 and 6 years) not significant when evaluated together in the same model.
The effect of H. pyloristatus at 16 years on the difference in Correa score was statistically
significant, with individuals infected at 16 years having a net progression of 0.22 (95% CI
0.08 to 0.35), while those negative for infection showed a net regression of —0.25 (95% ClI
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-0.12 to —0.36); p<0.0001 for the comparison between infected and non-infected
individuals. Average differences in scores between baseline and 16 years by H. py/ori status
at 12 and 16 years are shown in figure 3. Individuals who were H. pylori-negative at 12 and
16 years had a net regression of —0.34 units (on the average score), while the individuals that
were H. pylori-positive at 12 and 16 years had a net progression of 0.26 units; p<0.01 for the
comparison between these two groups of individuals.

Adding cumulative time of H. pyloriexposure to a model with age, gender, town,
randomised treatment, 16-year H. py/oristatus and the interaction between cumulative time
of H. pyloriexposure and baseline diagnosis resulted in a significant effect for cumulative
time of H. pylori exposure, with an average estimated change of 0.20 score units/year (95%
Cl 0.12 to 0.28; p<0.0001). Therefore, our model estimated that continuous exposure to H.
pyloriduring 16 years might result in a change of 3.2 units (95% CI 1.8 to 4.5) for those
who started with less severe lesions.

In the same multivariate model, H. pylori status at 16 years was significantly associated with
progression of Correa scores, even after adjusting for cumulative time of H. pylori exposure
(0.34 units; 95% CI 0.08 to 0.60; p=0.011). Moreover, there was a significant interaction
between cumulative exposure to H. pyloriand baseline diagnosis, with the effect of H. pylori
infection being greater at the less severe baseline diagnoses and increasing with the passage
of time. The effect of cumulative H. py/lori exposure was greater for MAG and less marked
for IM and dysplasia. The net difference on the score was 0.78 units (p<0.001) for IM and
0.29 units (p=0.395) for dysplasia.

Figure 4 represents the average difference in Correa scores by baseline diagnosis and H.
pyloristatus at 16 years. As a specific theoretical example, a 65-year-old subject at baseline
who was randomised to placebo, never cleared the H. pyloriinfection, was offered treatment
at the end of the trial (6 years) but did not take it, was still positive at the 16-year biopsy and
started as a mild MAG (Correa score 3.5) then progressed 1.1 units (95% CI 0.74 to 1.47) to
IM (Correa score 4.6). In contrast, a theoretical 40-year-old subject, who was randomised to
antibiotic therapy, cleared the H. py/oriinfection, was negative at 3, 6, 12 and 16 years and
started as a mild MAG (Correa score 3.5) then regressed —0.83 units (95% CI —1.2 to —0.48)
to NAG. Regarding other baseline covariates, there were no significant differences by gender
and town.

GC incidence

Our trial is not powered to detect a significant difference in GC incidence among the
intervention groups. However, during the 16 years of follow-up, 10 individuals (seven males,
three females) developed GC; of these, five had been randomised to anti-H. py/ori therapy
and five had been randomised to placebo. Individuals who developed GC were significantly
older at baseline than the set of randomised individuals who did not develop GC (56 vs 51
years, p=0.04). All individuals who progressed to GC had IM (n=7) or dysplasia (n=3) as the
most advanced lesion at baseline, with an average baseline Correa score significantly higher
than that of the individuals who did not develop GC (5.0 vs 4.2, p=0.004). Six of the seven
individuals with IM at baseline had mixed (complete and incomplete) types, and one had
only complete type, although extensive. Among the three individuals with dysplasia at
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baseline, two had lesions classified as indefinite for dysplasia and one had low-grade
dysplasia. All dysplastic lesions were observed in a background of incomplete or mixed IM.
The H. pylori status at each endoscopic visit of the individuals who developed GC is
included in online supplementary table 2.

IM subtype at baseline and progression to GC

Rate of progression to GC during the 16 years among individuals with complete IM at
baseline was 0.6% (95% CI 0% to 1.7%), while the rate among those with incomplete IM at
baseline was 6.1% (95% CI 1.9% to 10.1%). The OR of GC was 11.3 (95% CI 1.4 to 91.4)
among those with incomplete IM when compared with those with complete IM. We also
found that the proportion of individuals with incomplete-type IM increased significantly
(p<0.001) with OLGIM stages: 27%, 73%, 96% and 83% for consecutive stages I to IV.

Progression to GC according to OLGA and OLGIM stages at baseline

A total of 396 sets of baseline biopsies were classified according to the OLGA system and a
total of 402 sets of baseline biopsies were classified using the OLGIM system, after
excluding 10 individuals with low-grade dysplasia at baseline. For all analyses, stages 0, |
and Il were considered low risk, and stages 111 and 1V were considered high risk in both
systems. There were no individuals with OLGA stage 0 at baseline, as all participants had at
least a histological diagnosis of MAG.

Individuals with high-risk OLGA stages at baseline were 19.9 times (95% CI 2.46 to 160.9;
p=0.005) more likely to progress to GC compared with those with low-risk stages. An
alternative analysis for linear trend from OLGA stages I to IV was also significant
(p=<0.0001), with an OR of 5.4 (95% CI 1.96 to 14.9) for a change of one stage to another. In
addition, the GC progression rate for low-risk OLGA stages was 0.4% (95% CI 0% to 1.1%)
and that for high-risk OLGA stages was 6.7% (95% CI1 2.2% to 11.2%).

Using the OLGIM system, individuals with high-risk stages were 38.2 times (95% CI 7.62
to 191.3; p<0.0001) more likely to progress to GC as compared with those with low-risk
stages. An alternative analysis for linear trend from OLGIM stages 0 to IV was also
significant (OR, 4.0; 95% Cl 2.2 to 7.4; p<0.0001). Progression rates to GC were 0.55%
(95% CI 0% to 1.3%) for low-risk stages and 17.5% (95% CI 5.7% to 29.2%) for high-risk
stages.

Discussion

The long-term follow-up of our Colombian trial has allowed us to evaluate the effect of the
dynamics of H. pyloriinfection on progression of gastric lesions. Individuals who were
continuously infected with H. pylorifor 16 years had a significantly greater probability of
progression to a more advanced diagnostic category along the precancerous cascade than
those who cleared the infection and remained negative after baseline. Consistent with our
analysis at 12 years of follow-up,1® and using the Correa score, our current study shows that
continuous exposure to H. pyloriinfection for 16 years led to a significant progression of
precancerous lesions. We found a significant interaction between cumulative time of
exposure to H. pylori and baseline diagnosis, with the effect of total time of exposure on the
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progression of the Correa score being greater for the group of individuals with MAG, less
marked for those with IM and not significant for those with dysplasia (including the
category indefinite for dysplasia). Aside from total time with infection, H. pylori status at
the 16-year time point had an independent effect. The Correa score in individuals who were
H. pylori-negative at 16 years was significantly reduced, while the score in those who were
H. pylori-positive at 16 years was increased.

Exposure to H. pyloriinfection has not been stable in our cohort, as the reinfection/
recrudescence rate has hovered around five new infections per 100 person-years of exposure.
The rate of H. pylori clearance in individuals who did not receive anti-H. py/oritherapy
increased from 2 per 100 person-years during the 6 years after the initiation of the trial to 4
per 100 person-years during years 6—12 of follow-up. The overall H. pylori clearance rate
during years 12-16 was almost double that of the rate in the preceding 6-year period, but
this rate includes all individuals, whether treated or not after the 12-year visit. Although 25%
of the cohort was lost to follow-up during years 1216, those returning for follow-up were a
representative subset of the initial randomised group, as there were no significant differences
in demographic variables or in the distribution of baseline diagnoses.

H. pyloriis the single most important risk factor for non-cardia GC, and current international
clinical guidelines support H. pylori eradication in individuals at high risk for GC.26-28
However, there is controversy about the efficacy of anti-H. py/ori therapy for the prevention
of progression along the carcinogenesis cascade in the presence of advanced precancerous
lesions. Data from animal models suggest that antibiotics are highly effective at preventing
progression to GC when administered during early stages of the H. py/oriinfection, but still
they remain effective in presence of dysplastic lesions.2930 Results from the 15-year follow-
up of the Shandong Trial'! showing the benefit of H. py/oritreatment in reduction of GC
incidence in individuals with advanced precancerous lesions suggest that (1) even a short-
term interruption of the H. pyloriinfection can slow the progression to cancer and that (2)
anti-H. pyloritreatment may modify progression of precancerous lesions through
mechanisms unrelated to AH. pylori, perhaps by eliminating other members of the stomach
microbiome that may be critical during later stages of progression to cancer.1131 These
observations that H. py/orieradication may be beneficial in advanced precancerous lesions
contrast with our current findings and those by Lee e a2 that suggest improvement occurs
in individuals with early precancerous lesions.

Regarding the distribution of histological lesions by anatomic subsite, a greater prevalence
of precancerous lesions was observed in the antral compartment (antrum and /ncisura
angularis biopsies) than in the corpus. This finding is consistent with previous studies by our
group and others.3334 During the 16-year period, the overall prevalence of MAG in the
antrum showed a decrease accompanied by an increase in NAG. However, the prevalence of
the more advanced lesions (IM and dysplasia) did not decrease, considering that all
dysplastic lesions, from any gastric location, were observed in a background of IM. Lesions
in the corpus displayed similar trends.

It should be emphasised that our trial is not powered to detect differences in GC risk among
intervention groups. During the 16-year follow-up, ten individuals developed GC. All of
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them had IM or dysplasia as the most advanced lesion at baseline, with an average baseline
Correa score significantly higher than that of the individuals who did not develop GC.
Staging systems (OLGA and OLGIM) have been proposed for the stratification of the
gastritis-associated GC risk.2425 Multiple studies have established an association between
advanced (111 and IVV) OLGA or OLGIM stages with an increased GC risk.243536 |n our
cohort, high-risk (111 and 1V) stages of both systems at baseline were significantly associated
with risk of progression to GC.

IM is the most frequently identified gastric precancerous lesion, but the majority of
individuals with IM do not develop GC. IM has long been recognised as a heterogeneous
lesion, 171837 and multiple studies support IM subtyping in the assessment of GC risk.3839
Consistent with previous evidence, in our study, the risk of progression to GC was
significantly higher for individuals with incomplete-type IM than in those with only
complete-type IM at baseline. In addition, similar to the result of another study,*® we found
a significant association between the prevalence of incomplete-type IM and increasing
OLGA stages.

The strengths of the current study include its long period of observation and the blinded
assessment of histopathology by a consistent group of experienced pathologists. A limitation
is that, given that gastric precancerous lesions have a multifocal presentation, we cannot
exclude the possibility of diagnosis misclassification due to sampling. Although the H.
pylori status was determined by combining results from all biopsies (antrum, incisura
angularis and corpus), low bacterial density and/or its uneven distribution may have led to
false-negative results, especially in individuals with extensive IM. Therefore, our finding of
significant progression of precancerous lesions in the presence of H. pyloriinfection might
be an underestimation. Other limitations include lack of information about environmental
factors throughout the course of the study, difficulty in establishing the precise timing of
reinfection/recrudescence, the possibility of unreported use of anti-H. pylori therapy
prescribed out of the trial and the lack of records of anti-H. pyloritherapy after the 12-year
follow-up. Although we did not observe any differences in the demographic features and
other available variables between individuals at baseline and 16 years, we cannot rule out
that individuals at the 16-year visit may have been more motivated to attend the follow-up,
potentially introducing a selection bias. Finally, because the study has been conducted in a
region with high incidence of GC in the Andes Mountains, its conclusions may not apply to
populations in other regions with different geographical conditions, H. py/oristrains,
microbiome profiles and/or host susceptibility to the disease.

In conclusion, long-term exposure to H. py/loriwas associated with progression of
precancerous lesions, with the greatest detrimental effect in individuals with the least
advanced baseline lesions. These findings suggest that infected individuals may benefit from
successful H. pylorieradication, as an adjunct to endoscopic surveillance. In addition, our
study supports the presence of incomplete-type 1M as a useful marker for the identification
of individuals at higher GC risk. Finally, there is a need for a consistent and standardised
pathology reporting system of precancerous lesions, including anatomical location and
extension as well as subtyping of IM. This information is critical for the improvement of
clinical guidelines for the surveillance of individuals at high risk for GC.

Gut. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mera et al. Page 12

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors thank all the participants in this study and the members of our research team in Colombia. We dedicate
this report to the memory of Dr Guillermo Zarama, primary study endoscopist, who was a devoted professional and
a community health worker. We are deeply appreciative of his invaluable contribution.

Funding This work was supported by US National Institutes of Health grants P0O1CA028842 (KTW, PC and DRM),
R01DK053620 and R0O1AT004821 (KTW), RO1CA190612 (KTW and DRM), P01CA116087 (RMP and KTW),
RO1CA077955 and RO1DK058587 (RMP), UL1RR024975 (Vanderbilt CTSA, Pilot Project to KTW) and 5P30
DK058404 (Vanderbilt Digestive Disease Research Center; RMP and KTW); Merit Review Grant 101BX001453
from the Office of Medical Research, Department of Veterans Affairs (KTW); and the Pasto Cancer Registry of the
Centro de Estudios en Salud, Universidad de Narifio, Colombia. MCC is supported by funds from the intramural
research program of the US National Institutes of Health, National Cancer Institute.

References

1. IARC working group on the evaluation of carcinogenic risks to humans. Schistosomes, liver flukes
and Helicobacter pylori. IARC Monogr Eval Carcinog Risks Hum. 1994; 61:177-240. [PubMed:
7715070]

2. Correa P. Human gastric carcinogenesis: a multistep and multifactorial process—first American
Cancer Society award lecture on cancer epidemiology and prevention. Cancer Res. 1992; 52:6735—
40. [PubMed: 1458460]

3. Correa P, Haenszel W, Cuello C, et al. A model for gastric cancer epidemiology. Lancet. 1975; 2:58—
60. [PubMed: 49653]

4. Correa P, Haenszel W, Cuello C, et al. Gastric precancerous process in a high risk population: cohort
follow-up. Cancer Res. 1990; 50:4737-40. [PubMed: 2369748]

5. de Vries AC, van Grieken NC, Looman CW, et al. Gastric cancer risk in patients with premalignant
gastric lesions: a nationwide cohort study in the Netherlands. Gastroenterology. 2008; 134:945-52.
[PubMed: 18395075]

6. Song H, Ekheden 1G, Zheng Z, et al. Incidence of gastric cancer among patients with gastric
precancerous lesions: observational cohort study in a low risk Western population. BMJ. 2015;
351:h3867. [PubMed: 26215280]

7. Tan VP, Wong BC. Gastric cancer chemoprevention: the current evidence. Gastroenterol Clin North
Am. 2013; 42:299-316. [PubMed: 23639642]

8. Leung WK, Lin SR, Ching JY, et al. Factors predicting progression of gastric intestinal metaplasia:
results of a randomised trial on Helicobacter pylori eradication. Gut. 2004; 53:1244-9. [PubMed:
15306578]

9. You WC, Brown LM, Zhang L, et al. Randomized double-blind factorial trial of three treatments to
reduce the prevalence of precancerous gastric lesions. J Natl Cancer Inst. 2006; 98:974-83.
[PubMed: 16849680]

10. Ma JL, Zhang L, Brown LM, et al. Fifteen-year effects of Helicobacter pylori, garlic, and vitamin
treatments on gastric cancer incidence and mortality. J Natl Cancer Inst. 2012; 104:488-92.
[PubMed: 22271764]

11. Li WQ, Ma JL, Zhang L, et al. Effects of Helicobacter pylori treatment on gastric cancer incidence
and mortality in subgroups. J Natl Cancer Inst. 2014; 106:djul16. [PubMed: 24925350]

12. Wong BC, Lam SK, Wong WM, et al. Helicobacter pylori eradication to prevent gastric cancer in a
high-risk region of China: a randomized controlled trial. JAMA. 2004; 291:187-94. [PubMed:
14722144]

13. Lee YC, Chiang TH, Chou CK, et al. Association between Helicobacter pylori eradication and
gastric cancer incidence: a systematic review and meta-analysis. Gastroenterology. 2016;
150:1113-24. [PubMed: 26836587]

Gut. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mera et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 13

Correa P, Fontham ET, Bravo JC, et al. Chemoprevention of gastric dysplasia: randomized trial of
antioxidant supplements and anti- Helicobacter pylori therapy. J Natl Cancer Inst. 2000; 92:1881—
8. [PubMed: 11106679]

Mera R, Fontham ET, Bravo LE, et al. Long term follow up of patients treated for Helicobacter
pyloriinfection. Gut. 2005; 54:1536—40. [PubMed: 15985559]

Garvey W, Fathi A, Bigelow F. Modified Steiner for the demonstration of spirochetes. J
Histotechnol. 1985; 8:15-7.

Jass JR, Filipe MI. The mucin profiles of normal gastric mucosa, intestinal metaplasia and its
variants and gastric carcinoma. Histochem J. 1981; 13:931-9. [PubMed: 7338482]

Matsukura N, Suzuki K, Kawachi T, et al. Distribution of marker enzymes and mucin in intestinal
metaplasia in human stomach and relation to complete and incomplete types of intestinal
metaplasia to minute gastric carcinomas. J Natl Cancer Inst. 1980; 65:231-40. [PubMed: 6931245]

Correa P, Piazuelo MB, Wilson KT. Pathology of gastric intestinal metaplasia: clinical
implications. Am J Gastroenterol. 2010; 105:493-8. [PubMed: 20203636]

Lauwers, GY., Franceschi, S., Carneiro, F., et al. Gastric carcinoma. In: Bosman, FT.Carneiro, F.,
Hruban, RH., editors. WHO classification of tumours of the digestive system. 4. Lyon:
International Agency for Research on Cancer (IARC); 2010. p. 48-58.

Dixon, MF.,, Genta, RM., Yardley, JH., et al. Classification and grading of gastritis. the updated
Sydney system. Am J Surg Pathol; International Workshop on the Histopathology of Gastritis;
Houston. 1994; 1996. p. 1161-81.

Rugge M, Correa P, Dixon MF, et al. Gastric dysplasia: the Padova international classification. Am
J Surg Pathol. 2000; 24:167-76. [PubMed: 10680883]

Kodaman N, Pazos A, Schneider BG, et al. Human and Helicobacter pylori coevolution shapes the
risk of gastric disease. Proc Natl Acad Sci U S A. 2014; 111:1455-60. [PubMed: 24474772]
Capelle LG, de Vries AC, Haringsma J, et al. The staging of gastritis with the OLGA system by
using intestinal metaplasia as an accurate alternative for atrophic gastritis. Gastrointest Endosc.
2010; 71:1150-8. [PubMed: 20381801]

Rugge M, Correa P, Di Mario F, et al. OLGA staging for gastritis: a tutorial. Dig Liver Dis. 2008;
40:650-8. [PubMed: 18424244]

Chey WD, Wong BC. Practice Parameters Committee of the American College of
Gastroenterology. American College of Gastroenterology guideline on the management of
Helicobacter pylori infection. Am J Gastroenterol. 2007; 102:1808-25. [PubMed: 17608775]

Malfertheiner P, Megraud F, O’Morain CA, et al. Management of Helicobacter pyloriinfection—
the Maastricht VV/Florence Consensus Report. Gut. 2017; 66:6-30. [PubMed: 27707777]

Sugano K, Tack J, Kuipers EJ, et al. Kyoto global consensus report on Helicobacter pylori gastritis.
Gut. 2015; 64:1353-67. [PubMed: 26187502]

Cai X, Carlson J, Stoicov C, et al. Helicobacter felis eradication restores normal architecture and
inhibits gastric cancer progression in C57BL/6 mice. Gastroenterology. 2005; 128:1937-52.
[PubMed: 15940628]

Lee CW, Rickman B, Rogers AB, et al. Helicobacter pylori eradication prevents progression of
gastric cancer in hypergastrinemic INS-GAS mice. Cancer Res. 2008; 68:3540-8. [PubMed:
18441088]

Freedberg DE, Abrams JA, Wang TC. Prevention of gastric cancer with antibiotics: can it be done
without eradicating Helicobacter pylor? J Natl Cancer Inst. 2014; 106:dju148. [PubMed:
24925352]

Lee YC, Chen TH, Chiu HM, et al. The benefit of mass eradication of Helicobacter pylori
infection: a community-based study of gastric cancer prevention. Gut. 2013; 62:676-82. [PubMed:
22698649]

Correa P, Cuello C, Duque E. Carcinoma and intestinal metaplasia of the stomach in colombian
migrants. J Natl Cancer Inst. 1970; 44:297-306. [PubMed: 11515071]

den Hoed CM, van Eijck BC, Capelle LG, et al. The prevalence of premalignant gastric lesions in
asymptomatic patients: predicting the future incidence of gastric cancer. Eur J Cancer. 2011;
47:1211-8. [PubMed: 21239166]

Gut. Author manuscript; available in PMC 2019 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Mera et al.

35.

36.

37.

38.

39.

40.

Page 14

Rugge M, de Boni M, Pennelli G, et al. Gastritis OLGA-staging and gastric cancer risk: a twelve-
year clinico-pathological follow-up study. Aliment Pharmacol Ther. 2010; 31:1104-11. [PubMed:
20180784]

Rugge M, Meggio A, Pennelli G, et al. Gastritis staging in clinical practice: the OLGA staging
system. Gut. 2007; 56:631-6. [PubMed: 17142647]

Filipe MI, Mufioz N, Matko I, et al. Intestinal metaplasia types and the risk of gastric cancer: a
cohort study in Slovenia. Int J Cancer. 1994; 57:324-9. [PubMed: 8168991]

Gonzalez CA, Sanz-Anquela JM, Companioni O, et al. Incomplete type of intestinal metaplasia has
the highest risk to progress to gastric cancer: results of the Spanish follow-up multicenter study. J
Gastroenterol Hepatol. 2016; 31:953-8. [PubMed: 26630310]

Gonzélez CA, Sanz-Anquela JM, Gisbert JP, et al. Utility of subtyping intestinal metaplasia as
marker of gastric cancer risk. A review of the evidence. Int J Cancer. 2013; 133:1023-32.
[PubMed: 23280711]

Rugge M, Fassan M, Pizzi M, et al. Operative link for gastritis assessment gastritis staging
incorporates intestinal metaplasia subtyping. Hum Pathol. 2011; 42:1539-44. [PubMed:
21481917]

Gut. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mera et al.

Page 15

Significance of this study

What is already known about this subject?

The multi-step nature of gastric carcinogenesis represents an opportunity for
early detection and intervention to prevent progression of premalignant
lesions.

Most randomised trials evaluating the effect of anti- Helicobacter pylori
therapy on the progression of precancerous lesions have been limited by short
follow-up periods.

Among individuals with intestinal metaplasia (IM), the risk of progression to
gastric cancer may vary by IM type.

What are the new findings?

Sixteen years of cumulative exposure to H. pyloriled to significant
progression of precancerous lesions.

Benefits of H. pylorieradication were greater in individuals with atrophic
gastritis (without IM) than in those with IM at baseline.

In a high gastric cancer risk Latin American population, individuals with
incomplete-type IM at baseline had a higher risk of progression to gastric
cancer as compared with those with only the complete type.

How might it impact on clinical practice in the foreseeable future?

The detrimental effect of long-term continuous H. py/ori exposure provides
additional evidence that effective anti-H. py/fori therapy should be
administered, as an adjunct to endoscopic surveillance, in individuals with
IM.

Individuals with incomplete-type IM should be considered at higher risk for
gastric cancer than those with only the complete type, and they may require
more frequent endoscopic surveillance and more extensive gastric mapping.
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| 1219 screened subjects by endoscopy in 1991-1992 |

| 795 subjects randomized to interventions or placebo |

6-yeartrial ended in 1998
630 subjects completed the trial

164 did not complete
6-yeartrial

320 received anti-H. pylorn 310 did not receive anti-H. pylon
treatmentin 1991-1992 (at treatment during trial (placebo group)
baseline), as allocated (85% were H. pylori (+) in 1998)
(25% were H. pylori (+) in 1998) I

198 received anti-H. pylori
treatment after the end of the trial

| 612 attended 12-yearendoscopy in 2003-2004

P

#*@

456 attended 16-yearendoscopy in 2007-2008 |

Figure 1.

Flow chart of study participants. H. pylori, Helicobacter pylori.
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mDys/GC*
mIM
OMAG
ONAG

Prevalence of the most advanced histological lesion by anatomic subsite at baseline and 16
years of follow-up. “Only one GC (located in the antrum) was diagnosed at the 16-year
follow-up. Test for trend in ordered diagnostic categories comparing baseline versus 16
years: antrum, p<0.001; corpus, p<0.001. Dys, dysplasia; GC, gastric cancer; IM, intestinal
metaplasia; MAG, multifocal atrophic gastritis without intestinal metaplasia; NAG, non-

atrophic gastritis.
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Average differences in histopathology scores between baseline and 16 years of follow-up by
H. pylori status at 12 and 16 years. Bars indicate 95% Cls. H. pylori, Helicobacter pylori.
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Figure 4.
Average differences in histopathology scores between baseline and 16 years of follow-up by

histological diagnosis at baseline and H. py/oristatus at 16 years (76% of dysplasias at
baseline were in the category indefinite for dysplasia, 23% were low grade and 1% were
high grade). Bars indicate 95% Cls. H. pylori, Helicobacter pylori; IM, intestinal metaplasia;
MAG, multifocal atrophic gastritis without intestinal metaplasia.
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Table 1

Correa Histopathology Scoring System values according to the histological diagnosis categories

Histological diagnosis  Correa Histopathology Scores (range)

1. Normal 1
2. NAG 2
3. MAG 3.25-4.00"
4.IM 4.30-5.00
5. Dysplasia 5.25-5.75 "
6. Gastric Cancer 6

*
Assignment of values within these ranges is described in Methods and in online supplementary table 1.

1M, intestinal metaplasia; MAG, multifocal atrophic gastritis without intestinal metaplasia; NAG, non-atrophic gastritis.
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Table 2

Characteristics of the participants at baseline and during follow-up

Page 21

Characteristics Baseline n=795 6 yearsn=630 12yearsn=612 16 years n=456
Age in years, mean£SD 51+9 57+8 62+8 67+8

Males, n (%) 362 (46) 284 (45) 274 (45) 205 (45)

H. pylori positive, n (%) 773 (97) 345 (55) 322 (53) 201 (44)

Anti-H. py/oritherapyt n (%) 394 (50) 198 (31) n/a n/a

*
p Value was not significant for age and gender comparisons between baseline and 16 years.

7L50% of all individuals were randomised to receive eradication therapy at baseline and the other 50% were offered it at the end of the 6-year trial.

H. pylori, Helicobacter pylori.
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Table 3

Incidence rates and 95% Cls of H. pylorireinfection/recrudescence and clearance

Incidence rates Baseline to 6 years 6 to 12 years 12 to 16 years

Reinfection/recrudescence 5 4 per 100 PY *(3.7107.8) 5.8 per 100 PY 7 (4.5t07.4) 4.0 per 100 PY# (2.8 t0 5.6)

Clearance 2.0 per 100 PY$ (1.5t02.8) 4.2 per 100 PYT(2.5106.9) 7.4 per 100 PY (5.8 t0 9.4)

*
’f”fRate among those negative at 3, 6 and 12 years, respectively.

§Rate among those positive at baseline and not treated for H. py/ori at baseline.
% Rate among those positive at 6 years and not treated for H. pyloriat 6 years.
Rate among those positive at 12 years. Treatment after the 12 year endoscopy was not part of the protocol study and therefore not recorded. This

rate includes individuals that may have received treatment between the 12-year and 16-year visits.

H. pylori, Helicobacter pylori; PY, person-years.
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