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INTRODUCTION 
 

Gastric cancer is the 5th most common cancer and the 4th leading cause of cancer-related deaths 

worldwide.1 Chronic atrophic gastritis (CAG) is part of a sequential histopathological cascade that 

precedes the development of gastric adenocarcinoma (GA).2 Chronic Helicobacter pylori (H. 

pylori) infection is the primary trigger of this cascade and leads to chronic inflammatory changes 

in the gastric mucosa which can lead to CAG, intestinal metaplasia (IM), dysplasia and eventually 

GA.3,4 

 

Multiple strategies have been suggested for GA prevention.5-8 Primary prevention is based on the 

recognition and treatment of H. pylori as the main risk factor for GA.9-12 Secondary prevention 

relies on endoscopic surveillance of high-risk patients for the detection of early-stage GA with 

potentially curative resection. CAG and IM can be accurately identified and graded through gastric 

mapping biopsies obtained according to the updated Sydney System biopsy protocol (USSBP).13 

Staging of preneoplastic conditions with Operative Link on Gastritis Assessment (OLGA) or 

Operative Link on Gastric Intestinal Metaplasia Assessment (OLGIM) scales14 has demonstrated 

to accurately predict the risk of progression to GA in some populations;15-18 however, the value of 

these systems for risk stratification has not been comprehensively evaluated in a high-risk Latin 

American population.  

 

In Chile, gastric cancer is the leading cause of cancer-related deaths in men and the 3rd in females, 

with mortality rates of 25 and 12.2 per 100,000 inhabitants, respectively. Risk stratification of 

patients with CAG/IM would help with prioritization of EGDs for those with CAG/IM at highest 

risk of progression and minimizing endoscopic burden. However, there are limited data in Latin 

America regarding risk factors associated with progression of gastric preneoplasia, and 

specifically, the performance of OLG/OLGIM staging for risk stratification.24  

 

Accordingly, our objective was to evaluate the risk factors associated with incident high grade 

dysplasia (HGD)/GA in patients with CAG with or without IM who are enrolled in endoscopic 

surveillance, as well as to compare HGD/GA incidence according to the OLGA and OLGIM 



scales. As an exploratory analysis, we also evaluated the stage of GA among those enrolled in 

endoscopic surveillance, given that most GA in Chile are diagnosed in the advanced stage. 

 

METHODS 

 

Study design and settings 

 

The Endoscopic Cohort and Histological OLGA staging (ECHOS) study is a retrospective 

longitudinal cohort developed in the Pontificia Universidad Católica de Chile health care system, 

an open health care system with 3 endoscopic units in Santiago, Chile. Patients 18 years or older 

were eligible for the study if they had at least one non-urgent outpatient EGD with gastric biopsies 

collected following the USSBP between June 2015 and June 2021. The baseline EGD was defined 

as the earliest examination conducted between this time frame that met inclusion criteria. 

Participants were included in the cohort if they underwent a subsequent "surveillance" EGD. In 

order for the subsequent EGD to qualify as surveillance, it needed to occur at least 6 months after 

the baseline EGD and include gastric biopsies collected according to the USSBP; one exception 

to the USSBP requirement was if HGD or GA was detected on the surveillance (i.e. non-baseline) 

EGD. Patients with prior history of HGD or any type of gastric malignancy, gastrectomy or non-

gastric active malignancy were excluded. Also, patients with HGD or GA on the baseline EGD 

were excluded. Patients with indefinite (IND) or low-grade dysplasia (LGD) on the baseline EGD 

were considered for the cohort (see below).  

 

Demographic variables, medical comorbidities, and first-degree family history of gastric cancer 

were recorded from clinical records. The baseline and follow-up endoscopic findings were 

abstracted from the procedure reports, including the presence of any overt lesions or abnormalities. 

The baseline and follow-up histological findings, including H. pylori status (as defined by 

histologic findings), CAG and IM anatomical extent, IM histologic type, and OLGA/OLGIM stage 

(detailed below) were recorded. Although EGD surveillance schedules were determined by the 

endoscopist, these generally followed the published Chilean guideline recommendations for CAG 

and IM endoscopic surveillance—namely, surveillance annually for OLGA III/IV, IND, or LGD, 

every 3 years for OLGA I/II and every 5 years if OLGA 0 with persistent H. pylori infection.21  



Endoscopic follow-up of all individuals with their baseline EGD between June 2015-2021 was 

captured through the end of the study period, March 6, 2023. The composite primary outcome was 

defined as incident HGD or GA, as confirmed based on histology. Secondary outcomes were 

incident GA alone, incident LGD, global histopathological progression (defined as a progression 

from one global stage in the precancerous cascade to another, e.g. from chronic superficial gastritis 

(CSG) to CAG or from CAG without IM to IM), progression or regression of OLGA and OLGIM 

stages (defined as an increase or decrease of at least one point in the scales, e.g. OLGA II to III). 

We also captured the stage of GA. A flow chart of the study is illustrated in Supplementary 

Figure 1.  

 

Procedures were performed according to ethical standards established in the Helsinki Declaration. 

The study protocol was approved by the Ethics Committee of Hospital Clínico Universidad 

Católica de Chile (ID 16-341). All patients signed written informed consent for the EGD prior to 

the procedure. 

 

EGD and gastric biopsies sampling method 

 

All baseline and surveillance EGDs were performed by experienced endoscopists using the same 

equipment across the 3 endoscopic units (Olympus (GIF-H190/GIF-H170 or Fujinon EC-600ZW). 

Gastric biopsies were obtained following the USSBP as described in supplementary methods and 

additional gastric biopsies were collected and stored in a different jar if there were any additional 

concerning findings during the EGD.  

 

Histological classification of gastric biopsies 

 

Gastric samples were evaluated at one centralized pathology laboratory by two independent 

experienced pathologists (JT and JCR). Biopsies were hematoxylin and eosin (H&E) and Giemsa 

stained. Evaluation of CAG was performed according to the OLGA scale (stages 0 to IV).13 IM 

was classified for clinical purposes by the anatomical extent (antrum-restricted vs. corpus-

extended) and the histological subtype (complete type vs. incomplete type) based on H&E. All 

slides were retrospectively reviewed by the pathologists (JT and JCR) to confirm the baseline 



presence or absence of CAG/IM and to provide a corresponding OLGIM stage.25 Agreement 

between the pathologists for OLGA groups, OLGIM groups and IM were Kappa 0.73, 0.78 and 

0.86, respectively. In all discrepant cases, an agreement was reached between the pathologists with 

no need for a third pathologist as an arbiter. Gastric dysplasia was categorized as IND, LGD or 

HGD according to the Vienna classification.26 The most advanced discrete histology observed in 

the set of biopsies was used as the global diagnosis for analysis purposes. Antrum-restricted IM 

was defined as IM located only in the antrum or incisura angularis without evidence of corpus 

involvement, while corpus-extended IM was defined as IM located in the corpus irrespective of 

the findings in the antrum or incisura angularis.  

 

Active H. pylori infection was determined based on Giemsa staining in any of the gastric samples. 

Presence of H. pylori at both baseline and surveillance EGD was considered as persistent H. pylori 

infection; whereas positive H. pylori at baseline and negative at follow-up was considered H. 

pylori eradication, as long as treatment occurred in between. Autoimmune gastritis (AIG) 

histologic features were also assessed and recorded (further described in supplementary 

methods).27  

 

Statistical Analysis Plan 

 

Patients were categorized based on OLGA and OLGIM stage as low-risk (OLGA/OLGIM 0-I), 

intermediate-risk (OLGA/OLGIM II) and high-risk (OLGA/OLGIM III-IV).15-18 Demographic 

and clinical characteristics were compared between the OLGA/OLGIM groups. Categorical 

variables were expressed as percentages (%) and continuous variables were expressed as mean and 

95% confidence interval (95%CI) or median and interquartile range (IQR) as appropriate. The Chi-

square test was used to compare categorical variables and differences in continuous variables were 

evaluated with t-test or Mann-Whitney U test, as appropriate. 

 

For the primary analysis, we analyzed the rate of progression to HGD/GA in each of the defined 

OLGA/OLGIM groups, expressed as incidence rate per 100 person-year with 95%CI. Also, given 

that OLGA/OLGIM II is potentially an intermediate-risk category,15-18 we conducted a subgroup 

analysis evaluating factors associated with progression of OLGA II vs. OLGA 0/I. For the models 



evaluating cumulative HGD/GA risk, follow-up time started at the baseline EGD and continued 

until the earliest of the following: last available surveillance EGD, occurrence of HGD/GA or 

death. Cumulative risk of the composite primary outcome was estimated from Kaplan-Meier 

functions. 

 

Univariate and multivariable Cox proportional hazards models were used to assess factors 

associated with HGD/GA, expressed as hazard ratio (HR) and 95%CI. Given the expected low 

number of primary outcome events (HGD/GA), Poisson regression models were used as a 

sensitivity analysis to estimate the adjusted incidence rate ratio (aIRR) by OLGA and OLGIM 

staging. Separate models for OLGA and OLGIM staging were performed, given the high 

correlation and collinearity of this variables. Models were adjusted for age, sex, active H. pylori 

infection, and the number of surveillances EGDs during the study period.  

 

Secondary analyses included 1) differences in progression to HGD/GA based on anatomic extent 

and IM subtype, according to the following subgroups: antral-restricted complete-type IM, antral-

restricted incomplete-type IM, corpus-extended complete-type IM and corpus-extended 

incomplete-type IM, using the log-rank test for equality survival function. Patients with 

unavailable IM histological subtype were excluded from these analyses (i.e. “IM unavailable, 

10.9%”); 2) change in a global histological category with respect to either histopathological 

progression or regression; 3) changes in OLGA and OLGIM stages during the follow-up. 

Multivariable logistic regression analyses, adjusted for age, sex and H. pylori infection, were used 

to evaluate factors associated with histopathological or OLGA/OLGIM progression and regression 

(binary outcome), and expressed as adjusted odds ratios (aOR) and 95%CI. We also evaluated the 

stage of GA among patients enrolled in endoscopic surveillance. 

 

As an exploratory analysis, we characterized the demographic and histopathological characteristics 

of those patients who had baseline EGD with USSBP but who did not undergo subsequent 

surveillance EGD (and thus did not meet inclusion criteria for the primary analytic cohort). 

 



An a priori two-sided p-value threshold of 0.05 was established for statistically significant results. 

All statistical analyses were conducted using STATA v14.2 (Statacorp, College Station, TX, 

USA). 
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