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Background. Intestinal-type gastric cancer (GC) still ranks among the high-incidence, highly lethal malignancies. Atrophic gastritis is the cancerization field in which GC develops.

The current histological reporting formats for gastritis do not include any (atrophy-based) ranking of GC risk. Aim. This clinico-pathological long-term follow-up study tested the

gastritis OLGA-staging in prognosticating neoplastic progression. Methods. Ninety-three Italian patients were followed up for more than 12 years (range=144-204 months). Clinical examinations, pepsinogen serology, endoscopy and histology (also assessing H. pylori status)

were done both at enrolment (T1) and at the end of the follow-up (T2). Results. All invasive or intra-epithelial gastric neoplasia were consistently associated with high-risk (III/IV) OLGA stages. There was a significant inverse correlation between the mean pepsinogen ratio and the OLGA stage (test for trend; p<0.001). OLGA staging at T1 predicted both the OLGA stage (Kaplan Maier log rank test, p=0.001) and the neoplasia at T2 (Kaplan Maier log rank test, p=0.001). Conclusions. This long-term follow-up study provides the first evidence that gastritis OLGA-staging conveys relevant information on the clinico-pathological outcome of gastritis and, therefore, for patient management. According to OLGA-staging and H. pyloristatus, gastritis patients could be confidently stratified and managed according to their different cancer risk. 

INTRODUCTION

Gastritis is an inflammatory condition of the gastric mucosa with different etiologies, phenotypic expressions, and natural histories. [START_REF] Correa | The epidemiology and pathogenesis of chronic gastritis: three etiologic entites[END_REF][START_REF] Graham | Helicobacter pylori infection in the pathogenesis of duodenal ulcer and gastric cancer: a model[END_REF] Worldwide, Helicobacter pylori (H. pylori) is by far the most common etiological agent of non-self-limiting gastritis. Longstanding inflammation of the gastric mucosa is thought to trigger a cascade of genotypic and phenotypic derangements that may eventually result in intestinal-type (or epidemic) gastric cancer (GC). [START_REF]Schistosomes, liver flukes and Helicobacter pylori. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Lyon, 7-14[END_REF][START_REF] Uemura | Helicobacter pylori infection and the development of gastric cancer[END_REF] Gastric mucosa atrophy is the soil in which gastric cancer most frequently develops and different patterns of atrophic-metaplastic gastritis are associated with different GC risks. [START_REF] Uemura | Helicobacter pylori infection and the development of gastric cancer[END_REF][START_REF] Comfort | Gastric acidity before and after development of gastric cancer: its etiologic, diagnostic and prognostic significance[END_REF][START_REF] Filipe | Intestinal metaplasia types and the risk of gastric cancer: a cohort study in Slovenia[END_REF][START_REF] Rugge | Gastric mucosal atrophy: interobserver consistency using new criteria for classification and grading[END_REF][START_REF] Rugge | Secondary prevention of gastric cancer[END_REF][START_REF] Sung | Systematic review: the global incidence and prevalence of peptic ulcer disease[END_REF] A new system for gastritis histology reporting (the OLGA staging system) was recently established. Basically, exploiting experience gained by applying the Sydney System and other similar proposals, [START_REF] Dixon | Classification and grading of gastritis. The updated Sydney System. International Workshop on the Histopathology of Gastritis, Houston[END_REF][START_REF] Kuipers | Review article: Relationship between Helicobacter pylori, atrophic gastritis and gastric cancer[END_REF][START_REF] El-Zimaity | Gastritis and gastric atrophy[END_REF] OLGA-staging applies a vocabulary borrowed from oncology to rank the severity of the cancer risk due to atrophic gastritis. By simply combining atrophy scores relating to the antral mucosa with those obtained for the corpus mucosa (Figure 1), the stage should predict the gastritis-associated GC risk. [START_REF] Rugge | Staging gastritis: an international proposal[END_REF][START_REF] Rugge | OLGA staging for gastritis: a tutorial[END_REF] Trials conducted in various epidemiological settings consistently associated GC with OLGA stages III/IV. [START_REF] Granstrom | Diagnosis of Helicobacter pylori[END_REF][START_REF] Rugge | Gastritis staging in clinical practice: the OLGA staging system[END_REF][START_REF] Satoh | Assessment of atrophic gastritis using the OLGA system[END_REF] Pepsinogens are proteolytic enzymes produced by gastrointestinal epithelia: pepsinogen I (PgI) is virtually found only in the gastric corpus, whereas pepsinogen II (PgII) is produced by both antral and oxyntic epithelia. Gastric mucosal atrophy results in a (progressive) decline in both serum PgI and the PgI/PgII ratio. [START_REF] Broutet | Pepsinogen A, pepsinogen C, and gastrin as markers of atrophic chronic gastritis in European dyspeptics[END_REF][START_REF] Dinis-Ribeiro | Metaanalysis on the validity of pepsinogen test for gastric carcinoma, dysplasia or chronic atrophic gastritis screening[END_REF][START_REF] Miki | Usefulness of gastric cancer screening using the serum pepsinogen test method[END_REF][START_REF] Ren | Serum pepsinogens and risk of gastric and oesophageal cancers in the General Population Nutrition Intervention Trial cohort[END_REF][START_REF] Sipponen | Importance of atrophic gastritis in diagnostics and prevention of gastric cancer: application of plasma biomarkers[END_REF] Pepsinogen testing is widely used in Japan to assess GC risk. [START_REF] Yanaoka | Risk of gastric cancer in asymptomatic, middleaged Japanese subjects based on serum pepsinogen and Helicobacter pylori antibody levels[END_REF] The aim of the present long-term follow-up study was to test the efficiency of the OLGA staging system and gastric serology in prognosticating GC risk. With this aim, a consecutive series of dyspeptic patients was endoscopically, serologically and histologically assessed at the beginning of the study, then the same patients were further tested at least 12 years later, using similar procedures.

MATERIALS AND METHODS

Patient recruitment

This long-term follow-up study involved the residents of a mountain region of Northern Italy (the Vanoi valley), which is known to be a high-risk area for gastric malignancies (270/100,000/5 years [years 1988-1992]). [START_REF] Doglioni | High incidence of primary gastric lymphoma in northeastern Italy[END_REF] The initial study population consisted of 100 consecutive dyspeptic subjects referred to the Gastroenterology Unit of the Regional Hospital in Feltre between April 1993 and April 1994 (T1). All the subjects considered underwent upper GI endoscopy with standardized gastric biopsy sampling under the personal supervision of one of the authors (MdB). A serum sample was also collected at the same time. No less than 12 years (T2) after their initial endoscopy, all the subjects were asked to return to the same Gastroenterology Unit for a clinical and endoscopic check-up: 7 failed to turn up. The remaining 93 subjects constituted the follow-up study population (mean follow-up= 149 months; range=144-204). In accordance with the 1975 Helsinki Declaration, informed consent was obtained from all the patients.

Clinical and endoscopic assessment (T1 & T2)

At both T1 and T2, the subjects underwent clinical examination, gastro-esophageal endoscopy, biopsy mucosa sampling and serum sampling. In all cases (at T1 and T2), at least 5 biopsy samples of the gastric mucosa were obtained (2 from the anterior and posterior walls of the antrum, 1 from the angularis incisura and 2 from the anterior and posterior walls of the oxyntic stomach). Any focal lesion was noted and sampled too. Any presence of peptic ulcers (active or scars, both duodenal and gastric) was recorded. All endoscopy procedures were performed or supervised by one of the authors (MdB). 

Histology assessment (including H. pylori status)

At the end of the follow-up, all (T1 and T2) histology specimens (modified Giemsa stain for H. pylori, and Alcian blue periodic acid Schiff for intestinal metaplasia) were coded and jointly assessed by two pathologists (GP & MR), who were blinded to all clinical information (including the timing of the endoscopy).

The inter-observer consistency in assessing the OLGA stage between two pathologists involved in the study (MR & GP) was tested in 50 randomly-selected biopsy sets and interpreted in accordance with the Landis & Koch benchmarks (<0.4=poor agreement; 0.41-0.8=moderate/good agreement >0.8=excellent agreement). [START_REF] Landis | The measurement of observer agreement for categorical data[END_REF] At both T1 and T2, H. pylori status was assessed histologically (by modified Giemsa staining) and classified as following: a) persistent H. pylori infection, when the bacterium was detected histologically at both T1 and T2 (34 cases); b) native Hp-negative patients, when no H. pylori was detected at either T1 or T2 (11 cases); c) eradicated Hp-negative patients, who had revealed H. pylori at T1 but not at T2 (in 48 cases, eradication was confirmed by the patients' general practitioner [GB]).

At single biopsy level, mucosal atrophy was scored according to the OLGA Visual Analogue Scales; the stage of gastritis was assessed as detailed in a tutorial manuscript (Figure 1). [START_REF] Rugge | OLGA staging for gastritis: a tutorial[END_REF][START_REF] Rugge | Gastritis staging in clinical practice: the OLGA staging system[END_REF][START_REF] Satoh | Assessment of atrophic gastritis using the OLGA system[END_REF] The histological assessment of neoplastic lesions was consistent with internationally validated criteria. [START_REF] Rugge | OLGA staging for gastritis: a tutorial[END_REF][START_REF] Rugge | Gastritis staging in clinical practice: the OLGA staging system[END_REF][START_REF] Hamilton | WHO Classification[END_REF] Within the spectrum of gastric Intra-Epithelial Neoplasia (IEN), the categories considered were: (a) indefinite for IEN, (b) low-grade IEN (LG-IEN), and (c) highgrade IEN (HG-IEN). Gastric cancer was diagnosed in the presence of neoplastic epithelia infiltrating the lamina propria. [START_REF] Rugge | Gastric dysplasia: the Padova international classification[END_REF][START_REF] Rugge | The long term outcome of gastric non-invasive neoplasia[END_REF] 

Serology

Blood was sampled immediately before endoscopy at T1 and T2. The serum was immediately separated and stored at -80°C until it was assayed for pepsinogens (PgI and PgII) (Biohit®, Helsinki, Finland) and the PgI/PgII ratio was calculated. All serology tests were performed under the supervision of one of the authors (DB).

Statistical analysis

Fisher's exact test, the Mann-Whitney test, the modified Kruskal Wallis nonparametric test for trend, and the Wilcoxon non-parametric test for matched pairs were used, as appropriate. The strength of the association between the variables considered and the

OLGA stages was assessed by means of an ordinal logistic regression model (where an odds ratio [OR] of 1 means no association).

Sensitivity, specificity, and the positive (PPV) and negative (NPV) predictive values of the pepsinogen ratio at T2 were calculated for both high OLGA stages and neoplasia (at T2).

The inter-observer consistency in assessing the OLGA stage was ranked as "excellent" (K coefficient= 0.84). [START_REF] Landis | The measurement of observer agreement for categorical data[END_REF] The patients' clinico-pathological outcome (at T2) was correlated with the OLGA stage at T1 using the Kaplan-Meier method, comparing the groups using the log rank test.

Significance was inferred at a p value of less than 0.05%. The statistical analysis was performed by one of the authors (LG) (STATA software; Texas-USA). 

RESULTS

Patients at enrolment (T1)

The demographics and clinical data on the patients are summarized in Table 1.

Forty-eight patients were male (M/F= 1.07). The patients' mean age at enrolment was 55 years (range: 22-73). Their H. pylori status at T1 is shown in Table 1 (none of the patients had been given anti-H. pylori therapy before recruitment). Among the 82 Hp-positive patients, the M/F ratio was 1.2 (mean age = 55 years; range 22-73). The M/F ratio among the 11 native Hp-negative subjects was 0.4 (mean age= 55 years; range 37-70).

The patients' distribution by OLGA stage and their mean age by stage are shown in Figure 2. In total, 83 out of 93 patients (89%) were staged as 0+I+II (i.e. low-risk stages); among them, no neoplastic lesions (either intra-epithelial or invasive) were encountered.

Among the remaining 10 patients, 2 cases of low-grade IEN were seen (both associated with OLGA stage III).

The initial endoscopy detected 21 peptic ulcers (duodenal=19; gastric= 2) (Table 1).

The duodenal ulcers (active= 7; scars= 12) showed no gender preference or significant association with the age brackets considered. All the duodenal ulcers identified at T1 occurred in Hp-positive patients, as did all the gastric ulcers (active= 0; scars= 2; M/F ratio= 2/0).

The pepsinogen ratios by stage (mean PgI/PgII and range) are given in Figure 2. A significant association emerged between mean PgI/PgII values and OLGA-stage (the lower the ratio, the higher the stage; by ordinal logistic regression: OR= 0.82; 95%CI= 0.72-0.94; 

Gastritis stage at follow-up endoscopy (T2)

Figure 2 shows the patients' distribution by OLGA stage at T2. At the follow-up endoscopy, 6 patients had intra-epithelial or invasive neoplasia: 2 were indefinite for IEN, 1 was a LG-IEN (ascertained when the T1 histology specimens were reconsidered for this study, but overlooked at the initial diagnosis), 1 was a HG-IEN, and 2 were invasive carcinomas (one of them enrolled as LG-IEN). Both invasive cancers were located distally (1 case pTNM Stage II; 1 case pTNM Stage III). [START_REF] Sobin | TNM classification of malignant tumours[END_REF] Endoscopy at T2 also identified 9 ulcers or ulcer scars (duodenal= 7 [1 active]; gastric=2). All the duodenal ulcers occurred in Stage 0, Hp-eradicated patients. Both the gastric ulcers (1 in an Hp-eradicated patient and 1 in a case of persistent H. pylori infection, neither of them associated with NSAID therapy) were not documented at T1; they were both active and coexisted with GC.

The significant association between the PgI/PgII ratio and the OLGA stage was confirmed at T2 (ordinal logistic regression, OR= 0.71; 95%CI = 0.60-0.87; p<0.001). At T2, the mean PgI/PgII ratio was again significantly lower, the higher the stage of gastritis (test for trend; p<0.001). Taking all patients with OLGA stages 0+I+II together (low-risk stages), the mean PgI/PgII ratio (= 5.63, SD = 2.94) differed significantly from that of the cases with high-risk (III+IV) OLGA stages (= 2.94; SD =2.35) (Mann Whitney: p<0.001; Figure 3). At T2, the median PgI/PgII ratio for cases with neoplasia (IEN+invasive adenocarcinoma) was lower (but not significantly so) than for non-neoplastic cases (median PgI/PgII ratio for neoplastic patients=2.10 versus median PgI/PgII ratio for non-neoplastic patients=5.07; Mann Whitney: p=0.09).

The power of the pepsinogen ratio at T2 to discriminate high-risk OLGA stages and neoplasia at T2 was assessed by assuming a PgI/PgII ratio cut-off ≤ 3.00 [START_REF] Ren | Serum pepsinogens and risk of gastric and oesophageal cancers in the General Population Nutrition Intervention Trial cohort[END_REF] . In discriminating high-risk versus low-risk OLGA stages, serology showed a 77% sensitivity (95%CI=54%-99%), 85% specificity (95%CI=77%-92%), 45% positive predictive value (PPV; 95%CI=24%-66%), and 96% negative predictive value (NPV; 95%CI=87%-100%). In discriminating cases with versus without neoplasia at T2, serology showed a 67% sensitivity (95%CI=29%-100%), 80% specificity (95%CI=70%-88%), 18% PPV (95%CI=2%-34%) and 97% NPV (95%CI=90%-100%).

Gastritis outcome (stages at T1 versus T2) and Helicobacter pylori status

The gastritis outcome (OLGA stage) vis-à-vis H. pylori status is given in Figure 4, which shows the OLGA stages at the baseline and at the end of the follow-up (the diagonal squares indicate the number of cases with the same stage at T1 and T2). Among the patients with persistent H. pylori infection (34 cases [Figure 4A]; mean follow-up = 12 years; range= 12-17), those whose stage of gastritis was worse at T2 significantly exceeded the number whose gastritis had improved (Figure 4A; Fisher's exact test, p<0.001). Among the H. pylori eradicated patients (48 cases [Figure 4B]; mean follow-up= 12 years; range= 12-15), there was a significant prevalence of lower stages at T2 (Figure 4B; Fisher's exact test, p<0.006).

The difference in patients' outcome according to their H. pylori status was statistically significant, i.e. 17/34 cases (50%) with persistent H. pylori infection had a higher OLGA stage, as opposed to 2/48 (4%) whose H. pylori had been eradicated, while the OLGA stage decreased in 3/34 cases (9%) with persistent H. pylori infection and in 8/48 cases (17%) after 

DISCUSSION

Despite its declining incidence, GC (especially the epidemic intestinal-type variant mainly associated with H. pylori infection) is still a highly lethal malignancy. [START_REF] Parkin | Global cancer statistics[END_REF] Primary GC prevention through H. pylori eradication is consistently recommended. [START_REF] Correa | Chemoprevention of gastric dysplasia: randomized trial of antioxidant supplements and anti-helicobacter pylori therapy[END_REF][START_REF] Leung | Factors predicting progression of gastric intestinal metaplasia: results of a randomised trial on Helicobacter pylori eradication[END_REF][START_REF] Wong | Helicobacter pylori eradication to prevent gastric cancer in a high-risk region of China: a randomized controlled trial[END_REF] As for secondary prevention strategies, extensive gastric atrophy and (even more) IEN unequivocally identify patients at high risk of invasive adenocarcinoma. Unfortunately, both the histology profile and the clinical management of the patients with atrophy who warrant endoscopic follow-up are inconsistently defined. [START_REF] Garcia | Field cancerization, clonality, and epithelial stem cells: the spread of mutated clones in epithelial sheets[END_REF] The OLGA staging system was developed to deliver to clinicians a simple (prognostically useful) information on the gastritis-associated GC risk. [START_REF] Rugge | Staging gastritis: an international proposal[END_REF] Previous crosssectional studies associated low-stage gastritis (0, I, II) with a low risk of GC. [START_REF] Fukase | Effect of eradication of Helicobacter pylori on incidence of metachronous gastric carcinoma after endoscopic resection of early gastric cancer: an open-label, randomised controlled trial[END_REF] In contrast, the consistent association of GC only with OLGA-stages III/IV identifies this (lowprevalence) population as an elective target for endoscopic surveillance. [START_REF] Rugge | Gastritis staging in clinical practice: the OLGA staging system[END_REF][START_REF] Satoh | Assessment of atrophic gastritis using the OLGA system[END_REF] In this long-term follow-up study, the prognostic impact of OLGA staging was tested in a consecutive series of dyspeptic outpatients. Both at enrolment (T1) and at the end of the follow-up (T2), the vast majority of the patients (89% and 86%, respectively) featured lowstage (0-I-II) gastritis. At both time points, all the neoplastic lesions encountered were clustered in the very low minority of patients featuring high-risk (III and IV) stages.

The long-term follow-up demonstrated that a high-stage gastritis at enrolment significantly predicted neoplasia at the end of the follow-up. Such a stage-related difference in long-term outcome would represent a solid rationale for further exploring the impact of a stage-tailored follow-up in a larger population. [START_REF] Rugge | Gastritis staging in clinical practice: the OLGA staging system[END_REF][START_REF] Satoh | Assessment of atrophic gastritis using the OLGA system[END_REF] The clinico-biological consistency of the results achieved is further supported by the association between OLGA stages and peptic ulcer disease. Consistently with the inverse correlation between duodenal ulcer and GC risk, 18/19 cases of duodenal ulcer at T1 clustered in low OLGA stages; among these patients, H. pylori-positive gastritis significantly prevailed. [START_REF] Correa | The epidemiology and pathogenesis of chronic gastritis: three etiologic entites[END_REF][START_REF] Graham | Helicobacter pylori infection in the pathogenesis of duodenal ulcer and gastric cancer: a model[END_REF][START_REF] Uemura | Helicobacter pylori infection and the development of gastric cancer[END_REF] Conversely, 3/4 gastric ulcers detected in this study (2 at T1, and 2 at T2) were associated with high-stage gastritis (both ulcers found at T2 coexisted with GC). [START_REF] Correa | The epidemiology and pathogenesis of chronic gastritis: three etiologic entites[END_REF][START_REF] Graham | Helicobacter pylori infection in the pathogenesis of duodenal ulcer and gastric cancer: a model[END_REF][START_REF] Uemura | Helicobacter pylori infection and the development of gastric cancer[END_REF] A significant correlation emerged between OLGA stages and pepsinogen serology. [START_REF] Graham | Noninvasive versus histologic detection of gastric atrophy in a Hispanic population in North America[END_REF] The pepsinogen ratio dropped progressively with increasing gastritis stages, suggesting the wisdom of applying an integrated (non-invasive and invasive) strategy in secondary GC prevention. [START_REF] Vakil | Limited value of alarm features in the diagnosis of upper gastrointestinal malignancy: systematic review and meta-analysis[END_REF] In fact, by using a PgI/PgII ratio cut-off commonly used in the literature (PgI/PgII≤ 3), the high negative predictive value of serology in identifying both low-risk stages (NPV 96%) and non-neoplastic cases (NPV 97%) identifies patients who could be confidently excluded from any further endoscopic procedures. [START_REF] Yanaoka | Risk of gastric cancer in asymptomatic, middleaged Japanese subjects based on serum pepsinogen and Helicobacter pylori antibody levels[END_REF] Consistently with the notion that the PgI/PgII ratio gives an adequate picture of the severity of atrophy, but is not a biological marker of neoplastic transformation, the pepsinogen ratio failed to discriminate between neoplastic and non-neoplastic disease among cases with high-stage atrophic gastritis. As a consequence, serology tests (possibly including both the pepsinogen ratio and H.pylori status [see below]) only discriminated, from among the huge population of dyspeptic patients, the cases in whom second-line procedures (i.e. endoscopy and biopsy) can consistently assess a more "personalized" cancer risk. An additional finding of the present study is the divergent long-term outcome of gastritis depending on H. pylori status: even in the present (relatively small) cohort of patients, etiological therapy resulted in an improvement in gastritis stage, whereas it worsened in association with persistent infection. [START_REF] Correa | Chemoprevention of gastric dysplasia: randomized trial of antioxidant supplements and anti-helicobacter pylori therapy[END_REF][START_REF] Leung | Factors predicting progression of gastric intestinal metaplasia: results of a randomised trial on Helicobacter pylori eradication[END_REF][START_REF] Wong | Helicobacter pylori eradication to prevent gastric cancer in a high-risk region of China: a randomized controlled trial[END_REF] In conclusion, this long term follow-up study, shows that OLGA staging (and its functional serology counterpart) significantly prognosticated the gastritis-associated GC risk.

On these bases, H. pylori-negative patients with low OLGA stages could be confidently excluded from any further invasive procedures (addressed to secondary GC prevention), [START_REF] Vakil | Limited value of alarm features in the diagnosis of upper gastrointestinal malignancy: systematic review and meta-analysis[END_REF] whereas patients with OLGA stages III-IV are definitely candidates for endoscopic surveillance. 
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  p<0.006). The mean PgI/PgII ratio declined significantly as the OLGA-stage increased (test for trend; p<0•001). Significantly different mean PgI/PgII ratios were associated with lowversus high-risk stages (Stages 0+I+II: mean PgI/PgII= 6.80; SD= 4.63; Stages III+IV: mean PgI/PgII= 2.98; SD=1.7; Mann Whitney: p<0.002; Figure 3)

H

  . pylori eradication (Fisher's exact test, p<0.005).Based on the low cancer risk associated with stages 0, I, and II (as opposed to the high risk associated with stages III and IV), patients at T1 were merged into two groups (Stages 0+I+II= 83 versus Stage III+IV= 10). For these two cohorts, the OLGA stage at T1 significantly predicted patient outcome at T2. In fact, a high OLGA stage at enrolment predicted both a high OLGA stage [Kaplan Maier log rank test, p= 0.001; RR= 18.56, 54-62.14, p= 0.001], and a higher risk of neoplasia at T2. [Kaplan Maier log rank test, p= 0.0001; RR= 58.00, 95%CI= 5.67-592.53, p= 0.001]).

Figure 1 :

 1 Figure 1: The OLGA staging system: the stage of gastritis results by combining the atrophy

Figure 2 :

 2 Figure 2: Patients' distribution by OLGA stage at T1 and T2. Pepsinogens ratio, prevalence

Figure 3 :

 3 Figure 3: PgI/PgII ratio in low-risk (Stages o+ I+II [box A]) and high risk (Stages III+IV

Figure 4 :

 4 Figure 4: OLGA-stage (o, I, II, III, IV) at the entry (T1) and at the end of the follow-up (T2)

Table 1 .

 1 Demographics and clinico-pathological data on patients at initial (T1) and final (T2) examination (mean follow-up= 149 months; range=144-204).
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