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ABSTRACT

Background and study aims Gastric cancer (GC) is usual-

ly preceded by premalignant gastric lesions (GPLs) such as

gastric intestinal metaplasia (GIM). Information on risk fac-

tors associated with neoplastic progression of GIM are

scarce. This study aimed to identify predictors for progres-

sion of GIM in areas with low GC incidence.

Patients and methods The Progression and Regression of

Precancerous Gastric Lesions (PROREGAL) study includes

patients with GPL. Patients underwent at least two upper

endoscopies with random biopsy sampling. Progression of

GIM means an increase in severity according to OLGIM (op-

erative link on gastric intestinal metaplasia) during follow-

up (FU). Family history and lifestyle factors were deter-

mined through questionnaires. Serum Helicobacter pylori in-

fection, pepsinogens (PG), gastrin-17 and GC-associated

single nucleotide polymorphisms (SNPs) were determined.

Cox regression was performed for risk analysis and a chi-

squared test for analysis of single nucleotide polymorph-

isms.

Results Three hundred and eight patients (median age

at inclusion 61 years, interquartile range (IQR: 17; male

48.4%; median FU 48 months, IQR: 24) were included. Dur-

ing FU, 116 patients (37.7%) showed progression of IM and

six patients (1.9%) developed high-grade dysplasia or GC.

The minor allele (C) on TLR4 (rs11536889) was inversely

associated with progression of GIM (OR 0.6; 95%CI 0.4–

1.0). Family history (HR 1.5; 95%CI 0.9–2.4) and smoking

(HR 1.6; 95%CI 0.9–2.7) showed trends towards progres-

sion of GIM. Alcohol use, body mass index, history of H. py-

lori infection, and serological markers were not associated

with progression.
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Introduction
Gastric cancer (GC) of the intestinal type is often initiated by
chronic Helicobacter pylori infection through gastritis eventually
leading to the development of gastric premalignant lesions
(GPLs). These in particular include atrophic gastritis (AG), gas-
tric intestinal metaplasia (GIM), and dysplasia [1, 2]. These pre-
malignant lesions make GC suitable for screening and surveil-
lance. In high endemic GC regions such as Asia, population-
based screening for GC has been implemented in certain re-
gions [3]. Due to low prevalence rates of GC, screening pro-
grams are not effective in low endemic areas such as the North-
ern European countries. These regions rely on surveillance pro-
grams of at-risk individuals with GPL identified during routine
endoscopy.

The balance between burden and benefit of such endoscopic
surveillance in low endemic regions is still under debate. While
US guidelines do not recommend endoscopic surveillance, Eu-
ropean guidelines recommend surveillance dependent on the
extent and severity of GPL [4–7]. The American Gastroenterolo-
gical Association (AGA) recently published clinical practice
guidelines on the management of GIM. The AGA suggests
against routine endoscopic surveillance for patients with GIM
unless a higher risk of GC is the case (i. e. incomplete GIM, ex-
tensive GIM, a family history of GC or of Asian heritage) [8].
While European guidelines do opt for endoscopic surveillance,
they recognize that a more individualised surveillance strategy
distinct based on risk factors for disease progression is needed
and will maximise the yield and reduce the burden of surveil-
lance endoscopies. The recently updated European guideline
takes risk factors such as a positive family history for gastric
cancer into account [9].

Evidence suggests that patients who have a first-degree re-
lative with gastric cancer (diffuse type [hereditary] gastric can-
cer excluded) have an increased risk for neoplastic progression
compared to GIM patients who have no first-degree relative
with gastric cancer [10–12]. Single nucleotide polymorphisms
(SNPs) are common genetic variants among individuals and
are frequently inherited within families. SNPs are increasingly
being studied in association with H. pylori infection and gastric
cancer. SNPs that have been associated with non-cardia gastric
carcinogenesis are located in toll like receptor 4 (TLR4)
rs11536889, toll like receptor 1 (TLR1) rs28393318 (both hav-
ing a signalling function in initiating immune responses), au-
tophagy 16 like 1 (ATG16L1) rs2241880, and neutrophil cytoso-
lic factor 4 (NCF4) rs482154 genes (playing a part in activity of
granulocytes) [13–15]. Besides genetic factors, smoking, alco-
hol use and increased BMI have also been identified as possible
risk factors for neoplastic progression of GPL, in particular in
high-risk populations [16, 17]. Serum pepsinogen (ratios) and

gastrin levels are markers for current presence of an atrophic
stomach [18]. Pepsinogen I/II ratio is increased, and gastrin lev-
el decreased in case of gastric atrophy [19]. However, it is not
known if these serological markers have a predictive value for
progression of intestinal metaplasia over time.

All in all, information on risk factors of neoplastic progres-
sion of GIM is limited and they have not been tested systemati-
cally in a prospective cohort of premalignant gastric lesion in
patients living in a low GC incidence country. Many patients
are followed intensively without risk stratification, causing a
significant burden to patients and health care systems. From
2009, a prospective cohort of over 300 patients with premalig-
nant gastric lesions was initiated in the Netherlands and Nor-
way. This study aims to reveal potential risk factors associated
with the progression of GIM, including analyses on SNPs and
serological markers, in a country with low GC risk.

Patients and methods
Patient selection

The PROREGAL study (Progression and Regression of precan-
cerous Gastric Lesions) was initiated in 2009 and is an ongoing
prospective cohort study in six hospitals (one academic, five re-
gional) in the Netherlands and one regional hospital in Norway.
The study design has been described previously [20]. In short,
patients over 18 years of age and with atrophic gastritis, gastric
intestinal metaplasia and/or dysplasia are eligible for inclusion.
Patients are excluded from participation if they have: 1) pre-
viously undergone upper gastrointestinal surgery, 2) a previous
diagnosis of gastric carcinoma, or any other malignancy not
being in remission, 3) severe comorbidity limiting their expect-
ed survival to less than 2 years, 4) portal hypertension, or 5) a
proven CDH1 mutation. Eligible patients are included after
written informed consent. The study protocol was approved by
the Erasmus MC Institutional Review Board (MEC-2009-090).

Baseline data collection

Information on lifestyle factors, medical history, medication
use and family history of gastric cancer were obtained through
questionnaires. Pepsinogens-I/II (PG-I/II), gastrin-17 and H. py-
lori status blood samples were collected at baseline. Any active
H. pylori infections were eradicated and confirmed afterwards.

Endoscopy procedures

All patients underwent at least one surveillance endoscopy
after the index endoscopy (t0). First surveillance endoscopy
(t1) was performed one year after the index endoscopy and
the second surveillance endoscopy (t2) 3 years after the index
endoscopy, except if low-grade dysplasia (within 1 year) or
high-grade dysplasia (within 6 months) was present. Further

Conclusions Family history and smoking appear to be

related to an increased risk of GIM progression in low GC in-

cidence countries. TLR4 (rs11536889) showed a significant

inverse association, suggesting that genetic information

may play a role in GIM progression.
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follow-up surveillance endoscopies were decided according to
the Management of epithelial precancerous conditions and le-
sions in the stomach (MAPS) guideline recommendations that
became available during the study [4]. Every gastric lesion
found at endoscopy was reported. Gastric biopsies were sam-
pled in a standardised manner at every endoscopy. This includ-
ed biopsies from any visible lesion and twelve random biopsies
from five areas in the stomach: four quadrant biopsies of the
antrum, two biopsies from the incisura, two from the lesser
curvature, two from the greater curvature and two from the
cardia (Supplementary Fig. 1).

Pathology

The biopsy specimens were fixed in buffered formalin and em-
bedded in paraffin and then assessed by pathologists from the
participating hospitals. The presence and grade of the different
stages of GGIM were classified according to the OLGIM (Opera-
tive Link of Gastric Intestinal Metaplasia) classification. The
scoring of lesions is divided into mild-moderate-severe IM in
both antrum and corpus, providing a score between 0–IV with
IV having the highest risk of gastric cancer development [21].

Enzyme linked immunosorbent assay

Serum was collected from patients at the first surveillance
endoscopy and was aliquoted and stored at −80 °C until analy-
sis. Ennzyme linked immunosorbent assay (ELISA) for H. pylori
IgG, gastrin and pepsinogen I/II was performed according to
manufacturer’s protocol (Gastropanel, Biohit oyi, Finland). In
short, precoated plates were incubated with patient sera or
standardized controls. Plates were washed and subsequently
incubated with the conjugated antibody. After another wash
step the substrate was added after which the readout could be
performed at a frequency of 450nm. Optical density (OD)
measurement and 8 subsequent quantification of plates was
performed with the infinite 200 pro ELISA reader (TECAN, Man-
nedorf, Switzerland).

Identification of SNPs

Several SNPs associated in the past with H. pylori infection and
an increased risk of gastric cancer were selected [22–25]. We
first tested if there was a difference in the minor allele frequen-
cy (MAF) of the selected SNPs between the PROREGAL cohort
and the general population. For this purpose, we compared
the MAF of the PROREGAL cohort with the MAF found in the
Rotterdam Study 1 cohort (RS1). The Rotterdam Study is a pro-
spective cohort study of healthy persons living in a well-defined
district in Rotterdam (Ommoord), more details on this study
are described elsewhere [26]. The cohort reflects the general
Dutch population. In short, it comprises almost 6,500 healthy
participants aged between 45–75 years. Participants are fol-
lowed throughout life every 3–4 years with emphasis on col-
lecting bio specimens that enable molecular and genetic analy-
sis.

To determine a significant difference between the SNPs in
the PROREGAL cohort versus the general population (RS1) a
chi squared test was performed. The ATG16L1 (rs2241880) SNP
MAF was 0.465 in the RS1 cohort versus 0.528 in the PROREGAL

cohort (P=0.016). The NCF4 (rs482154) SNP MAF was 0.292 in
the RS1 cohort versus 0.311 in the PROREGAL cohort (P=
0.530). The TLR1 (rs28393318) SNP MAF was 0.266 in the RS1
cohort versus 0.374 in the PROREGAL cohort (P >0.001). The
TLR4 (rs11536889) SNP MAF was 0.147 in the RS1 cohort versus
0.192 in the PROREGAL cohort (P=0.048). Based on these re-
sults we included rs2241880, rs28393318 and rs11536889
SNPs for the current study.

DNA isolation and SNP identification in the
PROREGAL cohort

At baseline blood was collected from each patient. DNA was
isolated using the Kleargene XL blood DNA extraction kit (LGC
limited, Teddington, UK). Quantity and quality of isolated DNA
was measured on the nanodrop and DNA samples were normal-
ized to 10ng/ul. SNPs were determined using Polymerase Chain
Reaction-Restriction Fragment Length Polymorphism (PCR-
RFLP). In short DNA fragments were amplified using regular
PCR for 35 cycles. After quality control by performing gel elec-
trophoresis on 2% Tris-Borate-EDTA (TBE) agarose gel, samples
that provided a well-defined band are digested overnight using
a restriction enzyme that specifically digest one allele of the ap-
propriate SNP (Supplementary Table 1). These samples were
then used in TBE gel electrophoresis and presence of the SNP
in one or two alleles was determined by identifying the number
of bands: one band for homozygously undigested, two bands
for homozygously digested, three bands for heterozygous pa-
tients.

Statistical analyses

Baseline characteristics are presented as mean with standard
deviation (SD) or median with interquartile range (IQR). Cate-
gorical variables were reported as percentages. Progression of
GIM was defined as progression of the OLGIM classification at
any time point between follow-up (FU) endoscopies. Potential
risk factors (RF) for progression were analysed by Cox-regres-
sion with a two-sided significance level of 0.05 and providing
hazard ratios (HR) 95% CI. To further substantiate the genetic
role on one’s progression risk, interdependence of SNP distribu-
tions for progressors and non-progressors was calculated using
the chi squared test and providing odds ratio (OR) with 95%
confidence intervals (95% CI). Analyses were performed in IBM
SPSS v.24. Figures were drafted in R V.3.4.2.

Sample size and selection of predictors

To avoid overfitting of the Cox regression model we have used
an event per variable (EPV) of > 10 with a central limit theorem
of 10 cases as generally proposed in sample size considerations
for proportional hazards analysis [27]. This entails that for every
ten cases of progression of GIM one predictor was added to the
cox model starting from the 10th case. The current study con-
tains 81 cases of progression with complete data. This trans-
lates into the inclusion of seven predictors (81 cases minus 10
cases as being the central limit of theorem, adding 1 variable
per 10 cases) in our Cox regression model.

We pre-selected possible predictors that can be determined
prior to one’s first upper endoscopy, based on available litera-
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ture and guidelines. Previously, our study group and many oth-
ers have shown a correlation between OLGIM stage and values
of the serological markers pepsinogen I, pepsinogen II, and gas-
trin-17 [20, 28]. It is therefore that we included these serologi-
cal markers in the current study to evaluate if these factors
might also be associated with the progression of GIM over time.

Further, family history has been an increased focus of re-
search and was recently added as a risk factor in the updated
surveillance guidelines [9]. However, it is still rated as “low
quality evidence” for which prospective data is needed.

Several trials have been performed on the effects of H. pylori
eradication and the progression to gastric cancer. The benefits
of H. pylori eradication were mostly seen in patients without
premalignant gastric lesions at baseline [29, 30]. We have ad-
ded history of an (confirmed eradicated) H. pylori infection to
evaluate if this might affect progression of GIM over time. Life-
style factors such as smoking, use of alcohol and body mass in-
dex (BMI) remain understudied with controversial results and
mainly focus on the occurrence of gastric cancer. Associations
with the progression of premalignant lesions might just be as
important [31–34].

Results
Baseline characteristics

A total of 308 patients were included (▶Fig. 1). Their median
age was 61 years (IQR: 17) and 48.4% were male. Baseline char-
acteristics of the study population are shown in ▶Table 1. Me-
dian follow-up (FU) time was 48 months (IQR 24), with a medi-
an of three endoscopies (IQR: 1) performed per patient. One
hundred and sixteen patients (38.0%) showed progression of
OLGIM stage, two (0.6%) patients showed progression to high-
grade dysplasia, and four patients (1.3%) developed gastric

cancer. The distribution of progression within specific OLGIM
stages of these progressors is shown in ▶Fig. 2.

Risk factors

Smoking (HR 1.6; 95%CI 0.9–2.7, P=0.079) and having a family
member (first- and/or second-degree) with gastric cancer (HR
1.5; 95% CI 0.9–2.4, P=0.076) was associated with an in-
creased risk of progression of GIM, but statistically non-signifi-
cant (▶Fig. 3). Serum PG I, PG II and their PG I/II ratio (HR 1.0;
95%CI 0.9–1.1, P=0.420) as well as serum gastrin-17 (HR 1.0;
95%CI 0.9–1.1, P=0.854) did not significantly correlate with
the risk of GIM progression. Also, history of an H. pylori infection
(HR 1.1; 95%CI 0.6–1.7, P=0.953), alcohol use (HR 0.7; 95%CI
0.4–1.1, P=0.103), and BMI (HR 1.0; 95%CI 0.9–1.1, P=0.947)
showed no association with progression of GIM.

322 subjects eligible for surveillance

314 subjects included with PGL at index endoscopy

Excluded 
N = 4 no IC
N = 4 no PGL on index endoscopy

308 subjects included with at least 1 surveillance 
endoscopy

Excluded 
N = 3 on patient wish
N = 1 stomach resection
N = 1 died
N = 1 MALT

▶ Fig. 1 Flowchart of the included subjects. IC, informed consent;
PGL, premalignant gastric lesion; MALT, mucosa-associated lym-
phoid tissue.

▶Table 1 Baseline characteristics of the PROREGAL cohort.

Baseline characteristics PROREGAL

cohort

Available

data

N (% from

total)

Male n (%) 148 (48) 308 (100)

Age at baseline (years) median (IQR)  61 (17) 308 (100)

Ethnicity (Caucasian), n (%) 242 (79) 308 (100)

Follow up (months) median (IQR)  48 (24) 308 (100)

OLGIM stage at baseline n (%) 308 (100)

0  54 (21)

I  83 (32)

II  67 (26)

III  42 (16)

IV  10 (4)

Progression of IM n (%) 116 (38) 308 (100)

Progression to HGD n (%)   2 (0.6) 308 (100)

Progression to gastric cancer, n (%)   4 (1.3) 308 (100)

History of H. pylori infection, n (%) 148 (62) 237 (77)

Pepsinogen I (µg/L) mean (SD) 128 (99) 301 (98)

Pepsinogen II (µg/L) mean (SD)  18 (13) 303 (98)

Pepsinogen I/II (µg/L) mean (SD)   9 (11) 301 (98)

Gastrin-17 (pmol/L) mean (SD)  19 (25) 296 (96)

Smoking status (ever), n (%) 151 (60) 250 (81)

Alcohol use (yes), n (%) 132 (53) 249 (81)

Family history of gastric cancer, n (%)  76 (29) 262 (85)

First degree  50 (16)

Second degree  26 (8)

PROREGAL, Progression and Regression of Precancerous Gastric Lesions;
IQR, interquartile range; OLGIM, Operative Link for Gastritis Assessment;
IM, intestinal metaplasia; HGD, high-grade dysplasia.
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Family history of gastric cancer

Information on family history was available for 266 subjects
(86%). Fifty subjects had a first-degree relative with gastric
cancer (of whom 48.0% showed progression of IM), 26 had a
second-degree relative with gastric cancer (of whom 50.0%
showed progression of IM), and 190 did not have a family his-
tory of gastric cancer (of whom 36.3% showed progression of
IM) (▶Fig. 4).

Single nucleotide polymorphisms

The genotype distribution of the SNPs within our cohort is re-
presented in ▶Table 2. Also, this demonstrates the minor allele
frequencies for all variants between the non-progressor and
progressor groups. The minor allele (C) on the TLR4 gene
(rs11536889) was inversely associated with the progression of
GIM showing an odds ratio (OR) of 0.6 (P=0.042).

Discussion
To our knowledge, this is the first study that prospectively as-
sessed multiple risk factors, including SNP analysis, for progres-
sion of gastric intestinal metaplasia in a population with a low
gastric cancer incidence. SNP analysis showed that the minor
allele (C) on TLR4 (rs11536889) was negatively associated with
progression of GIM. This result suggests genetic information
may play a role in GIM progression. Possible risk factors that
were previously identified in high-risk GC populations were not
predictive for progression in our low-risk population. However,
a positive family history of gastric cancer and smoking status
might be associated with an increased risk of progression.

Lifestyle factors such as the use of alcohol and smoking were
previously studied in association with gastric cancer. A large
meta-analysis including 59 studies showed a correlation be-

OLGIM stages of all progressors (n = 116) 0

n = 0 (0 %)

n = 1 (1 %)

n = 16 (14 %)

n = 19 (16 %)

n = 5 (4 %)

n = 16 (14 %)

n = 22 (19 %)

n = 4 (3 %)

n = 23 (20 %)

I II III IV

▶ Fig. 2 Percentages of progressors per OLGIM stage at baseline and maximal OLGIM stage at the first time point of progression during follow
up.

 HR [95% CI] 
 History of HP (yes)
 1.1 [0.6 – 1.7] P =0.95

 Pepsinogen I/II
 1.0 [0.9 – 1.1] P =0.42

 Gastrin-17
 1.0 [0.9 – 1.1] P =0.85

 Smoking (ever)
 1.6 [0.9 – 2.7] P =0.07

 Alcohol use (yes)
 0.7 [0.4 – 1.1] P =0.10

 BMI
 1.0 [0.9 – 1.1] P =0.94

 Family history (yes)
 1.5 [0.9 – 2.4] P =0.07

5.01

Increased risk 
of progression

0.2

▶ Fig. 3 Analysis of risk factors associated with progression of
intestinal metaplasia. BMI, body mass index; CI, confidence interval;
Hp, Helicobacter pylori; HR, hazard ratio.
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tween heavy drinking (> 4 drinks/day) and progression to non-
cardia gastric cancer with a relative risk (RR) of 1.39 (95%CI
1.14–1.69) among non-Asian studies and 0.90 (95%CI 0.65–
1.25) among Asian studies [34]. In our study we did not find
any correlation between alcohol consumption and progression
of IM. However, our data did not allow for discrimination be-
tween amounts of consumption, which might neglect the influ-
ence of heavy drinking in our cohort.

A large Korean cohort study including almost 200,000 sub-
jects found smoking as an independent risk factor for the de-
velopment of IM by measuring urinary cotinine levels. Heavy
smoking (i. e. nicotine level > 500ng/mL) corresponded to an
hazard ratio (HR) of 1.54 (95%CI 1.44–1.64) for men, and 1.57
(95%CI 1.07–2.30) for women [35]. In a study from a low risk
area, a HR of 1.13 (95%CI 1.00–1.27, P=0.05) was found for
the progression to gastric cancer in male smokers with normal
serum PGI levels [36]. A recent meta-analysis pooled the pub-
lished studies on smoking and alcohol use and their relation
with the presence of GIM [37]. By pooling these results (n =
7971 subjects in eight studies) the Relative Risk (RR) of ever or
former smoking versus never smoked and the presence of GIM
was 1.57 (95% CI 1.24–1.98). For ever or former alcohol use
versus no alcohol use (n=6775 subjects in five studies) RR was
1.29 (95% 1.12–1.50). Although not significant, we found sim-
ilar trends for the risk of progression of GIM in smokers.

Serum markers such as gastrin-17 and pepsinogen I and II
are well correlated with the presence and severity of premalig-
nant lesions [18, 20, 38]. This study aimed to evaluate if serolo-
gical markers at baseline might have a predictive value for fu-
ture progression of IM. This would substantiate proper risk stra-
tification at initial diagnosis. However, our results did not show
any significant associations between serology levels at baseline
and progression of GIM during follow up. It is still to be tested if
longitudinal data assessment of serological markers during ev-
ery FU endoscopy might be of value.

In both the American Gastroenterological Association (AGA)
and European guidelines, routine surveillance endoscopies are
not recommended for all patients with GPL. Both guidelines ad-
vise a more individualized strategy where accurate risk stratifi-
cation is the key. Both emphasize the importance of having a
positive family history of gastric cancer as being a risk factor. Al-

308 subjects with a GPL from the proregal cohort

266 subjects with available information on family 
history

190 subjects 
with no family 
history of GC

50 subjects 
with FD relative 

with GC

26 subjects SD 
relative with 

GC

36.3 % 
progression of 

IM

48.0 % 
progression of 

IM

50.0 % 
progression of 

IM

▶ Fig. 4 Flowchart of available information on family history. Sub-
jects of the PROREGAL cohort with known gastric premalignant le-
sions and the proportion of subjects with a positive family history.
FD, first-degree relative; GC, gastric cancer; IM, intestinal metapla-
sia; SD, second-degree relative.

▶Table 2 Summary of the genotypes associated with progression in the PROREGAL cohort and comparison of the minor allele frequencies (MAF) in
the non-progression and progression groups.

Genotype Non-progression (%) Progression (%) OR (95%CI) P value

ATG16L1 AA 30 (18.6%) 23 (21.3%)

AG 91 (56.5%) 57 (52.8%)

GG 40 (24.8%) 28 (25.9%)

MAF  0.469  0.477 1.0 (0.8–1.4) 0.808

TLR1 AA 57 (35.4%) 36 (33.6%)

GA 92 (57.1%) 59 (55.1%)

GG 12 (7.5%) 12 (11.2%)

MAF  0.360  0.388 1.1 (0.8–1.5) 0.572

TLR4 GG 95 (59.4%) 80 (74.1%)

GC 56 (35.0%) 25 (23.1%)

CC  9 (5.6%)  3 (2.8%)

MAF  0.231  0.144 0.6 (0.4–1.0) 0.042

PROREGAL, Progression and Regression of Precancerous Gastric Lesions; MAF, minor allele frequency; OR, odds ratio.
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though not significant, the recent meta-analysis showed that a
positive family history was associated with the presence of GIM
(RR1.46, 95%CI 0.97–2.21) [37]. Both the AGA guidelines as
well as the updated MAPS guidelines recommend providing
more intensive surveillance in this at-risk population [8, 9]. Our
results indeed point in the direction of an increased risk of pro-
gression of GIM in case of a positive family history. The current
study helps strengthen the currently available literature by fur-
ther elucidating these risk factors, as well as showing that fa-
milial predisposition might also contribute to the course of dis-
ease.

These results are in line with previous literature. A prospec-
tive cohort study from Italy also showed that neoplastic pro-
gression in AG patients was two-fold more frequent among pa-
tients with a first degree relative with gastric cancer compared
to patients with a negative family history (23.5% vs. 12.6%, P=
0.4867) [39]. In a retrospective study from the United States,
over 900 subjects with IM were included. Of these, 25 subjects
progressed to gastric cancer, with family history being a signif-
icant risk factor (incidence rate ratio, 8.87; 95%CI 1.5–23.5; P=
0.012) [40].

The ATG16L1 SNP rs2241880 previously has been associated
with gastric cancer [25]. In the PROREGAL cohort, variation at
rs2241880 was associated with the presence of intestinal meta-
plasia when compared to a general population control group.
Rs2241880 is a functional SNP that results in an amino acid
change of threonine to alanine at position 300 in the ATG16L1
protein, which in turn causes impaired autophagy [41]. Increas-
ing evidence links the autophagy pathway to H. pylori patho-
genesis [42]. Variation in the TLR1 gene at rs28393318 is in
linkage disequilibrium with the functional SNP rs4833095 which
has previously been negatively associated with H. pylori serolo-
gy and positively associated with gastric cancer [43, 44]. In our
study, rs28393318 was also associated with the presence of
gastric premalignant lesions. Although the consequences of
this SNP remain largely unclear, it is biologically plausible that
innate immune signaling through TLR1 may contribute to the
inflammatory environment in which gastric premalignant le-
sions may occur.

Of the analyzed SNPs, only variation at TLR4 (rs11536889)
showed a significant inverse association with the progression
of IM. Just as with TLR1, TLR4 is a pattern recognition receptor
and can initiate the innate immune response in the host colo-
nized with H. pylori. This SNP might thus affect the intensity of
the host response against H. pylori and thus modify the severity
of chronic H. pylori gastritis [13]. The association of rs11536889
with IM and the inverse relationship with progression of IM may
seem contradictory. However, several explanations can be
found for these conflicting results. First, all previous studies
that found an increased risk of gastric cancer associated with
rs11536889 were restricted to patients of Chinese descent
[13, 45]. Second, the highest risk that could be found was in in-
dividuals that, aside from the variation at rs11536889, were
also infected with H. pylori. This is also biologically plausible
since TLR signalling is important in the early response to H. py-
lori infection. Several studies suggest that over the long term,
modest regression of gastric premalignant lesions may be ex-

pected after eradication of H. pylori [46, 47]. If the association
of this TLR4 SNP with gastric cancer is co-dependent on H. pylori
infection, one might expect some regeneration or stabilization
when H. pylori has been eradicated.

Our study also has some limitations. First, our median fol-
low-up period is 4 years. To draw firm conclusions on the course
of disease with concomitant risk factors, a longer follow-up
period is needed. Second, lifestyle risk factors and family his-
tory were obtained through questionnaires, making that infor-
mation subject to patient interpretation. Third, due to a limited
number of cases we were not able to add more potential risk
factors. Because the PROREGAL study is an ongoing prospective
study that will be continued and expanded in the future, more
long-term data with larger sample size are awaited. Fourth, the
association between smoking and a positive family history was
not statistically significant, with a P=0.07; it may, however,
point in the direction of an indicated effect. Furthermore, our
primary endpoint was progression of OLGIM stage instead of
progression to gastric cancer because of the small number of
neoplastic lesions. Location, therefore, could not to be added
as independent factor in the Cox model. For low-risk regions, it
is just as important to focus on the identification of progression
of premalignant lesions as to stop further surveillance in pa-
tients with a very low risk of gastric cancer development.

Conclusion
In conclusion, this multicenter, prospective cohort study on the
surveillance of gastric premalignant lesions in an area with a
low gastric cancer incidence shows that both a positive family
history of gastric cancer and a history of smoking are indicated
to have an effect on the progression of GPL. This study further
substantiates the possible underlying role of SNPs in (non-)pro-
gression of GPL, suggesting that genetic information may play a
role in the risk stratification of patients with GIM.
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