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General introduction and outline of the thesis

INTRODUCTION

Helicobacter pylori is a gram-negative spiral organism that is capable of colonizing the gastric
mucosa and forms the main cause of chronic active gastritis." Colonization with H. pylori
is the commonest infection worldwide, affecting at least half the world’s population.? The
prevalence of H. pylori varies by country, with a high prevalence in developing countries
such as in Asia and Africa and a lower prevalence in Western Europe and North America.'**
This difference is already present in young children and remains throughout life. In Western
countries H. pylori infection in children is low, whereas in various developing countries >80%
of children is infected by H. pylori by the age of 10 years.>¢ These variations are attributed to
differences in environmental factors, such as improved hygiene and sanitation in industrial-
ized countries.” However, despite the heavy colonization pressure with H. pyloriin developing
countries, some 5-10% of the population do not become infected.® This observation indicates
that genetic factors may also play a role in H. pylori susceptibility, which was confirmed in a
study on monozygotic and dizygotic twins that demonstrated a significantly higher concor-
dance rate for H. pylori in monozygotic twins than in dizygotic twins.>'® However, specific
host genetic factors that influence this susceptibility remain unknown. The first aim of this
thesis was therefore to identify the association between specific host genetic polymorphisms
and H. pylori infection in a genome wide association study (Chapter 2).

H. PYLORI - ASSOCIATED MALIGNANCIES

Although the incidence of H. pylori infection is decreasing in Western countries, it still remains
a major health problem, particularly among those above 50 years of age. H. pylori causes a
chronic inflammation of the gastric mucosa in virtually all infected subjects.! This inflamma-
tion can progress to peptic ulcer disease (PUD), gastric MALT lymphoma, and pre-malignant
gastric lesions. Although only a small proportion of patients with H. pylori will eventually
develop malignant disease, the widespread high prevalence of this bacterium explains that
gastric cancer remains the fourth most common cancer and second leading cause of cancer
related death worldwide."'? For these reasons, epidemiology and gastric cancer risk assess-
ment in patients with progression of H. pylori infection to PUD, gastric MALT lymphoma, or
pre-malignant gastric lesions may result in improved prognosis and a reduction in gastric
cancer mortality worldwide.
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Chapter 1

AIM

The general aim of this thesis was to evaluate epidemiological time trends and gastric ad-
enocarcinoma risk in patients with H. pylori-associated malignancies such as gastric MALT
lymphoma, pre-malignant gastric lesions and Lynch syndrome.

Peptic ulcer disease

Although exact epidemiological data are lacking, it is estimated that at least 10% of the
population suffers from PUD during lifetime. The predominant causes of PUD are Helicobacter
pylori infection and the use of NSAIDs. Patients with a H. pylori infection have an estimated
lifetime risk of 5-15% for PUD, for patients who use NSAIDs daily this risk is even higher. During
the last decades the incidence of PUD declined due to the introduction of acid suppressive
agents and the recognition of H. pylori as important etiologic factor for PUD. However, the
admission rate for complicated ulcers, such as ulcers associated with bleeding, perforation
or obstruction remained nearly constant over this period.”> Explanations for the persistently
high admission rates for complicated PUD are the increasing use of NSAIDs in particular in
elderly who often also suffer from co-morbidity. This effect is enhanced by the lack of both
prescription and use of proper gastroprotective treatment in many of these patients.''®
Since complicated ulcer disease is accompanied by high morbidity and mortality and the
prevalence increases with advancing age, it is expected that this common disease will con-
tinue to have an important impact on healthcare in the coming decade.

Gastric MALT lymphoma

Helicobacter pylori infection has increasingly been recognized in the pathogenesis of
gastric Mucosa-Associated Lymphoid Tissue (MALT) lymphomas.*'®¢ However, in contrast to
the decreasing incidence of H. pylori infection and peptic ulcer disease, the incidence of
gastric MALT lymphoma was reported to increase, particularly in the early nineties.*'7° In
these years the first link between H. pylori and gastric MALT lymphoma was discovered by
Wotherspoon.* This discovery led to a major change in therapy from chemotherapy and
surgery to H. pylori eradication. However, despite these improved treatment options, certain
studies described an increased gastric adenocarcinoma risk for patients with gastric MALT
lymphoma diagnosis. Moreover, an increased prevalence of pre-malignant gastric lesions
and an even more rapid progression of these lesions was reported in patients with gastric
MALT lymphoma.?"** However, most of these previous studies were small or described case
series without long-term follow-up. Therefore, the prevalence of pre-malignant gastric
lesions and the risk of gastric adenocarcinoma remained fairly unknown in patients with
gastric MALT lymphoma.
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For these reasons, the second aim of this thesis was to evaluate epidemiology and gastric
cancer risk in patients with gastric MALT lymphoma in a nation-wide study with long-term
of follow-up (Chapter 3). The third aim was to evaluate the severity of pre-malignant gastric
lesions in gastric MALT lymphoma patients with a subsequent diagnosis of gastric cancer and
without a subsequent diagnosis of gastric cancer to identify a subpopulation of gastric MALT
lymphoma patients at high gastric cancer risk (Chapter 4).

Pre-malignant gastric lesions

In 1992, Correa et al. demonstrated that the development of intestinal type gastric cancer
occurs according to a multistep pathway.? In this pathway, chronic inflammation of the gas-
tric mucosa caused by H. pylori, may progress through the pre-malignant stages of atrophic
gastritis, intestinal metaplasia and dysplasia eventually to gastric adenocarcinoma.? Further-
more, various studies reported an increased gastric cancer risk in patients with pre-malignant
gastric lesions.?*? However, best evidence for a significantly increased gastric cancer risk in
patients with pre-malignant gastric lesions was provided by a previous study from de Vries
et al.* In this nationwide cohort study in the Netherlands a gastric cancer risk of 0.8%, 1.8%,
3.9% and 32.7% for patients with atrophic gastritis, intestinal metaplasia, mild-to-moderate
dysplasia and severe dysplasia respectively was demonstrated within 10 years after initial
diagnosis.*® These findings indicated that gastric cancer screening may reduce mortality and
that upper gastrointestinal surveillance endoscopy needs to be considered in all patients
with severe pre-malignant gastric lesions.

Serological screening for pre-malignant gastric lesions

In Japan, the implementation of a nationwide mass screening program has led to the detec-
tion of gastric cancer at early stage.?>3'* With regard to cost-effectiveness and burden of pa-
tients, a nationwide screening program in countries with low gastric cancer incidence seems
less appropriate. In these countries a more targeted approach to detect patients at high risk
of gastric cancer is required.? Previous studies demonstrated that such a risk profile should
be based on epidemiological factors and serological screening.?*** Although for atrophic gas-
tritis, serological testing for a combination of serum markers has yielded accurate results, the
use of serological markers for the prediction of advanced pre-malignant gastric lesions such
as intestinal metaplasia and dysplasia showed low sensitivity and specificity.?>3° For these
reasons, new markers are necessary for the prediction of patients with high gastric cancer risk.

The common denominator of these serological markers is their release by specialized cells
of the stomach lining. Based on this characteristic, leptin has previously been identified as
potential new serological marker for pathological conditions of the stomach.***> However,
whether serum leptin levels can fulfill the role of a new serological marker in gastric carcino-
genesis remains unknown. Therefore, the fourth aim of this thesis was to evaluate whether
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serum leptin levels can serve as a new tool to identify patients at high risk of gastric cancer
(Chapter 5).

Endoscopic surveillance of pre-malignant gastric lesions

After screening, endoscopic surveillance of patients at high risk of gastric cancer could lead
to early detection of patients with disease progression. However, previous studies demon-
strated that current endoscopic surveillance of pre-malignant gastric lesions is discrepant
with the substantial gastric cancer risk of these lesions.* The golden standard for diagnosing
pre-malignant gastric lesions is histology of biopsy specimens. Although image quality of
endoscopy has improved dramatically over the past years, endoscopic evaluation of the
gastric mucosa correlates poorly with histological findings.***¢ Therefore, a diagnosis of pre-
malignant gastric lesions remains dependent on random biopsy sampling during conven-
tional white light endoscopy. New imaging techniques are required to improve the detection
of pre-malignant gastric lesions. For instance, the use of different narrow-band filters showed
an improved endoscopic accuracy in detection of gastrointestinal pre-neoplastic lesions, in
particular for colon and oesophagus.’* Whether these endoscopic techniques also show an
increased detection rate of pre-malignant gastric lesions remains unclear. The fifth aim of this
thesis was therefore to compare the yield of narrow-band imaging (NBI) over conventional
white light endoscopy in the surveillance of patients with advanced pre-malignant gastric
lesions (Chapter 6).

Histology of pre-malignant gastric lesions

Since a previous study demonstrated that less than 2% of patients with atrophic gastritis
and intestinal metaplasia will develop gastric adenocarcinoma within ten years, upper
gastrointestinal surveillance endoscopy is not indicated for all patients with pre-malignant
gastric lesions.*® Preferably, patients with high gastric cancer risk should be included in a
surveillance program. For that purpose, appropriate biopsy sampling at index endoscopy is
essential. These biopsies can be used as most important input for risk classification, either us-
ing a broad risk classification including epidemiological, clinical and serological parameters
as described previously, or using the recently proposed OLGA staging system.?**° This new
histological staging system proposed to grade patients with gastritis into stages with corre-
sponding gastric cancer risk.>' Further studies showed that this new staging system provides
relevant clinical information.*>> However, interobserver agreement for atrophic gastritis,
the major parameter of the OLGA staging system is low. In contrast, previous studies have
shown an excellent inter-individual agreement for the evaluation of intestinal metaplasia.>**¢
Although a histological staging system that identifies patients at high gastric cancer risk
is of great clinical importance, reproducibility of such a system is necessary. A histological
subclassification based on the severity and extent of intestinal metaplasia might yield more
reproducible results for the identification of patients at high gastric cancer risk than a stag-
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ing system based on gastritis. The sixth aim of this thesis was therefore to assess whether a
staging system based on intestinal metaplasia instead of atrophic gastritis may be preferred
to estimate gastric cancer risk (Chapter 7).

Gastric cancer risk in Lynch syndrome mutation carriers

Apart from gastric MALT lymphoma and pre-malignant gastric lesions, patients diagnosed
with the Lynch syndrome may also have an increased gastric cancer risk. The Lynch syndrome
is caused by germline mutations in four mismatch repair genes (MLH1, MSH2, MSH6 and
PMS2) and was formerly known as Hereditary Non-Polyposis Colorectal Cancer (HNPCC). The
specific mutations may result in a large spectrum of different tumours that can occur during
lifetime.>”*° These in particular include colorectal cancer and endometrial cancer with a high
lifetime risk, resulting in early surveillance for these types of tumours. Although gastric can-
cer also forms part of the Lynch syndrome tumour spectrum, clear incidence trends of gastric
cancer in Lynch syndrome mutation carriers are lacking.®'%* Moreover, the actual gastric can-
cer risk remains controversial in these subjects which is mainly a result of differences in study
design and included populations in previous studies.®**® For these reasons, clear surveillance
guidelines for gastric cancer are controversial or lacking in Western countries. The seventh
aim of this thesis was to evaluate whether surveillance of Lynch syndrome mutation carriers
is indicated in a Western population, by evaluating epidemiological time trends of gastric
cancer and cumulative and relative gastric cancer risk (Chapter 8).

Esophageal squamous cell carcinoma

Despite the role of H. pylori in gastric malignancies, previous studies also described a po-
tential role of H. pylori in the etiology of esophageal diseases.® A negative association was
demonstrated between H. pylori infection and the development of gastro-esophageal reflux
diseases and the related complications such as Barrett’s oesophagus or esophageal adeno-
carcinoma.”®’2In line with these observations, previous studies described an increased risk of
esophageal squamous cell carcinoma (ESCC) in patients with atrophic gastritis.”>”>* However,
a clear explanation for this increased risk has not been provided by previous studies.

The last aim of this thesis was to examine the relation between gastric atrophy and ESCC to
increase the understanding about the causality of this relationship (Chapter 9).

OUTLINE OF THIS THESIS

In chapter 2 of this thesis we address the role of genetic factors in H. pylori susceptibility in a
pilot genome-wide association study. The following chapters report about the possible long-
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term consequences of H. pylori infection. In chapter 3 and 4 we describe the epidemiology
and gastric cancer risk in patients with gastric MALT lymphoma and we further differentiate
between gastric MALT lymphoma patients with and without a subsequent diagnosis of gas-
tric cancer to evaluate the prevalence of pre-malignant gastric lesions. In chapter 5 to 7, new
screening, surveillance and histological grading strategies are described for patients with
pre-malignant gastric lesions. In chapter 8, the epidemiology and gastric cancer risk in Lynch
syndrome mutation carriers is described and in chapter 9 the association between H. pylori
and esophageal squamous cell carcinoma is further explored.
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Chapter 2

ABSTRACT

Background: Helicobacter pyloriinfection affects at least half the world’s population. Important
risk factors for acquiring H. pylori are associated with low socioeconomic status. Genetic fac-
tors also seem to play a role in H. pylori susceptibility, as illustrated by a previous observation
that dizygotic twins had a lower concordance for H. pylori status than monozygotic twins.
However, specific associations between genetic polymorphisms and the host that influence
the acquisition of H. pylori are unknown. We therefore performed a genome wide association
study (GWAS) to identify hypothetical associations between host genetic polymorphisms
and H. pylori infection.

Methods: We performed a Genome Wide Association analysis using 900,000 single nucleotide
polymorphisms (SNPs) in a discovery cohort of 509 Caucasian women in the Rotterdam Study.
We then evaluated the 40 most promising SNPs (association with H. pylori-status p<10®) in
a replication cohort of 496 subjects from the Netherlands. Serum H. pylori antibodies were
measured using commercial enzyme immunoassays.

Results: In total, 169 H. pylori-positive women and 340 H. pylori-negative women (median age
62 years, SD) were included in the discovery cohort. The replication cohort (M/F 250/246,
96% Caucasians, age 55 years (SD 15.1)) consisted of 108 H. pylori-positive cases and 388 H.
pylori-negative controls. We identified compelling genome-wide evidence for an association
between H. pyloriinfection and one SNP (rs17015126 on chromosome 2; minor alle frequency
(MAF) 0.07; combined p-value=2.8 x 107). In addition to this SNP, there was a suggestive
genome-wide association for two other SNPs (rs1816653 on chromosome 2 and rs1939842
on chromosome 11; MAF 0.08 and MAF 0.44 and combined p-values p=2.6 x 10° and p=2.9
x 107, respectively). All three SNPs reside in unannotated regions of the chromosome and no
genes were identified in the LD blocks of the SNPs. The nearest gene for both rs17015126 and
rs1816653 on chromosome 2 is the leucine-rich repeat transmembrane neuronal 4 (LRRTM4)
gene at a distance of >700kb. For rs1939842 the nearest gene is the loss of heterozygosity
LOH11CR2A gene at a distance of 19 kb.

Conclusions: Although the precise identity of the underlying loci of the genome-wide as-
sociated SNPs remains elusive and the function of the nearest genes is uncertain, our study
provides compelling evidence for the existence of at least one genetic region (rs17015126 on

chromosome 2) that may play a role in H. pylori susceptibility.
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INTRODUCTION

Helicobacter pylori infection is the commonest chronic bacterial infection worldwide and af-
fects at least half the world’s population.' Although in industrialised countries the prevalence
is decreasing, H. pylori colonization still remains common in these countries, particularly
among those above 50 years of age.'*

H. pylori causes in virtually all infected subjects a chronic inflammation of the gastric mu-
cosa, which can progress to peptic ulcer disease, and in some 3% to gastric adenocarcinoma
or mucosa-associated lymphoid tissue (MALT) lymphoma.>* Why only this small proportion
of patients develops malignant disease and others do not, has been widely investigated.
The majority of these previous studies have focused on the correlation between H. pylori
and its related diseases. It is now clear that among other factors, host and bacterial genetic
polymorphisms play an important role in H. pylori infection and gastric cancer risk.2 However,
relatively few studies have focused on the potential role of genetic factors in the acquisition
and persistence of H. pylori.

The rate of acquisition varies between developing and industrialised countries. The preva-
lence of H. pylori infection in industrialised countries is low, in particular in children. In con-
trast, more than 90% of children in various developing countries are infected by H. pylori by
the age of 10 years, and colonization with multiple strains is common.*® Nevertheless, some
5-10% of the population does not become colonized with H. pylori infection despite apparent
heavy colonization pressure.’ This observation indicates that genetic factors may play a role
in H. pylori susceptibility. The best evidence that genetic factors influence the susceptibility
to H. pylori was reported by Malaty et al in a seminal paper demonstrating that the proband-
wise concordance rate for H. pylori infection was significantly higher in monozygotic than in
dizygotic twin pairs, with a heritability estimate of 57%."

Although these data demonstrate that host genetic factors influence the acquisition of H.
pylori, the underlying specific associations remain unclear. As genetic polymorphisms play
an important role in H. pylori and its related clinical diseases, we assumed that specific host
genetic polymorphism also influence the susceptibility to H. pylori. Therefore, we undertook
a pilot Genome Wide Association Study (GWAS) to identify the association between host
genetic polymorphisms and H. pylori infection and we replicated the associated genetic
polymorphisms to confirm the association.
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METHODS

Patient selection

This study was based on two cohorts. In the discovery cohort, a Genome Wide Association
study was performed in 509 participants, all of whom were selected from the Rotterdam
Study Population. A detailed description of the design and objective of the Rotterdam
Study has been described elsewhere.'? Briefly, the Rotterdam Study is a population based-
prospective study of 7983 subjects aged 55 years and older residing in Ommoord, a suburb
of Rotterdam, that aims to assess the occurrence and determinants of chronic diseases. The
509 selected participants were unrelated women aged between 60 and 75 years of Caucasian
European ancestry.

In the replication cohort, which consisted of 496 participants, subjects > 18 years were
included, who were identified through general practitioner centers in Rotterdam. Subjects
with a history of a gastrointestinal malignancy were excluded. All participants provided writ-
ten informed consent.

Serologic markers

Serum was collected from all subjects. The samples were collected in serum tubes and stored
in aliquots at -80°C until analysis. H. pylori antibodies were measured using commercial
enzyme immunoassays (Orion Diagnostica). The test was performed according to the instruc-
tions of the manufacturers.

Sequenom iPLEX and Tagman Allelic Discrimination genotyping

Genomic DNA was extracted from serum samples to standard procedures. 1-2 ng genomic
DNA was dispensed into 384-wells plates using a Caliper Sciclone ALH3000 pipetting robot
(Caliper LS, Mountain View, CA, USA). Genotyping was done using Sequenom iPLEX genotyp-
ing and Tagman Allelic Discrimination.

Multiplex PCR assays were designed for the Sequenom iPLEX genotying using Assay De-
signer on the website (https://mysequenom.com/tools/genotyping/default.aspx). For this,
sequences containing the SNP site and at least 100 bp of flanking sequence on either side of
the SNP were used. Briefly, 2 ng genomic DNA was amplified in a 5 ul reaction containing 1 x
Taq PCR buffer (Sequenom), 2 mM MgCl,, 500 uM each dNTP, 100 nM each PCR primer, 0.5 U
Taq (Sequenom). The reaction was incubated at 94°C for 4 minutes followed by 45 cycles of
94°C for 20 seconds, 56°C for 30 seconds, 72°C for 1 minute, followed by 3 minutes at 72°C.
Excess dNTPs were then removed from the reaction by incubation with 0.3 U shrimp alkaline
phosphatase (Sequenom) at 37°C for 40 minutes followed by 5 minutes at 85°C to deactivate
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the enzyme. Single primer extension over the SNP was carried out in a final concentration
of between 0.731 uM and 1.462 uM for each extension primer (depending on the mass of
the probe), iPLEX termination mix (Sequenom), 10x iPLEX Buffer Plus and iPLEX enzyme
(Sequenom) and cycled using the following program; 94°C for 30 seconds followed by 94°C
for 5 seconds, 5 cycles of 52°C for 5 seconds, and 80°C for 5 seconds, the last three steps were
repeated 40 times, then 72°C for 3 minutes. The reaction was then desalted by addition of
6 mg clear resin (Sequenom) followed by mixing (15 minutes) and centrifugation (5 min,
3,000rpm) to settle the contents of the tube. The extension product was then spotted onto
a 384 well spectroCHIP using the SEQUENOM MassARRAY Nanodispenser RS1000 before
analysis on the MassARRAY Compact System (Sequenom). Data collection was performed
using SpectroACQUIRE 3.3.1.13 and clustering was called using TYPER Analyzer 4.0.3.18 (Se-
quenom). Additionally, to ensure data quality, genotypes for each subject were also checked
manually.

Genotypes for rs6861203, rs942871, and rs1816653 were generated using Tagman Allelic
Discrimination (Applied Biosystems Inc., Foster City, CA, USA). All assays were available at
www.appliedbiosystems.com as pre-designed assays. The PCR reaction mixture included 1-2
ng of genomic DNA in a 2 pl volume and the following reagents: FAM and VIC probes (200
nM), primers (0.9 uM), 2x Tagman PCR master mix (Applied Biosystems Inc., Foster City, CA,
USA). Reagents were dispensed in a 384-well plate using the Deerac Equator NS808 (Deerac
Fluidics, Dublin, Ireland). PCR cycling reaction were performed in 384 wells PCR plates in an
ABI 9700 PCR system (Applied Biosystems Inc., Foster City, CA, USA) and consisted of initial
denaturation for 15 minutes at 95° C, and 40 cycles with denaturation of 15 seconds at 95°
C and annealing and extension for 60 seconds at 60° C. Results were analysed by the ABI
Tagman 7900HT using the sequence detection system 2.22 software (Applied Biosystems
Inc., Foster City, CA, USA).

Statistical analysis

For quality control all SNPs with a call rate <97.5%, and SNPs deviating from Hardy-Weinberg
equilibrium with a p<0.00001, were excluded from the analysis. Odds Ratios (ORs) and p-
values were calculated using PLINK." Inclusion criteria for replication were: 1. an association
with H. pylori infection with a p value of < 1x10*% 2. an r? <0.9; and 3. a minor allele frequency
(MAF) of > 0.05. Odds ratios for each replicated SNP were estimated using logistic regression.

SNPs that showed an association with H. pylori with a p-value < 0.05 in the replication
cohort, were defined as ‘top associated SNPs'. For these SNPs, Odds ratios and p-values were
combined in a fixed effects meta-analysis and the association to H. pylori for these particular
SNPs was evaluated for the total cohort (n=1005) using Comprehensive meta-analysis 2.0
(Biostat, Englewood, NJ, USA).
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RESULTS

In total, 509 subjects were included in the discovery cohort and 496 subjects were included
in the replication cohort. Subject characteristics of the discovery and replication cohort are
shown in Table 1. Significantly more females were included in the discovery cohort in com-
parison to the replication cohort (p<0.001). Overall, the discovery cohort consisted of 169
H. pylori-positive women and 340 H. pylori-negative women whereas the replication cohort
consisted of 108 H. pylori-positive subjects and 388 H. pylori-negative subjects.

Table 1. Baseline characteristics of the discovery and replication cohort

Discovery cohort Replication cohort

n % n %
Total 509 496
Gender
- Male - - 250 50
- Female 509 100 246 50
Median age (SD) 62 55(15.1)
Ethnicity
- Caucasians 509 100 478 96
- Non-Caucasians - - 18 4
H. pylori
- Positive 169 33 108 22
- Negative 340 67 288 88
SNP detection

After quality control, 425,174 SNPs were available from the Affymetrix SNP data and 535,456
SNPs from the lllumina beadarray. Figure 1 shows the Manhattan plots for the Affymetrix data
(Figure 1a) and lllumina data (Figure 1b). In total, 30 SNPs on the Illumina array and 45 SNPs in
the Affymetrix dataset showed a p-value of < 1x10* corresponding to 38 different loci with 12
loci having multiple significant SNPs. From these 75 SNPs, 24 SNPs were excluded since the r?
was > 0.9, of the remaining 51 SNPs, 9 SNPs had a MAF of < 0.05.

In total, 42 SNPs were included for replication. Thirty-nine SNPs were genotyped using the
Sequenom Assay and three SNPs using the Tagman Assay in the 496 subjects included in the
replication cohort. Two SNPs failed genotyping, for the remaining 40 SNPs odds ratios and
p-values were evaluated.
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Figure 1a. Manhattan plot of Affymetrix data: Association to H. pylori of 425,174 SNPs
Legend: Red line: p value = 1x 10-4; Blue line: p value = 0.05.
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Figure 1h: Manhattan plot of lllumina data: Association to H. pylori of 535,456 SNPs
Legend: Red line: p value = 1x 10-4; Blue line: p value = 0.05.

Top-associated SNPs

Three SNPs in two loci demonstrated a significant association with H. pylori infection in the
replication cohort (p < 0.05) (Table 2). All resided in unannotated regions, two on chromo-
some 2 (rs17015126 and rs1816653) and one on chromosome 11 (rs1939842). For these SNPs
combined p-values and odds ratios were calculated for the total cohort (n=1005). All three
SNPs showed suggestive genome-wide associations with H. pylori with an OR of 2.5 (95%
Cl 1.7-3.5; p = 2.8 x 10-7) for rs17015126, an OR of 2.7 (95% Cl 1.7-4.4; p = 2.6 x 10-5) for
rs1816653, respectively 0.6 (95% Cl 0.5-0.8; p = 2.9 x 10-5) for rs1939842 (Table 2).

The nearest genes and genes within the LD-blocks for the two different loci were evaluated.
SNPs rs17015126 and rs1816653 on chromosome 2 are located >700kb from the leucine rich
repeat transmembrane neuronal 4 (LRRTM4) gene. For rs1939842, the nearest genes were
the loss of heterozygosity (LOH) LOH11CR2A gene at a distance of 19 kb and the olfactory
receptor (OR) genes; OR10G4, OR10G7, OR10G8 and OR10G9 at a distance of 100 to 200kb.

31



Chapter 2

Table 2. Top associated SNPs

Discovery cohort Replication cohort Overall*
SNP Chromo-  Position Minor MAF  OR p-value  MAF  OR p-value  OR p-value

some allele (95% CI) (95% CI) (95% CI)

1s17015126 2 78432575 A 007 26 38x10-5 005 22 23x10-3 25 28x10-7
(1.7-4.2) (1.3-3.8) (1.7-3.5)

151816653 2 78330723 C 008 36 87x10-5 003 21 23x10-2 27 26x10-5
(1.8-7.0) (1.1-4.1) (1.7-4.4)

rs1939842 11 123471842 C 044 06 87x10-5 038 0.7 54x10-2 0.6 29x10-5
(0.4-0.7) (0.5-1.0) (0.5-0.8)

Legend: MAF: Minor Allele Frequency, OR: Odds Ratio, *Overall: OR and p-value for an association with H. pylori in the total cohort (n=1005).

DISCUSSION

Previous studies have investigated environmental and virulence factors for H. pylori suscep-
tibility and its related diseases for years. However, for genetic factors that influence H. pylori
susceptibility evidence is lacking. Moreover, it seemed impossible to separate genetic factors
from environmental factors. Therefore specific associations between polymorphisms of the
host and susceptibility to H. pylori are unknown. Our study shows for the first time consider-
able genome wide evidence for an association between host genetic factors and H. pylori
susceptibility.

The two associated loci have not been described in previous studies concerning H. pylori
and host genetics. These studies rarely focused on infection susceptibility, but mostly on
disease outcome in the presence of infection. The majority of these studies investigated the
link between SNPs in genes that regulate the inflammatory responses against bacteria, in
particular genes that may have an effect on the unique features of H. pylori, i.e. flagella to
swim in mucus, tight adhesions that bind to epithelial cells and neutralizing of gastric acid
by urease.> " For instance, previous studies described that H. pylori-positive individuals with
SNPs in genes encoding for ILT have been at increased risk of developing hypochlorhydria,
atrophic gastritis and eventually gastric cancer.> ' ' Besides this increased risk, IL1 polymor-
phisms were also reported to contribute to increased host susceptibility to H. pyloriin a large
cohort of Chinese adults.” The investigators hypothesized that this increased susceptibility
was due to the reduced gastric acid secretion and probably improved spread and distribution
of H. pylori throughout the stomach.' In contrast, a prospective study on H. pylori susceptibil-
ity in Jamaican mothers and children demonstrated that of 17 loci identified in 11 genes
only the polymorphism at IL1a correlated with a lower risk of H. pylori in Jamaican children."”
Since we investigated the role of genetic factors in H. pylori susceptibility in a genome wide
manner without a focus limited to specific SNPs, our findings may result in new insights in
basic research for susceptibility to H. pylori infection.

The function of the two newly discovered loci remains less clear. The loss of heterozygos-
ity (LOH) gene near rs1939842 is located on chromosome 11 in the 11923-g24 region. This
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region has been identified as a region frequently deleted in a variety of tumours, including
breast, lung and ovarian tumours, which suggests the existence of a tumour suppressor gene
at this locus.”® None of the previous studies described an association between this region and
H. pylori infection or gastric cancer.

Other genes near rs1939842 were genes encoding for olfactory receptors (OR). At pres-
ent, 390 putative, functional, protein-encoding olfactory receptor (OR) genes have been
described. In addition, some 465 OR pseudogenes have been identified, which are located
on multiple chromosomes, but so far mainly without identified function.’ In addition, little
is known about the function of olfactory receptors in the gut and to our knowledge, none
of the studies on olfactory receptor genes described an association between these genes
and H. pylori susceptibility. Both rs17015126 as well as rs1816653 were located >700kb from
the leucine rich repeat transmembrane neuronal 4 (LRRTM4) gene. Although no correlations
between this gene and H. pylori have been reported, a previous study described that the
extracellular leucine rich repeat proteins may play a role in neural development, innate
immunity and inflammation.? Our results could therefore provide novel insights in the H.
pylori susceptibility and basic research is necessary to confirm our genome wide associa-
tion and provide functional evidence supporting the hypothesis that the LRRTM4 gene, the
LOH11CR2A gene or the olfactory receptor genes are to some extent involved in H. pylori
susceptibility.

Although this study provides suggestive genome wide evidence for an association between
two loci and H. pylori susceptibility, potential limitations of this study warrant consideration.

Firstly, to provide consistent genome wide evidence, larger populations of cases and con-
trols and combination of genome wide results of similar studies are necessary. Nevertheless,
given the paucity of literature on genetic polymorphisms regulating H. pylori susceptibility
and the difficulties to collect DNA and provide genome wide evidence, our study is a first
step towards clarification of H. pylori susceptibility. Secondly, significant differences existed
between our discovery and replication cohort. In particular, gender differences were consid-
erable as the discovery cohort consisted of only women. However, since a previous Dutch
study demonstrated that the prevalence of H. pylori was not significantly different between
male and female healthy blood donors and since our results do not correlate H. pylori status
with gender-related genetic factors, we are confident that the results found in the female
discovery cohort can also applied to males and the difference between these cohorts are
therefore justified.”!

In conclusion, although the identity of the underlying loci of the Genome-Wide Associated
SNPs remains elusive and the function of the nearest genes is obscure, our study provides
compelling evidence for the existence of at least one genetic region (rs17015126 on chromo-
some 2) that may play a role in H. pylori susceptibility.
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ABSTRACT

Background: Gastric marginal zone non-Hodgkin lymphomas MALT type (QMALT) and gastric
adenocarcinomas (GC) are long-term complications of chronic Helicobacter pylori gastritis,
however, the incidence of gMALT and the GC risk in these patients is unclear.

Objective: To evaluate epidemiological time trends of gMALT in the Netherlands and to esti-
mate GC risk.

Methods: Patients with a first diagnosis of gMALT between 1991 and 2006 were identified in
the Dutch nation-wide histopathology registry (PALGA). Age-standardised incidence rates
were calculated. The incidences of GC in patients with gMALT and in the Dutch population
were compared. Relative risks were calculated by a Poisson Model.

Results: In total, 1419 patients were newly diagnosed with gMALT, compatible with an inci-
dence of 0.41/100,000/year. GC was diagnosed in 34 (2.4%) patients of the cohort. Patients
with gMALT had a sixfold increased risk for GC in comparison with the general population
(p < 0.001). This risk was 16.6 times higher in gMALT patients aged between 45 and 59 years
than in the Dutch population (p < 0.001).

Conclusions: GC risk in patients with gMALT is six times higher than in the Dutch population
and warrants accurate re-evaluation after diagnosis and treatment for gMALT.
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INTRODUCTION

Helicobacter pylori causes chronic inflammation of the gastric mucosa in virtually all infected
subjects. This inflammatory process can progress through the pre-malignant stages of atro-
phic gastritis, intestinal metaplasia and dysplasia to gastric adenocarcinomas.'? As such, H.
pylori infection is the most important risk factor for the development of gastric adenocarci-
nomas. Although, the incidence of gastric cancer is declining in the Western world, gastric
cancer remains the 4th most common cancer and second leading cause of cancer-related
death worldwide.>* The declining incidence of gastric cancer in Western countries is similar
to the declining incidence of peptic ulcer disease, attributed to the declining H. pylori preva-
lence.’¢

In addition, H. pylori infection has increasingly been recognised in the pathogenesis of
gastric mucosa-associated lymphoid tissue lymphomas (gMALT).”# Although gMALTs are also
strongly associated with H. pylori infection, the incidence of this condition has, in contrast to
the gastric cancer incidence, been reported to increase.®'? It is controversial whether this is a
true increase with a shift in outcomes of H. pylori infection. Alternatively, changes in the num-
ber of endoscopic procedures, biopsy sampling protocols and histological criteria could have
influenced the number of diagnoses.'? Progression of low-grade gMALT is slow, and H. pylori
eradication alone leads to partial or complete remission in 60-80% of patients, in particular
those without a specific API2-MALT1 t(11;18) chromosomal translocation.?' On the contrary,
gastric cancer is usually diagnosed at an advanced stage with only limited curative options
and consequently a low 5-year survival rate. Although both conditions are long-term compli-
cations of chronic H. pylori infection, the potential interrelation is unclear and it is controver-
sial whether gastric cancer risk is increased in patients with gMALT. Previous case series and
small cohort studies described the occurrence of adenocarcinomas simultaneously or during
follow-up of gMALT,'*'® however, other studies could not confirm these observations.”'*?' In
addition, a recent study observed increased progression of pre-malignant gastric lesions in
patients with gMALT as compared to patients with non-complicated gastritis.”> On the basis
of these contrasting data and in the absence of long-term data in larger cohorts, the risk for
gastric cancer in patients with gMALT remains unclear.

Therefore, the aim of this study was to evaluate epidemiological time trends of gMALT in

the Netherlands and to evaluate gastric cancer risk in patients with a diagnosis of gMALT.
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METHODS

Histopathology database

In the Netherlands, all histopathology and cytopathology reports are collected in a national
archive (PALGA database), which has nation-wide coverage since 1991.%2 Patients in this
database are identified by date of birth, gender and the first four characters of their family
name. Though sometimes identities of two patients are falsely matched, this identification
string enables the linkage of different tests belonging to the same patient, and therefore
also to follow individual testing histories (dates and diagnoses) irrespective of the facility of
treatment.?

All specimens receive a diagnostic code, similar to the Systematised Nomenclature of
Medicine (SNOMED) classification of the College of American Pathologists.? This code con-
sists of a term indicating the anatomical location, type of sample and a morphological term
describing the finding. The records in the database contain these codes and the summary
of the pathology report. In this study, data recorded in the PALGA database between 1991
and 2006 were included. For each report, gender, date of birth, date of pathology report,
summary text and diagnostic codes were made available.

Patient selection

All patients with a histologically confirmed diagnosis of gMALT were identified in the data-
base. The diagnostic codes that were used to identify the patients with gMALT are described
in Appendix. To evaluate the incidence of gMALT in different age classes, incidence numbers
in different periods were calculated within the 5-year age groups. The ratio of the number of
new patients with a positive biopsy for gMALT to the number of new patients with a first time
gastric biopsy was calculated, in order to correct for possible changes in frequency of upper
gastro-intestinal endoscopies with biopsy sampling.

Within the cohort of patients with a gMALT, all patients with a histologically confirmed
diagnosis of gastric cancer were identified. Timing of gastric cancer diagnosis was evaluated
with regard to diagnosis of gMALT. In this evaluation, patients with a gastric cancer diagnosis
simultaneously with, or within one year prior to or after diagnosis of gMALT were considered
concomitant diagnoses.

In addition, all patients with a diagnosis of atrophic gastritis, intestinal metaplasia or dys-
plasia prior to, simultaneous with, or after the diagnosis of gMALT were identified.
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Statistical analysis

Age-standardised incidence rates (World standardised rate, WSR) of histologically confirmed
gMALT were evaluated for the study period. To compare categorical and continuous variables
between patients with low, intermediate to high and undefined grade gMALT, x*-tests, t-tests
and one way ANOVA tests were used, considering a two-sided p-value <0.05 as statistically
significant.

To calculate the relative risk of gastric cancer in patients with gMALT, the incidence of
gastric cancer observed in patients with gMALT was compared to the incidence of gastric
cancers in the general Dutch population from 1991 to 2006 and aggregated over age and sex.
As the PALGA registry does not contain date of death of patients, unless an autopsy had been
performed, the person-years at risk would be overestimated. Therefore, we imputed death
to get a correct estimate of the number of person-years at risk for all patients that did not
develop gastric cancer during follow-up. Starting from the calendar year, age and gender of
the persons, we collected the survival data from the general Dutch population for ever open-
ended follow-up. Drawing from a binomial distribution for every year then yielded a dataset
with an approximately unbiased number of years-at-risk. The number of patients is large,
but we tried multiple imputation, that did not change the results, as was to be expected.
The incidence of gastric cancer in the Dutch population was calculated on the basis of the
total number of gastric cancers registered in the PALGA database and the midyear Dutch
population.?® A Poisson Model, corrected for age categories, gender and calendar year, was
used for calculating the relative risks and 95% confidence intervals (Cls).

RESULTS

Between 1991 and 2006, 1419 patients were newly diagnosed with gMALT, 972 patients
were initially diagnosed with a low-grade lymphoma, 357 patients with an intermediate to
high-grade lymphoma and in 90 patients the grade of the lymphoma was undefined (Table
1). Within the group of patients with a low-grade lymphoma, 32 (3.3%) patients developed a
high-grade lymphoma within 1 to 8 years.

Table 1. Baseline characteristics

Total Low grade Intermediate to high grade  Undefined grade
Number of patients with gastric 1419 972 (68.5%) 357 (25.2%) 90(6.3%)
MALT lymphoma
Male/Female (%) 51.9/48.1 51.3/48.7 53.5/46.5 52.2/47.8
Age
Median (yrs) 68.0 67.0 70.6 68.7
Percentile 25" and 75™ 57.6/76.7 57.1/754 58.9/78.7 57.1/76.2
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Epidemiology

Overall, the mean age of patients at diagnosis of gMALT was 66.1 (SD 14.1) years (range
13.7-98.2 years), and the peak incidence of gMALT both in men and women was between
70 and 74 years (Fig. 1). The proportion of male to female patients in the cohort was 51.9 to
48.1% (Table 1). No significant differences in male to female ratios were observed between
patients with low-grade, intermediate to high-grade or undefined grade gMALT (p = 0.78).
Patients with an initial diagnosis of low-grade gMALT (median age 67.0 years) were signifi-
cantly younger compared to patients with intermediate to high-grade gMALT (median age
70.6 years) (p = 0.002). Age at diagnosis was significantly higher in females as compared to
males, both in patients with low-grade gMALT (p = 0.03) and intermediate to high-grade
gMALT (p = 0.001).
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Figure 1. Age at gastric MALT lymphoma diagnosis

Over the whole study period, the average number of new diagnoses of gMALT was 88.7
cases per year, and the age standardised incidence rate was 0.41 per 100,000 per year (WSR)
(Fig. 2). This incidence was not stable over the total study period. At first, the incidence of
gMALT increased with 5.8% (95% Cl 1.9-9.9%) per year in the period from 1991 to 1997. This
was followed by an annual 8.8% (95% Cl 6.2-11.4%) decline until 2006 (Fig. 2). Altogether, this
corresponded with an annual WSR of 0.28 per 100,000 in 1991, increasing to a maximum of
0.72in 1997, followed by a decrease to 0.27 in 2006. Gastric MALT lymphoma was diagnosed
significantly more often in the period from 1991 to 2000 as compared to the period from
2001 to 2006 (p < 0.001).
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Figure 2. The incidence of gastric MALT lymphoma (WSR, World Standardised Rate) in the Netherlands

Gastric cancer risk

In total, 34 (2.4%) gMALT patients (18 males, 16 females) were diagnosed with gastric cancer
at a median age of 72.0 years (SD 9.6). This comprised 2.7% of 1244 patients in whom no
gastrectomy was performed after diagnosis of gMALT. Gastric cancer was diagnosed prior to
the diagnosis of gMALT in 3 (8.8%) patients, in 18 (52.9%) patients both malignancies were
diagnosed simultaneously (i.e. within a time frame of one year), and in 13 (38.2%) patients
gastric cancer was diagnosed more than one year after the gMALT diagnosis (Table 2). The
median interval between gastric cancer and gMALT in patients with gastric cancer develop-
ment after diagnosis of gMALT was 6.0 (range 1.1-7.4) years.

Details on stage of gastric cancer were provided in 15 (44%) patients. Five (15%) patients
were diagnosed at a stage of early gastric cancer, however, in 10 (29.4%) patients the tumour
was already invading the lamina propria, submucosa or beyond. In addition, lymph nodes

Table 2. Gastric MALT lymphoma and gastric cancer diagnosis

Total Low grade Intermediate to high grade  Undefined grade
Timing of gastric cancer
diagnosis
Prior to MALT lymphoma (%) 3(8.8) 3(10.7) 0 0
Concomitant with MALT
lymphoma (%) 18(52.9) 16(57.1) 1(20.0) 1(100)
After MALT lymphoma (%) 13(38.2) 9(32.1) 4(80.0) 0
Male/Female (%) 52.9/47.1 60.7/39.3 20.0/80.0 0/100
Age
Median (yrs) 720 73.2 70.2 72.2
Percentile 25" and 75* 65.5/78.7 64.2/78.2 61.0/86.9
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were involved in 4 (11.8%) patients, as demonstrated by histological evaluation after gastric
resection.

Overall, the study population contained 440 (31%) patients with a diagnosis of a pre-ma-
lignant gastric lesion prior to, simultaneously with, or after the diagnosis of gMALT, of which
65 (4.6%) patients were diagnosed with atrophic gastritis, 302 (21.3%) patients with intestinal
metaplasia and 73 (5.1%) patients with dysplasia. In 21% of these patients a diagnosis of
atrophic gastritis, intestinal metaplasia or dysplasia preceded the diagnosis of gastric cancer.

Gastric cancer risk was not significantly different between patients with low, intermediate
to high or undefined grade gMALT (p = 0.21). In addition, no significant differences in gastric
cancer risk were demonstrated between male and female patients (p = 0.91).

Overall, patients with a diagnosis of gMALT were at a six times higher risk of developing
gastric cancer as compared to the general Dutch population (Table 3). Males with gMALT had
a 4.4 times higher risk as compared to the general population (p < 0.001), whereas females
had a 10.0 times higher risk (p < 0.001). The relative risk of gastric cancer was significantly
higher in female patients with a gMALT as compared to male patients (p = 0.02). However, the
absolute risk of gastric cancer for males and females older than 45 years was not significantly
different (respectively, 4.0/1000 person-years and 4.3/1000 person-years; p = 0.81). Gastric
cancer risk was 16.6 times increased in patients aged between 45 and 59 years as compared
to the general Dutch population (p < 0.001), 10-fold increased in patients aged between 60
years and 74 years and threefold increased in those above 74 years (Table 3). These differ-
ences in relative risk for the age groups were significant (p = 0.004). However, the absolute
gastric cancer risk in patients with gMALT did not differ between those aged 45 to 59 years
and those above 59 years (p = 0.07).

Table 3. The relative risk of gastric cancer (GC) in patients with gastric MALT lymphoma (gMALT) as compared to the general Dutch population.

GCin Dutch GCingMALT  Relativerisk 95%Cl P value for
population patients difference
Overall 36577 30 6.11 [4.28-8.72]
Sex Male 22778 15 4.39 [2.65-7.28] 0.02
Female 13799 15 10.04 [6.07-16.60]
Age at 45-59 yrs 6229 5 16.64 [5.45-50.80] 0.004
baseline 60-74yrs 15253 17 10.64 [6.52-17.4]
>75yrs 13666 8 343 [1.91-6.13]

DISCUSSION

First of all this study provides long-term nation-wide data on the incidence of gMALT in a
Western population. It shows an overall incidence of gMALT of approximately 0.4/100,000/
year. Secondly, our data show that this incidence has considerably changed over the past
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18 years, initially increasing between 1991 and 1997, which was followed by a rapid decline.
Thirdly, we provide long-term data that confirm the suggestion from previous case reports
that gMALT patients have a considerably higher gastric cancer risk than the general popula-
tion. In most cases, gastric cancer is diagnosed within one year prior to or after the diagnosis
of gMALT. Therefore, on the basis of our data, accurate evaluation of gMALT seems to be
warranted for a diagnosis of gastric cancer concomitantly or after the diagnosis of gMALT.

Our data demonstrate that gMALT is a relatively rare disease in a Western population.
Previous studies in Western countries have demonstrated incidences varying between
0.21/100,000 (England) and 13/100,000 (Italy).>?** These differences are probably explained
by differences in the prevalence of H. pylori between the studied populations, study power
based on the magnitude of the study population, the period of follow-up and the timing of
the study.>??® In our population, a diagnosis of gMALT was not extremely rare as approxi-
mately 0.2% of the total number of patients with a first gastric biopsy over the study period
were diagnosed with a gMALT.

Previous studies described an increasing incidence of gastric lymphomas in contrast to
the declining incidences of H. pylori infection, peptic ulcer disease, atrophic gastritis, intes-
tinal metaplasia and gastric adenocarcinomas.>®'> Our data similarly demonstrate that the
incidence of gMALT increased from 1991 to 1997, but decreased rather rapidly thereafter.
The initial increase is probably related to the increasing interest in this diagnosis after the dis-
covery of an association between H. pylori infection and gMALT in 1991.8The importance of H.
pylori as risk factor for MALT lymphoma was confirmed by the regression of low-grade MALT
lymphoma after H. pylori eradication.'*?* Thereby, gMALT became an infection-associated ma-
lignant disease.? This led in a change of primary treatment strategy from chemoradiotherapy
and surgery to H. pylori eradication therapy. This major change may have contributed to an
increase in the number of new cases diagnosed with gMALT during those years. Furthermore,
improved endoscopic and histological diagnostic procedures may also have contributed to
the increasing incidence of gMALTs.2%32 For several years, all non-Hodgkin lymphomas (NHLs)
were classified following the Working Formulation (WF) in low-grade and high-grade lym-
phomas. This working formulation did not include several morphologic and clinical distinct
entities, including gMALT. Consensus for a more multifaceted approach to NHLs was reached
in a revised European-American lymphoma (REAL) classification in 1993, which recognised
the mucosa-associated lymphomas.?* Thereafter, gMALTs were considered a specific entity.?
Currently their incidence is rapidly declining. This decline is likely in part related to the current
decline in the prevalence of H. pylori in Western countries. However, the decline of incidence
of gMALT is much more rapid than the declining H. pylori prevalence.>3** Therefore, other
factors must additionally play a role and need to be further investigated.

Although several case series were published on synchronous and metachronous occur-
rence of both gastric cancer and gMALT, it remained unclear whether gastric cancer risk was
increased in gMALT patients compared to the general population.'#16193¢38 Qur study dem-
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onstrates this risk is indeed about six times increased (Table 3). The absolute risk was equal
in male and female gMALT patients, which contrasts with the general population, where the
risk for gastric cancer is considerably higher in men. Thus, the relative risk of gastric cancer
in MALT patients is higher in women than in men. Similarly, the gastric cancer risk was the
same in younger and elderly gMALT patients, and thus the relative risk for gastric cancer
was significantly higher in younger MALT lymphoma patients (Table 3). The relative risks of
gastric cancer after a diagnosis of gMALT described in our study could even be higher since
gastrectomy was performed in 175 patients after diagnosis of a gMALT, in particular in the
early years when H. pylori eradication was not yet an accepted treatment method.

As patients with gastric MALT lymphoma are already at an increased risk of developing
gastric cancer by being H. pylori positive, a further comparison between H. pylori-positive
subgroups is essential. Previous studies demonstrated that H. pylori infection increased
gastric cancer risk at least twofold resulting for H. pylori-positives in an estimated lifetime
risk for gastric cancer of approximately 1%.3% In addition, we recently published a study
describing the risk of gastric cancer in a large cohort of patients with atrophic gastritis and
intestinal metaplasia, which occurs like MALT lymphoma against a background of H. pylori
infection. This study demonstrated that within ten years of follow-up the gastric cancer risk in
these subjects with a pre-neoplastic condition varied between the two and three percent.*
This background supports the conclusion that patients with gMALT are at increased risk for
gastric cancer compared to H. pylori-positive subjects, and that this risk is in fact very similar
to patients with atrophic gastritis and intestinal metaplasia.*'

In 38% of patients with diagnosis of gastric cancer, gastric cancer was diagnosed after
gMALT with a median interval of 6.0 years (range1-7). This interval is similar to the interval
observed in a review of previous cases on metachronous occurrence of gMALT which re-
ported 6 months to 5 years.'* However, the exact period between diagnosis of a gMALT and
cancer or remission is difficult to interpret, since different histological scoring systems have
been used to evaluate lymphoma response to therapy over the past decade.®** As these
grading systems demonstrated low interobserver reproducibility, a new grading system
based on evaluation of diagnostic features of lymphoepithelial changes was put forward.*
According to this grading system, a recent study described a favourable disease course of
patients treated with H. pylori eradication, after 42.2 months of follow-up, in which one-third
of the patients went into complete remission.?"** However, the findings in our study empha-
sise the need of accurate endoscopic and histological re-evaluation of the gastric mucosa
after diagnosis of a gMALT, since the majority who developed gastric cancer was diagnosed
with adenocarcinoma concomitantly (52.9%) with their gMALT or during later surveillance
(38.2%).

Although this study describes a large nation-wide cohort of patients with gMALT with
long-term follow-up, potential limitations of this study warrant consideration.
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Firstly, for most of the period under study, MALT lymphomas were classified as either low-
or high-grade and it is therefore that our report included cases under these search terms.
At present, gMALTs are considered as a specific disease entity of marginal zone lymphoma
(mucosa-associated lymphoid tissue lymphoma (MALT) type), which led to the formalised
WHO classification, according to which these lesions are now referred to as gastric marginal
zone lymphomas MALT type.* Also, the term high-grade MALT lymphoma was replaced by
Diffuse Large B-Cell Lymphoma (DLBCL) in this new classification, as it was discovered that
low-grade and high-grade gMALTs have a different histogenesis.* These DLBCLs may contain
a low-grade MALT lymphoma component. However, it remains unclear to which extent they
transformed from low-grade MALT lymphomas versus de novo DLBCLs.* For these reasons,
it is likely that a small proportion of the high-grade gastric MALT lymphomas in our cohort
included DLBCLs unrelated to MALT. However, these changes of nomenclature have not led
to a major change in diagnoses and therefore unlikely affected the main outcome param-
eters of our study, i.e. the incidence of gMALTs and the risk for gastric cancer in these patients.
Secondly, we could not evaluate the extension of pre-malignant gastric lesions in the mucosa
surrounding the MALT lymphomas, as the relatively low percentage of patients with gastric
atrophy, intestinal metaplasia and dysplasia prior to or simultaneous with gMALT diagnosis
made this impossible. In addition, details on location and invasion of the MALT lymphomas
were not provided. Lymphomas tend to occur proximally in the stomach, whereas gastric ad-
enocarcinomas occur more distal.?® For these reasons, details on extension of pre-malignant
gastric lesion, and size and depth of MALT lymphoma might identify patients at higher
risk and consequently lead to more accurate surveillance. Similarly, evaluating the gastric
cancer risk in the cohort after stratification by H. pylori and translocation status may also
result in more accurate surveillance and prognosis. Previous studies observed the specific
API2-MALTT t(11;18) chromosomal translocation in approximately 30% (range 18-40%) of
gMALT patients.>*®#” Most patients with this specific translocation do not respond to H.
pylori eradication and demonstrate dissemination to regional lymph nodes or distal sites
than the stomach more frequently. Development of gastric cancer was reported to occur
in translocation-positive patients. However, these case series were very small and the exact
risk of developing gastric cancer remained unclear.®*° For these reasons, a large prospective
study of patients with gMALT and determination of their translocation status is essential to
evaluate patients at high risk of developing gastric cancer, however, the rare appearance
of gMALTs will make this study hardly feasible. Thirdly, as limited numbers of biopsies can
provide insufficient information for subtyping, and determination of horizontal extension
and multifocality of gMALTSs, previous studies described the need for a standardised protocol
taking 20-30 biopsies from involved and uninvolved mucosa both at baseline and during fol-
low-up.3**® However, we could not evaluate the number and distribution of biopsies obtained
within each individual case and at every time point. Therefore, the number of patients with
in particular pre-malignant gastric lesions after a diagnosis of gMALT may have been overdi-
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agnosed.’! Finally, a previous study proposed that gMALT patients treated with chemo- and/
or radiotherapy were particularly at increased risk for gastric cancer,*? but we were unable to
assess this in our study population as we lack details with respect to chemoradiotherapy that
without doubt has been given to patients during the first years of our study period.

In conclusion, the overall incidence of gMALT is low and currently declining, which is likely
related to the current decline in the prevalence of H. pylori infections, but also has to be
due to other unidentified factors as the decline is considerably more rapid than the decline
of H. pylori prevalence. After a diagnosis of gMALT, an accurate endoscopic and histological
re-evaluation of the gastric mucosa seem to be warranted as gastric cancer risk in patients
with gMALT is substantial and the majority who develop gastric cancer are diagnosed con-
comitantly or after their gMALT. Future research is needed to clarify the clinical course of
these patients in order to improve treatment and prognosis of patients with gMALT.
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APPENDIX A

The following SNOMED-like codes were used:

+  Stomach: T63000.

«  Atrophic gastritis: M58000, M58001, M58010.

« Intestinal metaplasia: M73000, M73200, M73320, M73321, M73300.

«  Dysplasia: M74000, M74006, M74007, M74008, M74009.

«  Gastric cancer: M81403, M80103, M84803, M81443, M81453, M84903, M82113, M80503,
M82603, M69360, M81404, M80104, M80105, M80123, M80193, M80213, M80203.

« MALT lymphoma: M97153, M97183, M97163, M96993, M97183.

«  Malignant lymphoma/malignant non-Hodgkin lymfoma: M95903, F40640.
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Chapter 4

ABSTRACT

Background: Patients with gastric mucosa associated lymphoid tissue lymphoma (gMALT)
or diffuse large B-cell lymphoma (DLBCL) have an increased risk of developing gastric
carcinoma (GC). Identifying patients at high GC risk may lead to improved survival and
prognosis. The aim of this case-control study was to evaluate whether atrophic gastritis (AG),
intestinal metaplasia (IM) and dysplasia (DYS), can be identified in gMALT or DLBCL patients
and whether these lesions are more severe in gMALT or DLBCL patients with a subsequent
diagnosis of GC than in those without.

Methods: Patients with a first diagnosis of gMALT or DLBCL between 1991 and 2008 were
identified in the Dutch nationwide histopathology registry (PALGA). Cases were patients with
a diagnosis of gMALT or DLBCL and a subsequent diagnosis of GC. Controls were patients
with a diagnosis of gMALT or DLBCL without a subsequent diagnosis of GC matched for age,
sex and follow-up (fu). The baseline histopathology of these cases and controls was evalu-
ated and scored for AG, IM and DYS according to the updated Sydney classification by an
expert pathologist.

Results: In total 8 cases (M/F 3/5; mean fu 5.5 yrs; 1.1-7.4 yrs; gMALT/DLBCL 6/2) and 31 con-
trols (M/F 16/15; mean fu 5.3 yrs; 0.7-11.9 yrs; gMALT/DLBCL 26/5) were included with a mean
age of 60 years (range 18-86 years). At diagnosis, six (75%) cases had histological signs of
premalignant gastric lesions; AG (12%), IM (38%), DYS (25%), whereas in the control group,
21 (68%) had histological evidence for premalignant gastric lesions; AG (23%), IM (35%), DYS
(10%) at gMALT diagnosis (p=0.69). At GC diagnosis, 5 (63%) cases showed IM in the sur-
rounding gastric mucosa. In 22 (71%) controls premalignant lesions were present at the end
of follow up AG (19%), IM (45%), DYS (6%) (p=0.47).

Conclusions: No differences were demonstrated in the prevalence and severity of premalig-
nant gastric lesions of cases and controls at gMALT or DLBCL diagnosis or at end of follow-up.
In fact, premalignant gastric lesions were common in both cases and controls. This indicates
that endoscopic and histopathologic surveillance with specific attention to the severity of
premalignant gastric lesions after diagnosis and treatment of gastric lymphoma is warranted.
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INTRODUCTION

Helicobacter pylori is an important risk factor for gastric adenocarcinoma. It may even be a
conditio sine qua non, since H. pylori was demonstrated in more than 90% of patients with
gastric adenocarcinoma.'? Due to this evident triggering of H. pylori in gastric carcinogenesis,
the International Agency for Research on Cancer classified H. pylori as a class | carcinogen in
19943

H. pylori causes in the majority of patients a chronic inflammation of the gastric mucosa.
This inflammation can progress via a widely accepted cascade initially proposed by Correa;
from chronic inflammation to atrophic gastritis, to intestinal metaplasia, to dysplasia and
eventually progress to gastric cancer.* Because of the low five-year survival rate of gastric
cancer, early detection and surveillance of these lesions may improve gastric cancer prog-
nosis.>®

Besides gastric cancer, also marginal-zone B-cell lymphoma of mucosa-associated lym-
phoid tissue (MALT) type (formerly known as low-grade MALT lymphoma (gMALT)) is strongly
associated with H. pylori infection. For Diffuse Large B-Cell Lymphoma ((DLBCL), previously
considered as high grade gastric MALT lymphoma) the association with a previous H. pylori
infection remains controversial. In 1991, the first link between H. pylori and gastric MALT lym-
phoma was discovered and further studies demonstrated that gMALT regresses in 75% of the
cases after H. pylori eradication as monotherapy.’® Both gastric adenocarcinoma and gastric
MALT lymphoma are thus long-term consequences of H. pylori infection, and we recently
demonstrated in a Dutch nationwide study that patients with low and high grade gastric
MALT lymphoma have a six times increased risk compared to the general Dutch population,
of developing gastric cancer.’

In addition to these observations, previous studies reported that pre-malignant gastric
lesions can also be observed in patients with gastric lymphoma.®'? Identification of these
lesions in gMALT patients prior to a subsequent diagnosis of gastric cancer may improve
surveillance and prognosis of these patients. However, whether pre-malignant gastric lesions
can be used to identify patients with gastric lymphoma at highest risk for subsequent devel-
opment of gastric cancer remains unknown. Therefore, the aim of this case-control study was
to assess whether pre-malignant gastric lesions are more severe in gMALT or DLBCL patients
with a subsequent diagnosis of gastric cancer compared to patients with gMALT or DLBCL
lymphoma without a subsequent diagnosis of gastric cancer.
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METHODS

Histopathology database

Histopathology and cytopathology reports were collected in a national archive (PALGA data-
base) in the Netherlands. This archive has nationwide coverage since 1991." Patients in this
database are identified by date of birth, gender and the first 4 characters of their family name.
This identification string enables the linkage of different tests belonging to the same patient,
and therefore also to follow individual testing histories (dates and diagnoses) irrespective of
the facility of treatment.®™

All specimens receive a diagnostic code, similar to Systematized Nomenclature of Medicine
(SNOMED) classification of the College of American Pathologists.' This code consists of a term
indicating the anatomical location, type of sample, and a morphological term describing the
finding. The records in the database contain these codes and the summary of the pathology
report. In this study, data recorded in the PALGA database between 1991 and 2008 were
included. For each report, gender, date of pathology report, summary text and diagnostic
codes were made available.

Patient selection

All patients with a histologically confirmed diagnosis of gMALT or DLBCL were identified in
the PALGA database. Cases were patients with gMALT or DLBCL and a histologically confirmed
diagnosis of gastric cancer. Controls were matched to cases by age and years of follow-up, and
selected based on the fact that no diagnosis of gastric cancer was reported in their follow-up.

Histology

An expert Gl pathologist revised all biopsy specimens. The type and grade of the different
stages of gastric pre-neoplastic changes in the tissue surrounding the gMALT or DLBCL or
gastric carcinoma were classified according to the updated Sydney System classification.™ If
possible, the following items were evaluated separately: H. pylori density, acute inflammation
(neutrophil infiltration), chronic inflammation (mononuclear infiltration), gastric glandular
atrophy, and intestinal metaplasia. All these items were scored from 0 (absent), to 1 (mild), 2
(moderate), or 3 (marked). Dysplasia was assessed according to the revised Vienna classifica-

tion.'e1”
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Statistical analysis

Cases were defined as patients with a gMALT or DLBCL and a subsequent diagnosis of gastric
cancer. Controls were defined as patients with a gMALT or DLBCL with no subsequent diag-
nosis of gastric cancer. Continuous variables in cases and controls were compared using the
Student’s T-test. Categorical variables were compared using the Chi-squared test. A two sided

p-value <0.05 was considered statistically significant.

RESULTS

In total, 8 cases (3 males and 5 females) and 31 controls (16 males and 15 females) with a mean
age of 60 years (range 18 to 86 years) were included. Gastric cancer occurred on average
5.5 years (range 1-7 years) after the initial diagnosis, whereas for controls the mean follow-
up was 5.3 years (range 1-12 years). Six (75%) cases (M/F 3/3) demonstrated gMALT, and 2
(25%) cases (M/F 0/2) were diagnosed with DLBCL. In addition, 26 (84%) controls (M/F 13/13)
demonstrated gMALT and 5 (16%) controls (M/F 3/2) a DLBCL. The baseline characteristics for
the total cohort and for cases and controls with gMALT and DLBCL are presented in Table 1.

Table 1. Baseline characteristics of patients with gMALT and DLBCL

Total Low grade gastric MALT Diffuse Large B-Cell Lymphoma
lymphoma

Cases Controls pvalue  Cases Controls p Cases Controls p

N=8(%) N=31(%) N=6 (%) N=26 (%) value N=2(%) N=5 (%) value
Gender
Male 3(37) 16(52) 0.47 3(50) 13(50) 1.0 0 3(60) 0.15
Female 5(63) 15 (48) 3(50) 13(50) 2(100) 2(40)
Age
Mean (years) 65.6 59.0 0.22 65.6 58.9 0.29 65.4 59.7 0.61
Range (years) 48.1-747 18.3-86.4 48.1-747 18.3-86.4 61.7-69.1 39.4-74.2
Total follow-up
Mean (years) 55 53 0.82 6.2 5.2 0.45 36 57 040
Range (years) 1.1-74 0.7-11.9 41-74 0.7-11.9 1.1-6.0 2.0-9.1

Pre-malignant gastric lesions at gMALT or DLBCL diagnosis

In three (37%) cases (QMALT or DLBCL) and 18 (58%) controls, chronic gastritis was identified
in the surrounding tissue at diagnosis of gMALT or DLBCL (p=0.10). All cases with a chronic
gastritis and 15 (48%) controls demonstrated an active component. The prevalence of pre-
malignant gastric lesions is demonstrated in Figure 1. Overall, 75% of cases (gMALT and
DLBCL) demonstrated pre-malignant lesions; atrophic gastritis (n=1), intestinal metaplasia
(n=3) and low grade dysplasia (n=2) as most severe diagnosis. Within the controls, 68% dem-
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Figure 1. Prevalence of pre-malignant gastric lesion at gMALT or DLBCL diagnosis
Abbreviations: AG: atrophic gastritis; IM: intestinal metaplasia; DYS: dysplasia

onstrated these lesions; atrophic gastritis (n=7), intestinal metaplasia (h=11) and low grade
dysplasia (n=3). One control with marked intestinal metaplasia also demonstrated a focus
which was indefinite for dysplasia. The prevalence of pre-malignant gastric lesions was not

significantly different between cases and controls (p=0.69).

Pre-malignant gastric lesions at gastric cancer diagnosis or end of follow-up

At gastric cancer diagnosis, 6 (75%) cases with gMALT or DLBCL diagnosis and a subsequent
diagnosis of gastric cancer were diagnosed with chronic gastritis in the surrounding tissue.
In the remaining two cases, the tissue consisted solely of gastric cancer cells, therefore the
surrounding tissue could not be evaluated. Twenty-six (84%) controls had histological signs

of chronic gastritis (p=0.29). All cases and 8 (26%) controls with chronic gastritis showed an
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Figure 2. Prevalence of pre-malignant gastric lesions at gastric cancer diagnosis or end of follow-up
Abbreviations: AG: atrophic gastritis; IM: intestinal metaplasia; DYS: dysplasia
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active component. At the end of follow-up, all cases demonstrated gastric cancer and 5 (63%)
of them demonstrated intestinal metaplasia in the tissue surrounding the malignant cells.
Within the control group, 6 (19%) controls demonstrated atrophic gastritis, 14 (45%) controls
showed intestinal metaplasia and 2 (8%) controls had a diagnosis of low grade dysplasia
(Figure 2). In 3 (10%) controls with moderate and marked intestinal metaplasia the biopsy
specimens were classified as indefinite for dysplasia. No differences were demonstrated
between the occurrence of pre-malignant gastric lesions identified in cases and controls at
the end of follow-up (p=0.46).

Progression of pre-malignant gastric lesions

On average gastric cancer was diagnosed within 5 years from initial diagnosis of gMALT or
DLBCL. For controls, ten (32%) patients demonstrated progression of their pre-malignant le-
sions after a mean of 5.2 years. Three (33%) controls with no identified pre-malignant gastric
lesion at diagnosis demonstrated after a mean follow-up of 6 years atrophic gastritis and
five (16%) controls demonstrated intestinal metaplasia after a mean follow-up of 3 years.
Two (6%) controls with a diagnosis of atrophic gastritis at diagnosis of their gMALT or DLBCL
demonstrated after a mean of 7 years intestinal metaplasia as most severe pre-malignant
lesion.

Gastric MALT or DLBCL

Differences in prevalence of pre-malignant gastric lesions in patients with gMALT and DLBCL
are presented in Table 2 and Table 3. The prevalence of pre-malignant gastric lesions at gMALT
or DLBCL diagnosis was not significantly different between patients with gMALT and patients
with DLBCL (p=0.93). In addition, no significant differences were demonstrated between the
occurrence of pre-malignant gastric lesions between gMALT-cases and DLBCL- cases (p=0.45)
or between gMALT-controls and DLBCL-controls (p=0.64) (Table 2). At the end of follow-up
or gastric cancer diagnosis, no significant differences were demonstrated between patients
with gMALT and those with DLBCL (Table 3).

Table 2. Prevalence of pre-malignant gastric lesions in gMALT and DLBCL at diagnosis

Total Cases Controls
gMALT DLBCL p- gMALT DLBCL p- gMALT DLBCL p-
n=32 n=7 value n=6 n=2 value n=26 n=5 value
None 10 2 0.93 1 1 0.46 9 1 0.64
AG 6 2 1 0 5 2
M 12 2 3 0 9 2
DYS 4 1 1 1 3 0

Abbreviations: gMALT: gastric mucosa associated lymphoid tissue lymphoma; DLBCL: diffuse large B-cell lymphoma; AG: atrophic gastritis; IM:
intestinal metaplasia; DYS: dysplasia
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Table 3. Prevalence of pre-malignant gastric lesions in gMALT and DLBCL at gastric cancer diagnosis or end of follow-up

Total Cases Controls
gMALT DLBCL p- gMALT DLBCL p- gMALT DLBCL p-
n=32 n=7 value n=6 n=2 value n=26 n=5 value
None 9 3 0.47 2 1 0.67 7 2 043
AG 4 2 0 0 4 2
IM 17 2 4% 1% 13 1
DYS 2 0 0 0 2 0

*Intestinal metaplasia was identified in tissue surrounding the gastric cancer cells
Abbreviations: gMALT: gastric mucosa associated lymphoid tissue lymphoma; DLBCL: diffuse large B-cell lymphoma; AG: atrophic gastritis; IM:
intestinal metaplasia; DYS: dysplasia

DISCUSSION

This study shows that no differences exist between the prevalence and severity of pre-ma-
lignant gastric lesions in gastric lymphoma (gMALT and DLBCL) patients with a subsequent
diagnosis of gastric cancer and those with no subsequent diagnosis of gastric cancer. No-
tably, the prevalence of moderate to severe pre-malignant gastric lesions such as intestinal
metaplasia and dysplasia is substantial in both groups of patients, warranting careful surveil-
lance of both gMALT and DLBCL patients not only for recurrence of lymphoma, but also for
progression to adenocarcinoma.

Previous studies described varying prevalences of pre-malignant gastric lesions in patients
with gastric lymphomas. For gMALT the prevalence of atrophic gastritis and intestinal
metaplasia in the surrounding tissue ranged from 4-51% and 44-63% respectively.’>'®° The
prevalence of dysplasia in gMALT patients remained less clear. Our observations for atrophic
gastritis and intestinal metaplasia are in line with these previous studies. For dysplasia we
demonstrate a considerable prevalence of 12% at gMALT diagnosis.

For diffuse large B-cell lymphomas, the prevalence of pre-malignant gastric lesions was
unknown. In addition, the role of H. pylori in DLBCL remains controversial. H. pylori infection
seems to play a role in the transformation from gMALT to DLBCL, however not all DLBCL
seem to derive from gMALT. 22! Previous studies described a widely ranging prevalence of
intestinal metaplasia in DLBCL, and very little data on the prevalence of dysplasia.’®’ We
observed a prevalence of 30% for intestinal metaplasia and 14% of dysplasia at DLBCL diag-
nosis. As our population of DLBCL patients was small, our findings are still associated with
wide confidence intervals.

The high prevalence of pre-malignant gastric lesions in gMALT or DLBCL patients found
in our study shows that both in gMALT patients as well as in DLBCL patients the histopatho-
logical pathway of pre-malignant gastric lesions is probably similar to the proposed cascade
by Correa for intestinal type adenocarcinoma.* Moreover, these data suggest that H. pylori
should be implicated in the etiology of both type of lymphoma, and strengthen the fact that
gastric cancer risk is increased in lymphoma patients as published previously.®*>?
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This increased risk of gastric cancer adds to the need for intense endoscopic surveillance for
the development of (pre)-malignant gastric lesions. A previous study described a rapid pro-
gression within 4 years of follow-up of pre-malignant gastric lesions in patients with gMALT.
The authors showed a progression to atrophic gastritis in 91% and to intestinal metaplasia
in 51%."? Our study showed a similar picture, but then already with a high prevalence of
pre-malignant lesions at the time of lymphoma diagnosis. These findings suggest that the
progression to gastric cancer in gastric MALT or DLBCL patients is accelerated compared to
patients with no gastric lymphoma. This indicates that thoroughly scrutinizing the gastric
mucosa at diagnosis as well as during surveillance for MALT or DLBCL is relevant as early
detection of gastric cancer may reduce mortality. However, the yield of such an approach has
to be confirmed by future prospective studies that include a larger population of patients
with gMALT or DLBCL with long-term of follow-up.

Some limitations of this study warrant consideration. Firstly, the presence of H. pylori
and extension of pre-malignant gastric lesions were difficult to evaluate. Previous studies
have shown that the intragastric extent of intestinal metaplasia is an important risk factor
for progression to gastric cancer and evaluating the severity and extent of this lesion by
means of the OLGIM score results in adequate gastric cancer risk assessment.?* Due to the
retrospective design of this study, material from standardized biopsy sampling throughout
the stomach was not routinely available. Thus, the exact extension of intestinal metaplasia
and determination of individual OLGIM scores at baseline and follow-up was not feasible.
In addition, H. pylori status and translocation status could not be evaluated in most biopsy
specimens. These data are necessary for adequate prognosis assessment and accurate sur-
veillance strategies, as previous studies demonstrated that the API2-MALT1 t(11;18) chromo-
somal translocation results in increased dissemination to lymph nodes or other sites than
the stomach.>*?% Moreover, patients with this specific translocation are less responding to
H. pylori eradication therapy.” Secondly, only a very small population of DLBCL patients was
included, and even fewer patients developed gastric cancer. This implies that prevalences
of premalignant lesions at baseline and incidences of gastric cancer during follow-up were
associated with wide confidence intervals. However, paucity of literature on the prevalence
of pre-malignant gastric lesions and the progression to gastric cancer in this patient category
support the relevance of our data and our recommendations to consider that frequent sur-
veillance of these patients should not only aim for the recurrence of lymphoma, but also for
the progression to cancer.

In conclusion, although no differences were demonstrated in prevalence and severity of
pre-malignant gastric lesions between gMALT or DLBCL patients with a subsequent diag-
nosis of gastric cancer and patients without a subsequent diagnosis of gastric cancer, the
high prevalence of these lesions in both categories of patients and the association with
subsequent cancer development warrant accurate endoscopic follow-up.
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ABSTRACT

Background: Serological screening for gastric cancer (GC) may reduce mortality. However,
optimal serum markers for advanced gastric precursor lesions are lacking.

Aim:To evaluate in a case—control study whether serum leptin levels correlate with intestinal
metaplasia (IM) and can serve as a tool to identify patients at high risk for GC.

Materials and Methods: Cases were patients with a previous diagnosis of IM or dysplasia,
controls were patients without such a diagnosis. All patients underwent endoscopy. Fasting
serum was collected for the measurement of leptin, pepsinogens I/1l, gastrin, and Helicobacter
pylori. Receiver operating characteristic (ROC) curves and their area under the curve (AUC)
were provided to compare serum leptin levels with other serological markers.

Results: One hundred nineteen cases and 98 controls were included. In cases, the median
leptin levels were 116.6 pg/mL versus 81.9 pg/mL in controls (p = .01). After adjustment
for age, sex and BMI, leptin levels remained higher in cases than in controls (p < .005). In
multivariate analysis, male sex (p =.002), age (<0.001), low pepsinogen levels (p = .004) and
high leptin levels (p = .04) were independent markers for the presence of IM. In addition, a
ROC curve including age, sex and pepsinogen | levels had an AUC of 0.79 (95% Cl (0.73-0.85)).
Adding serum leptin levels increased the AUC to 0.81 (95% Cl (0.75-0.86)).

Conclusions: High leptin levels are associated with an increased risk of IM. Moreover, serum
leptin levels are a significant independent marker for the presence of IM. However, in combi-
nation with the serological test for pepsinogen | the additional value of serum leptin levels
is rather limited.
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INTRODUCTION

Gastric cancer (GCQ) is the fourth most common cancer and second leading cause of cancer-
related death worldwide.! As symptoms are often absent, GC is usually diagnosed at an
advanced stage with limited curative options.? To reduce its mortality rate, population-based
screening programs have been implemented in high incidence countries, such as Japan.*®
During the last decades, serological screening has been introduced as part of these programs,
as serological markers were demonstrated to predict GC development.®®

In particular for the diagnosis of atrophic gastritis, serological testing for a combination of
pepsinogens | and ll, gastrin and Helicobacter pylori antibodies have yielded accurate results
with in particular a high specificity (95-98%).>"" However, the value of these tests for the di-
agnosis of more advanced precursor lesions, i.e. intestinal metaplasia (IM) and dysplasia, was
much lower with a sensitivity of 66% and 70% and specificity of 78% and 65%, respectively.'
Therefore, better markers are needed for a prediction of more advanced precursor lesions.

The common denominator of several serological markers is their release by specialized
cells of the stomach lining. Based on this characteristic, leptin has been identified as poten-
tial new serological marker for pathological conditions of the stomach. Leptin is a 16-kDa
peptide hormone that plays a key role in appetite regulation as well as energy homeostasis.”
It is primarily produced by adipocytes, but it has been shown that, similar to pepsinogen |,
gastric chief cells are also a source of leptin.''> Both sources of leptin can have an effect on
serum leptin levels. However, it remains unknown whether serum leptin levels can fulfill the
role of a new serologic marker in the gastric carcinogenesis. As the increased expression of
leptin has been associated with several types of cancer and leptin is produced by the gastric
mucosa, we hypothesized that serum leptin levels may have a similar role as pepsinogen | as
serum marker for the identification of subjects at risk of GC.'®"” Serum levels of pepsinogen
| increase with gastric inflammation and decrease with progressive severity of atrophy.’ In
addition, several immuno-histochemical staining studies showed that leptin levels increased
due to H. pylori infection.’®?° However, neither studies investigated the serum leptin levels in
patients with more advanced precursor lesions, nor whether a combination of serum leptin
and pepsinogen levels improves the efficacy of non-invasive screening.

Therefore, the aim of this study was to evaluate whether there is an association between
serum levels of leptin and the presence of gastric IM and dysplasia, and whether serum leptin
levels can serve as a tool to identify patients at high risk of GC. Therefore, we compared the
serum levels of leptin in patients with IM and dysplasia with those of patients without these
pre-malignant gastric lesions.
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MATERIAL AND METHODS

Case selection

Consecutive patients with a diagnosis of IM and/or dysplasia of the gastric mucosa based
on histology according to the updated Sydney biopsy protocol, were eligible for inclusion.
All these patients were invited to participate in this study. Biopsy specimens of the baseline
endoscopy were revised by an expert pathologist specialized in Gl pathology. Patients with
a confirmed diagnosis of IM and/or dysplasia after revision were included after informed
consent. All these patients underwent a surveillance endoscopy between March 2007 and
March 2008. Patients with a diagnosis or history of esophageal varices, upper gastrointestinal
malignancy, or esophageal or gastric surgery were excluded.

Control Population

We recruited consecutive outpatients >18 years of age undergoing routine upper endoscopy
forany indication at the endoscopy unit at the Erasmus MC. Patients with a previous diagnosis
of IM and dysplasia were excluded, as well as patients with a diagnosis or history of esopha-
geal varices, upper gastrointestinal malignancy, esophageal, or gastric surgery. Patients were
also excluded in case gastric biopsy specimens at the study endoscopy demonstrated IM or
dysplasia.

Endoscopy

Demographic and clinical information were collected from cases and controls by means of a
structured questionnaire prior to endoscopy. All patients completed upper gastrointestinal
endoscopy using a standard forward-viewing video gastroscope (Olympus GIF Q160; Olym-
pus optical Co., Tokyo, Japan). In cases, extensive biopsies for histological assessment were
taken from five standardized intragastric locations: four biopsies from the antrum (2-3 cm
proximal to the pylorus; one of each quadrant), two from the angulus, four from the mid-
corpus (two from the lesser curvature, two from the greater curvature), and two from the
cardia (just below the gastro-oesophageal junction). In case of endoscopically visible lesions,
additional targeted biopsy samples were obtained.

In controls, five random biopsy samples were obtained for histology according to the Syd-
ney classification ?'; two from the antrum, two from the corpus (one from the lesser curvature,
one from the greater curvature), and one from the angulus.
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Histological Assessment

Biopsy specimens obtained from the stomach were fixed in buffered formalin and embedded
in paraffin. The specimens were stained by hematoxylin and eosin. An expert Gl patholo-
gist blinded to endoscopic and clinical findings reviewed all sections. The type and grade
of the different stages of the gastric carcinogenesis was classified according to the updated
Sydney System classification. The following items were evaluated separately: H. pylori density,
acute inflammation (neutrophil infiltration), chronic inflammation (mononuclear infiltration),
gastric glandular atrophy, and IM. All these items were scored from 0 (absent), to 1 (mild),
2 (moderate), or 3 (marked).?! Dysplasia was assessed according to the revised Vienna clas-
sification.?’?2 Extensive IM was similar to previous studies defined as either IM in the random
biopsies from at least two different intragastric locations (multifocal IM) or moderate or
marked IM in at least two random biopsies (severe grades of IM).2 These definitions of IM
have turned out to be useful parameters to predict high GC risk.?

Serologic Markers

Fasting serum was collected from all patients. The samples were collected and stored in
aliquots at —80 °C until analysis. Serum leptin was measured using a commercial enzyme
immunoassay from R & D systems, this immunoassay has been shown to quantitate leptin
highly accurate and has excellent results in terms of reproducibility and repeatability.* The
serological markers pepsinogen | and ll, gastrin, H. pylori antibodies, and CagA status were
measured using commercial enzyme immunoassays from Biohit (Helsinki, Finland), Orion
Diagnostica (Espo, Finland), and Ravo Diagnostica (Freiburg, Germany), respectively. All tests

were performed according to the instructions of the manufacturers.

Statistical Analysis

Subjects with a previously confirmed diagnosis of IM or dysplasia were considered as cases.
Subjects with no histologically identified IM or dysplasia at gastroscopy and with no previ-
ous diagnosis of IM or dysplasia were considered to be controls. In the absence of data on
serum leptin levels in cases with IM versus controls, we were unable to make an a priori power
calculation. Therefore, a considerable number of cases and matched controls were included
for accurate and safe conclusions on clinically relevant differences between both groups.
Continuous variables in cases and controls were compared using the Student’s t-test.
Categorical variables were compared using the chi-squared test. A two-sided p-value <.05
was considered statistically significant. Considering the substantial loss of power, continu-
ous variables were, if possible, not dichotomized.?> All continuous variables were tested for
linearity. Pepsinogen |, the rate of pepsinogen I/ll, gastrin and leptin were log-transformed
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to approach normal distribution. Linear regression was used to describe and test differences
in leptin levels between cases and controls. The effect of possible confounders on the differ-
ences was tested by adding these variables to the model (age, sex, and BMI). We imputed BMI
in 15% of cases on the assumption of MAR (missing at random) dependent on age and sex.”
To estimate the predictive power of clinical and serological markers for the presence of IM,
univariate, and multivariate logistic regression analyses were performed. For the presence of
extensive IM, we used multivariate polytomous logistic regression analysis. Odds ratios with
95% confidence intervals (Cls) were used as a measure of association.

In the logistic regression analysis, the effects of log-transformed variables (serum levels of
pepsinogens, gastrin, and leptin) were evaluated for a twofold increase of these variables on
the presence of IM. In addition, receiver operating characteristic (ROC) curves and their area
under the curve (AUC) were provided to compare serum leptin levels with other serological
markers, and to determine best cut-off values. At every cut-off in the ROC curve the sum of
the sensitivity and specificity was calculated (Youden'’s index), the highest sum was used as

best cut-off value for serum leptin levels.?

RESULTS

Study Population

In total, 119 cases and 98 controls (108 males, 109 females) with a mean age of 55 years
(range 18-81) were included. The majority of cases (73.3%) were of Dutch descent. The base-
line characteristics of the cases and controls are presented in Table 1. Five controls accepted
to participate, but refused to fulfill the questionnaire. As a result, demographic data of these
patients are missing. Patients with IM were significantly older (mean age 60 years, range
23-81) than control subjects (mean age 48 years, range 18-76) (p < .001). Sex, BMI, and the
prevalence of smoking, alcohol use and proton pump inhibitor (PPI) use did not significantly
differ between cases and controls (Table 1). Overall, 41 cases and 38 controls had histological
signs of H. pylori colonization (p = .46). None of the H. pylori-negative controls, but 32 of the
H. pylori-negative cases had previously successfully been treated with H. pylori eradication
therapy. The mean duration between H. pylori eradication and surveillance endoscopy was

5 years (range 0-20).

Serum Leptin Levels

The mean serum leptin levels were 116.6 pg/mL (interquartile range (IQR) 75.0-207.5) in
cases and 81.9 pg/mL (IQR 32.9-207.0) in controls (p = .01). The relation between serum
leptin levels and possible influencing variables is presented in Table 2. Serum leptin levels
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Table 1. Baseline characteristics

Cases Controls p value for difference

N=119 (%) N=98 (%)
Mean age 60.4 483 <0.001
Sex 0.07
- Male 66 (55) 42 (43)
- Female 53 (45) 56 (57)
Mean BMI 26.3(77) 25.7 (95) 0.37
Ethnicity 0.02
- Dutch 95 (80) 64 (65)
- Middle East 10(8) 14(14)
- Remaining 14(12) 15(15)
- Missing 5(5
Smoking 0.63
- Non-smoker 53 (45) 49 (50)
- Smoker 22(18) 14(14)
- Missing 44(37) 35(36)
Alcohol use 0.46
- <lunit/day 21(18) 17 (17)
- >1unit/day 39(33) 25(26)
- Missing 59 (49) 56 (57)
Proton Pump Inhibitor (PPI) 0.14
- NoPPI 51(43) 44 (45)
- PPI 67 (56) 49 (50)
- Missing 1(1) 5(5)
H. pylori 0.46
- Negative 78 (66) 60 (61)
- Positive 41 (34) 38(39)
CagA 0.89
- Negative 74 (62) 60 (61)
- Positive 45 (38) 38(39)
Mean of pepsinogen | levels* 92.1 143.8 0.001
Mean of pepsinogen I/II* 6.9 108 <0.001
Mean of gastrin levels* 10.5 6.9 0.06
Mean of serum leptin levels* 116.6 819 0.01

* Means of serum markers were calculated based on log-transformed data

increased with age and higher BMI (both p < .001). Moreover, serum leptin concentration
was 2.9 times higher in female subjects than in male subjects (p <.001). Current smokers had
a serum leptin concentration 0.7 times lower than subjects who were currently not smoking
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Table 2. Relation between serum leptin levels and possibly influencing variables in 217 subjects (cases and controls)

Total Mean of serum Odds ratio p value

N=217 (%) leptin levels* [95% CI]**
Age (range 18-81yrs) 994 1.02[1.001-1.03]*** 0.001
Sex <0.001
- Male 109 (50) 58.4 1.0
- Female 108 (50) 168.5 2.88[2.25-3.70]
BMI 187 (86)* 101.5 1.14[1.11-1.17P <0.001
Ethnicity 0.48
- Dutch 159 (73) 933 1.0
- Middle East 24(11) 107.0 1.15[0.72-1.81]
- Remaining 29(13) 1264 1.35[0.89-2.07]
- Missing 5(2) 130.1 1.39[0.54-3.61]
Smoking 0.05
- Non-smoker 102 (47) 119.4 1.0
- Smoker 36 (17) 79.9 0.67 [0.45-1.00]
- Missing 79 (36) 86.8 0.73[0.53-0.99]
Alcohol use 0.44
- <1unit/day 38(18) 1054 1.0
- 21 unit/day 64 (29) 86.2 0.82[0.53-1.26]
- Missing 115(53) 105.6 1.00 [0.68-1.48]
PPluse 0.14
- NoPPI 95 (44) 86.0 1.0
- PPI 116 (53) 109.2 1.27[0.95-1.69]
- Missing 6(3) 162.1 1.88[0.78-4.53]
H. pylori 0.25
- Negative 138 (64) 105.7 1.0
- Positive 79(36) 89.8 0.8410.62-1.13]
CagA 0.76
- Negative 134(62) 97.7 1.0
- Positive 83(38) 1023 1.05 [0.78-1.40]
Serum pepsinogen | levels (two 99.4 0.96 [0.87-1.05]% 038
fold)**
Serum pepsinogen /Il (two 99.4 0.94[0.84-1.05]% 0.30
fold)*s
Serum gastrin levels (two fold)* 99.4 1.13[1.07-1.201% <0.001

* Means of serum leptin levels were calculated based on log-transformed data; ** Odds ratio were calculated by univariate linear regression
analysis; *** The odds ratio increased by 1.09 in case age increased by a value of one year; # In 14% of cases BMI was imputed on the assumption
of MAR (missing at random) dependent on age and sex; *The odds ratio increased by 1.14 in case BMI increased by a value of one, *’In case
serum markers increased twofold the odds ratio increased (gastrin) or decreased (pepsinogen | and pepsinogen /Il rate)

72



Serum levels of leptin: a marker for gastric cancer risk?

(p = .05). No significant correlations were demonstrated between serum leptin levels and
ethnicity, alcohol use, and PPI use (Table 2). In addition, neither were serum leptin levels
significantly associated with H. pylori infection, nor were significant alterations in serum
leptin levels observed between eradicated cases and noneradicated cases (serum leptin
levels 129.2 and 102.4 pg/mlL, respectively) (p = .25).

Serum Leptin Levels and Intestinal Metaplasia

In the case population, all cases had a previous histologically confirmed diagnosis of IM and/
or dysplasia. However, in 32 (27%) of the cases the presence of IM was not confirmed during
the study surveillance endoscopy. In the remaining 87 (73%) cases, the presence of IM was
confirmed histologically during study surveillance endoscopy. Within this group, the most
severe grade of IM was mild in 16 (18%) cases, moderate in 24 (28%) cases, and marked in 47
(54%) cases. Gastric dysplasia was detected in 5 (4%) cases.

Serum leptin levels were not significantly different between cases with mild-IM (mean
leptin levels 156.0 pg/mL), moderate IM (mean leptin levels 146.4 pg/mL) or severe IM (mean
leptin levels 98.9 pg/mL). In addition, no significant differences were demonstrated in serum
leptin levels between cases with IM (mild, moderate, or marked) or cases with dysplasia
(mean leptin levels 96.4 pg/mL) (p = .64).

Table 3. Multivariable logistic regression analysis: Relation between intestinal metaplasia (IM) and serological markers, adjusted for age and
gender (n=217)

Univariate analysis p Multivariate analysis p
0dds ratio [95% Cl] 0dds ratio [95% Cl]
IM (n=119) vs controls IM (n=119) vs controls

Age (year) 1.1[1.04-1.1] <0.001 1.1[1.04-1.1] <0.001
Gender (male) 1.7[0.9-3.0] 0.09 34[1.5-74] 0.002
H. pylori (positive) 0.6[0.3-1.2] 0.16 0.5[0.3-1.1] 0.11
CagA (positive) 0.8[0.5-1.6] 0.60 1.0[0.5-2.1] 0.90
Serum pepsinogen | levels* (two 0.3[0.1-0.5] <0.001 0.310.1-0.7] 0.004
fold)*
Serum pepsinogen I/II* (two fold)* 0.4[0.2-0.7] 0.004 0.6[0.2-1.5] 033
Serum gastrin levels* (two fold)* 1.2[0.9-1.7] 0.24 1.0[0.7-1.5] 0.81
Serum leptin levels* (two fold)* 2.0[1.1-3.5] 0.01 1.9[1.0-3.6] 0.04

*serum leptin, pepsinogen |, pepsinogen I/11 and gastrin were calculated based on log-transformed data; “In case serum levels would be two
fold increased the risk of IM changes by the 0dds rati
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In an age- and sex-adjusted analysis, we found that patients with IM have a significantly in-
creased serum leptin concentration compared to controls (OR 2.0 (95% Cl 1.1-3.5)) (Table 3).
After further adjusting for BMI, the odds ratio was 2.9 (95% Cl 1.4-6.0) in patients with a
twofold increase in leptin levels (p = .005). In male subjects, the association between IM and
high leptin levels was strong (OR 5.1 (95% Cl 2.3-14.4) (p = .002)), but no significant associa-
tion between high serum leptin levels and IM was found in women (OR 1.2 (95% Cl 0.4-4.1)
(p =.71)). However, testing this difference by way of an interaction term demonstrated no
significant difference between males and females (p =.13).

Within multivariate analysis, male sex, age, low pepsinogen | levels, and a high leptin con-
centration were identified as independent risk factors for a diagnosis of IM (Table 3). Gastrin
was no independent predictor for IM. The pepsinogen I/ll ratio showed a significant associa-
tion to IM in univariate analysis, but was of no additional value in multivariate analysis. Low
serum pepsinogen | levels were the best serologic marker for the prediction of the presence
of IM (OR 0.3, 95% Cl 0.1-0.7, p = .004), but leptin levels were of significant additional value
(OR 1.9,95% Cl 1.0-3.6, p = .04). In addition, a ROC curve including the variables age, gender,
and pepsinogen | levels had an AUC of 0.79 (95% CI (0.73-0.85)). Adding serum leptin levels
to this model increased the AUC to 0.81 (95% Cl (0.75-0.86)).

Best cut-off values for both serum pepsinogen | levels and serum leptin levels were evalu-
ated by Youdens index [27]. A best cut-off value of 50 pg/mL was calculated for pepsinogen
| levels and a serum leptin level of 94 pg/mL was determined for leptin as best cut-off value.
These best cut-off values evaluated by Youdens index resulted in an AUC value of 0.81 (95%
Cl (0.75-0.86)) for age, gender, and a pepsinogen | levels (50 pg/mL) and an increase of 0.02
to an AUC of 0.83 (95% ClI (0.77-0.88)) for age, gender, pepsinogen (50 pg/mL) and leptin
levels (94 pg/mL).

Extensive Intestinal Metaplasia

Within the case population, 68 (57%) patients demonstrated IM in the random biopsies from
at least two different intragastric locations, which was defined as extensive IM (multifocal IM),
and 54 (45%) patients had moderate or marked IM in two or more biopsies (severe grades of
IM). Table 4 demonstrates that age, gender, and high serum leptin levels are independent
predictors for patients with focal (nonextensive) IM (AUC 77%), whereas for patients with
multifocal (extensive) IM, leptin levels are no independent predictor (AUC 85%). In patients
with severe grades of IM, serum leptin levels were no independent predictor (data not shown).
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Table 4. Multivariable polytomous logistic regression analysis: Relation between extensive or non-extensive intestinal metaplasia (IM) and
serological markers

Non-extensive IM (n=51) vs. p Extensive IM (n=68) vs. controls p
controls Odds ratio [95% Cl]
Odds ratio [95% Cl]
Age (year) 1.05[1.02-1.08] 0.003 1.1[1.06-1.1] <0.001
Gender (male) 5.2[1.9-14.3] 0.002 2.2[0.8-6.1] 0.14
H. pylori (positive) 0.6 [0.3-1.6] 033 0.7[0.3-1.7] 0.42
CagA (positive) 1.0[0.4-2.3] 0.94 1.0[0.4-2.4] 098
Serum pepsinogen | levels* 0.7 [0.2-2.0] 0.48 0.2[0.1-0.5] 0.001
(two fold)*
Serum pepsinogen I/II* (two 0.9[0.3-2.7] 0.85 0.6[0.2-2.0] 0.46
fold)*
Serum gastrin levels* (two 0.8[0.5-1.3] 033 1.5[0.9-2.6] 0.13
fold)*
Serum leptin levels* (two 3.2[1.5-7.2] 0.003 1.5[0.7-34] 0.28
fold)*

*serum leptin, pepsinogen |, pepsinogen I/11 and gastrin were calculated based on log-transformed data; “In case serum levels would be two
fold increased the risk of IM changes by the 0dds ratio

DISCUSSION

This case-control study shows that serum leptin levels are significantly higher in patients
with IM of the stomach than in controls. In combination with the established risk factors, in
particular male sex, advancing age, and low serum pepsinogen | levels, serum leptin levels
can serve as an extra tool to predict IM (Table 3). However, our results show that the ad-
ditional value of this noninvasive marker is rather low.

As histology has important limitations, such as sampling effects and interobserver variabil-
ity, noninvasive screening methods for GC have been tested for decades.?® These methods
usually included pepsinogen | and pepsinogen ll, their ratio, gastrin, and H. pylori serology,
which showed moderate to high specificities and a high predictive value for atrophic gastri-
tis.>"231 |In Japan, these serological tests have therefore been introduced in the nationwide
screening programs. However, there is still a need for markers for more advanced precursor
lesions that improve the efficacy of noninvasive screening. Gastric leptin is similar to pep-
sinogen | produced by the chief cells in the gastric mucosa and may therefore serve as a new
serologic marker for the identification of patients with high GC risk.
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In this study, we show that serum leptin levels correlate with the presence or absence of
IM and have an additional value in detecting IM. Similar to pepsinogen |, serum leptin levels
increase with inflammation of the gastric mucosa, and seem to decrease in patients with
more severe IM and dysplasia, presumably because of the associated progressive atrophy
of the stomach lining. However, compared to pepsinogen |, serum leptin levels show much
more variability within individuals and between males and females resulting in insufficient
performance as serological marker. Although we demonstrate that leptin is a better marker
for IM than gastrin, low serum pepsinogen | levels remain the best independent serological
predictor for IM (Table 3). Combining the serological tests for pepsinogen and leptin has lim-
ited additional value compared to pepsinogen testing alone, while at the same time increas-
ing screening costs. Therefore, although serum leptin levels are of significant additional value
in predicting gastric IM, measuring leptin levels seems not very useful in clinical practice for
screening purposes in patients at risk for GC.

Previous studies demonstrated that serum leptin levels were significantly lower in males
than in females.32*3 This sex-related difference could be explained by the fact that estrogens
stimulate leptin production, whereas testosterone inhibits the production.’® Also, leptin
correlates with fat cell volume, the cell size and distribution of adipocytes. Subcutaneous
adipocytes are larger than omental adipocytes and produce more leptin. The larger subcu-
taneous adipose tissue mass relative to omental mass in females compared to males thus
results in more leptin production.?* These observations are in line with our study, in which
males had significant lower leptin levels than females. In addition, although not significantly
different, males tended to have a stronger association between the risk of IM and high serum
leptin levels than females. As a consequence of this, serum leptin levels might be a marker of
additional value particularly in males, as was also described in a previous study.>? However,
these findings should be further evaluated in a larger population of male patients with pre-
malignant gastric lesions.

As H. pylori eradication can result in changes in body weight, leptin levels are probably
affected by H. pylori eradication. However, the correlation between H. pylori infection and
leptin levels remains controversial. Although immuno-histochemical studies demonstrated
that gastric mucosal leptin expression and secretion were significantly increased in H.
pylori-positive patients compared to H. pylori-negative patients, serum leptin levels did not
significantly differ between these patients. In addition, H. pylori eradication had no significant
effect on serum leptin levels.’2°3537 |n line with these previous observations, the 32 eradi-
cated cases in our study did not show significantly altered serum leptin levels compared to
the noneradicated cases.

In this study, we used IM as a marker of GC risk. This approach is based on various older
and more recent cohort studies comparing the GCincidence in subjects with and without IM
at baseline. We recently described in a nationwide study that approximately 2% of patients
with IM developed invasive GC within 10 years of follow-up.® This risk further increased con-
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siderably in those subjects who had additional signs of dysplasia.® For the development of
optimal screening and surveillance strategies, patients at high risk of progression to GC need
to be identified. Previous studies have shown that not only the most severe grading, but also
the intragastric extent of IM is an important marker for progression to GC and that pepsino-
gen levels can assess the extent of atrophic gastritis as well as IM.>'223%40 This observation
is consistent with our study in which the pepsinogen I ratio was significantly decreased in
patients with extensive IM (Table 4). However, serum leptin levels were of no additional value
in diagnosing extensive IM (Table 4).

This study described the association between serum leptin levels and IM. However, our
study design does not permit evaluating the exact mechanisms for the differences in leptin
levels we found. Potential weaknesses of our study are firstly that gastric IM is multifocal and
often indistinguishable by endoscopy. These factors make the results subject to sampling
error. To overcome this limitation, we obtained multiple gastric biopsies from five different
intragastric locations.

Despite this approach, the presence of IM was not confirmed in 27% of the case population
during the study surveillance endoscopy. Similar observations have been made in previous
studies.*! Excluding this group of patients from the analysis resulted in higher leptin levels
in cases (mean serum leptin levels of 119.7 pg/mL), with a similar association between serum
leptin levels and the presence of IM (p = .01). On the other hand, a previous study has shown
that biopsy sampling according to the updated Sydney classification is likely to underesti-
mate the true prevalence of IM in some 10% of cases (A. C. de Vries, unpublished data). This
implies that some of our controls were likely to have had undiagnosed IM. If so, this would
further strengthen the true correlation between increased serum leptin levels and IM.

Second, the majority of cases and controls were overweight. Despite controlling for pos-
sible confounders, unanticipated variables, including medical conditions, comorbidities or
medication use could have influenced the serum leptin levels in these patients. In addition,
although serum leptin levels were adjusted to BMI, diet effects could have influenced serum
leptin levels. Future studies using structured questionnaires are necessary to evaluate the
role of these possible confounders and the effect on serum leptin levels.

The strength of the study lies in the inclusion of a large cohort of patients with IM, the
confirmation of these preneoplastic conditions by an expert pathologist, and the inclusion
of a group of controls with no previous or current diagnosis of a premalignant gastric lesion
or GC.

In conclusion, serum leptin levels are significantly higher in patients with IM and can
serve as an independent predictor for IM. However, in combination with age, gender, and
pepsinogen | levels the additional value of leptin measurements for the presence of IM is
rather limited.
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Chapter 6

ABSTRACT

Background: Surveillance of premalignant gastric lesions relies mainly on random biopsy
sampling. Narrow band imaging (NBI) may enhance the accuracy of endoscopic surveillance
of intestinal metaplasia (IM) and dysplasia. We aimed to compare the yield of NBI to white
light endoscopy (WLE) in the surveillance of patients with IM and dysplasia.

Methods: Patients with previously identified gastric IM or dysplasia underwent a surveillance
endoscopy. Both WLE and NBI were performed in all patients during a single procedure. The
sensitivity of WLE and NBI for the detection of premalignant lesions was calculated by cor-
relating endoscopic findings to histological diagnosis.

Results: Forty-three patients (28/15 MF, mean age 59 yrs) were included. IM was diagnosed in
27 patients; 20 were detected by NBl and WLE, 4 solely by NBl and 3 by random biopsies only.
Dysplasia was detected in 7 patients by WLE and NBI and in 2 patients by random biopsies
only. Sixty-eight endoscopically detected lesions contained IM; 47 were detected by WLE and
NBI, 21 by NBI only. Nine endoscopically detected lesions demonstrated dysplasia; 8 were
detected by WLE and NBI, 1 was detected by NBI only. The sensitivity, specificity, positive and
negative predictive value for detection of premalignant lesions were 71%, 58%, 65% and 65%
for NBl and 51%, 67%, 62% and 55% for WLE.

Conclusions: NBI considerably increases the diagnostic yield of the detection of advanced
premalignant gastric lesions compared to routine WLE. NBI therefore seems superior to WLE
in the surveillance of patients with these advanced gastric lesions.
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INTRODUCTION

Helicobacter pylori is an important risk factor for gastric cancer due to the fact that it causes
chronic inflammation of the gastric mucosa in virtually all infected patients. In the multi-step
model of gastric carcinogenesis, this chronic inflammation may slowly progress through
the pre-malignant stages of atrophic gastritis, intestinal metaplasia and dysplasia to gastric
adenocarcinoma.” We have previously shown that the actual cancer risk for patients with any
of the pre-malignant conditions of the stomach is very similar to the cancer risk in patients
with a Barrett’s oesophagus or in those after removal of colonic adenoma.? Surveillance of
these pre-malignant lesions could lead to early detection of patients with disease progres-
sion, and thus to early intervention aiming at cancer prevention and improved survival of
these patients. However, recent investigation has demonstrated that current surveillance of
pre-malignant gastric lesions is at great discrepancy with the substantial gastric cancer risk
of these lesions.? Furthermore, studies have shown that a considerable proportion of patients
with dysplastic lesions are being missed in current routine gastroenterology practice.?

The golden standard for diagnosing these gastric lesions is histology of biopsy specimens.
The major shortcoming of this approach is the fact that pre-malignant lesions may occur
multifocally, and may thus be missed on random biopsy sampling. Although image quality of
standard endoscopes has improved dramatically over the past decades, endoscopic evalua-
tion of the condition of the gastric mucosa still correlates poorly with histological findings.*”
Therefore, a diagnosis of pre-malignant gastric lesions remains dependent on random biopsy
sampling during conventional gastroscopy.

Several new imaging techniques to overcome limitations of conventional white light
endoscopy (WLE) have been developed over the last decades. A promising technique is
narrow-band imaging (NBI). The principle of this new technique is based on modification of
the spectral characteristics of the optical filter in the light source, which leads to improved
visibility of mucosal structures. With use of different narrow-band filters in combination with
image magnification, mucosal structures can be very clearly demonstrated, among others
resulting in increased contrast between surface and vascular pattern.®

Several studies described the diagnostic accuracy of NBI in detecting gastrointestinal le-
sions.®® Based on these results, one might expect that the use of this technique for targeted
biopsy sampling can increase the diagnostic yield of endoscopy for primary detection of pre-
malignant gastric lesions. However, the additional value of NBI in the surveillance of patients
with pre-malignant gastric lesions is yet unclear and requires further investigation.

Therefore the aim of this study was to compare the yield of NBI over conventional white
light endoscopy (WLE) in the surveillance of patients with intestinal metaplasia and dysplasia,

using histology as reference value.
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METHODS

This single center, prospective study was carried out in the Erasmus MC in Rotterdam. The
study protocol was approved by the local Institutional Review Board. All patients provided
informed consent.

Patient selection and endoscopic procedure

Patients with previously identified intestinal metaplasia or dysplasia of the gastric mucosa
underwent a surveillance endoscopy. Patients with coagulopathy uncorrected at the time
of endoscopy or a thrombocytopenia (< 50 x 10° / I) were excluded. After informed con-
sent, both WLE and NBI were performed in all patients by a single endoscopist specialized
in NBI and WLE endoscopy of the gastric mucosa during a single procedure with a GIF180
endoscope (Olympus Optical, Hamburg, Germany). The procedure started with conventional
white light endoscopy. During endoscopy, all suspicious antral and angular gastric lesions
were photographed, videotaped, and documented on a specially designed scoring sheet in
terms of size (cm) and morphology (according to the Paris classification). During the same
setting, the stomach was carefully observed using the NBI system. Again, all suspicious antral
and angular gastric lesions were photographed, videotaped, and documented on the spe-
cially designed scoring sheet. NBI suspicious lesions for intestinal metaplasia were defined
as bluish-whitish areas with an irregular mucosal pattern, a complete loss of architectural
and mucosal pattern was suspicious for dysplasia. At least one targeted biopsy was taken
from all endoscopic lesions suspected for intestinal metaplasia or dysplasia by NBI or WLE.

Furthermore, 4 random biopsies were obtained; 2 from the antrum and 2 from the angulus.

Histological assessment

Biopsy specimens obtained from the stomach were fixed in buffered formalin and embedded
in paraffin. The specimens were sectioned at 4 um thickness, and stained by haematoxylin
and eosin. An expert pathologist specialized in Gl pathology reviewed the sections and was
blinded to endoscopic and clinical findings. Inflammation, atrophy, metaplasia and dysplasia

were classified according to the updated Sydney System and revised Vienna classification.'®'2

Statistical analysis

The number of patients with intestinal metaplasia or dysplasia detected by NBI and WLE
was evaluated. Furthermore, the number of endoscopically detected lesions which were
suspected for intestinal metaplasia or dysplasia by NBl and/or WLE were evaluated. These en-
doscopically suspected lesions were considered as the unit of analysis in this evaluation, even
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though some patients had more than 1 lesion. For the random biopsies, the overall diagnosis
of the antrum biopsies and the overall diagnosis of the angulus biopsies were considered
as unsuspected lesions by NBI or WLE. Each endoscopically suspected lesion (identified by
NBI and WLE) or unsuspected lesion (random biopsy) was considered as an independent
observation for statistical purposes. For each patient and each lesion only the most severe
pre-malignant grading was evaluated. For instance, patients with intestinal metaplasia and
with a concomitant diagnosis of dysplasia were classified as having dysplasia.

Sensitivity, specificity, positive and negative predictive values for the prediction of intestinal
metaplasia and dysplasia for NBl and WLE were calculated using histology as reference value.
Differences between NBI and WLE were assessed by using McNemar’s test and by analyzing
receiver operating characteristic (ROC) curves. In addition, a bootstrap resampling model
(using c-stat) was performed to calculate the difference between the discriminatory power
of both techniques.” ™ The data were submitted for statistical testing using the Statistical
Package for the Social Sciences (SPSS), version 11.0.

RESULTS

From May 2007 until December 2008, 43 patients (28 males, 15 females) with a mean age of
58.7 years (range 34 to 75 years) were included. Of these patients, 32 (74%) patients had a
previous diagnosis of intestinal metaplasia and 11 (26%) patients had a previous diagnosis of
dysplasia. The majority of patients (88%) were of Dutch descent. The baseline characteristics

Table 1. Baseline characteristics of patient population

Intestinal metaplasia n=32 (%) Dysplasia* n=11 (%)
Age (mean) (SD) 57.5(10.7) 63.1(9.8)
Sex
- Male 20(62) 8(73)
- Female 12(37) 3(27)
Ethnicity
- Caucasian 29(91) 9(82)
- Non-caucasian 309 2(18)
Smoking
- Non- smoker 19(59) 3(27)
- Current smoker 11(34) 3(27)
- Former smoker 2(6) 4(36)*
Alcohol
- Non-drinker 17 (53) 5 (45)
- Current drinker 15 (47) 5 (45)**
Medication use
- PPI 15 (47) 4(36)
- NSAIDs 309 2(18)
H. pylori eradication therapy 9(28) 5 (45)

*Dysplasia; low grade dysplasia n=10; high grade dysplasia n=1; ** one patient refused to answer questions concerning smoking and drinking habits
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of the patients are presented in Table 1. The mean interval between initial diagnosis and sur-
veillance endoscopy was 2.0 years (range 0.8-21.1yrs) for patients with intestinal metaplasia
and 1.9 (range 0.2-5.2 yrs) for patients with dysplasia.

Per patient analysis

Of the 43 patients that were included, 27 (63%) demonstrated intestinal metaplasia at sur-
veillance endoscopy and 9 (21%) patients demonstrated dysplasia (low grade dysplasia n=6;
high grade dyplasia n=3) (Table 2, Figure 1 & 2). In the remaining 7 (16%) patients no diag-
nosis of intestinal metaplasia or dysplasia was confirmed at surveillance endoscopy. Baseline
endoscopy had shown intestinal metaplasia in antrum and corpus mucosa in 5 (12%) and 2
(4%) of these patients respectively.

Table 2. Patients with histologically confirmed diagnosis of intestinal metaplasia (IM) or dysplasia (DYS)

Histologically confirmed

IM DYS Total
N=27 N=9 N=36*
Detected by
- WLE&NBI 20 7 27
- NBI 4 - 4
- WLE - - -
- Random biopsies 3 2 5

*In the remaining 7 patients no diagnosis of intestinal metaplasia or dysplasia was confirmed

Of the 27 intestinal metaplasia patients, 20 (74%) patients were detected by both WLE
and NBI, whereas 4 (15%) patients were detected solely by NBI. The remaining three (11%)
patients were detected by random biopsy sampling only. Of the 9 dysplasia patients, 7 (78%)
(low grade dysplasia n=4 and high grade dysplasia n=3) patients were detected by both WLE

Figure 1. WLE image and NBI image of intestinal metaplasia at the angulus
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Figure 2. WLE image and NBI image of dysplasia at the angulus

and NBI and not by random biopsies. In the remaining two (22%) patients, random biopsies
demonstrated foci with low grade dysplasia. NBl and WLE detected marked intestinal meta-
plasia but no dysplasia in these 2 patients.

Per lesion analysis

In total, 121 lesions in the gastric mucosa were endoscopically suspected for intestinal meta-
plasia or dysplasia after WLE and NBI (Table 3). Eighty-six (71%) of these endoscopic lesions
were suspected for intestinal metaplasia or dysplasia by both WLE and NBI. Two (2%) were
only suspected by WLE, and 33 (27%) were only suspected by NBI.

Table 3. Endoscopically suspected lesions and a histologically confirmed diagnosis of intestinal metaplasia (IM) or dysplasia (DYS)

Histologically confirmed

M DYS No IM/DYS Total
(n=68) (n=9) (n=44) (n=121)
Suspected lesions by
- WLE&NBI 47 8 31 86
- NBI 21 1 1 33
- WLE - - 2 2

Seventy-seven (64%) of these 121 endoscopically suspected lesions had a histopatho-
logical diagnosis of intestinal metaplasia (n=68) or dysplasia (n=9). For intestinal metaplasia
(n=68), 47 (69%) endoscopical lesions were detected both by WLE and NBI, the remaining 21
(30%) lesions were solely detected by NBI. For dysplasia (n=9), 8 (89%) endoscopic lesions
(low grade dysplasia n=5 and high grade dysplasia n=3) were detected by WLE and NBI,
whereas one (11%) lesion with low grade dysplasia was detected by NBI only.

Although all 121 endoscopic lesions were suspected for intestinal metaplasia or dyspla-
sia by NBI or WLE, forty-four (36%) of these 121 suspected lesions did not show intestinal

87



Chapter 6

metaplasia or dysplasia when histologically assessed. Thirty-one (70%) of these false positive
lesions were suspected both by WLE and NBI, two (5%) were suspected only by WLE, and 11
(25%) were suspected by NBI only.

The overall diagnosis of the random biopsies resulted in 27 additional endoscopically
suspected lesions which showed intestinal metaplasia and 4 lesions which showed low grade
dysplasia. All these regions had not been suspected endoscopically by NBI or WLE.

Based on these results, the sensitivity, specificity, positive and negative predictive value of
WLE endoscopy were 51%, 67%, 62% and 55% respectively. For NBI, the sensitivity, specificity,
positive predictive value and negative predictive value were 71%, 58%, 65% and 65%, respec-
tively. Specificity was marginally higher for WLE (p=0.04), whereas sensitivity was consider-
ably lower for WLE than for NBI (p<0.001). In addition, according to bootstrap resampling,
NBI was superior in detecting intestinal metaplasia and dysplasia versus normal mucosa than
WLE (p=0.03).

DISCUSSION

This study provides evidence that NBI yields more accurate results in the surveillance of
patients with intestinal metaplasia and dysplasia than conventional WLE. Firstly, we demon-
strated that 15% of the patients with intestinal metaplasia at surveillance endoscopy were
solely detected by NBI. Secondly, considerably more endoscopically detected lesions with
intestinal metaplasia were detected by NBI compared to WLE. And thirdly, the sensitivity for
the detection of advanced precursor lesions increased by 20% to 71% for NBI.

Similar to our observations, previous studies demonstrated promising results for NBI for
the detection of pre-neoplastic lesions in the gastrointestinal tract, in particular for colon
and esophagus.” The additional value of NBI in the detection of gastric pre-malignant lesions
remained less clear, especially in countries with a low gastric cancer incidence.

A Japanese study described a sensitivity and specificity of 89% and 93% respectively for the
detection of gastric intestinal metaplasia with NBI endoscopy.® This high accuracy compared
to our findings is probably explained by training differences that exist between Japanese and
Western gastroenterologists. Due to the high gastric cancer incidence, Japanese endoscopists
are trained to scrutinize gastric mucosal areas which are compatible with atrophy and early
cancer. Moreover, considerably more time is spent on a thorough mucosal examination, than
in Western countries.’® Another possible explanation for the high sensitivity and specificity
found in the previous study was the use NBI in combination magnification endoscopy.® In
Japan, it has been demonstrated that magnification endoscopy can accurately detect gastric
cancer during routine endoscopy.’”'® However, our study shows that in Western countries
with an overall low gastric cancer incidence, even without adding magnification, NBI endos-
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copy is of additional value for the detection of pre-malignant gastric lesions, in particular in
a surveillance setting.

Currently, the diagnosis of intestinal metaplasia and dysplasia is based on histological
evaluation of biopsy specimens. Since endoscopic diagnosis of pre-malignant lesions shows
high interobserver variability and has poor correlation to histological diagnosis, numerous
other endoscopic techniques have been developed to overcome these limitations in the last
decades.

Similar to NBI, the use of auto-fluorescence endoscopy demonstrated a high correlation
between Barrett’s esophagus and histological diagnosis. However, the correlation between
gastric cancer and this imaging technique still remains controversial.??* For chromoen-
doscopy, a previous study demonstrated a facilitated detection of early gastric cancer in
hereditary diffuse gastric cancer.?> Moreover, compared to auto-fluorescence endoscopy, the
equipment necessary for chromoendoscopy is widely available and the technique is often
quick and inexpensive. For some new staining techniques however, safety remains question-
able.*

Confocal endomicroscopy is a newly developed endoscopic technique that produces
1000-fold magnification cross-sectional images. This new technique can accurately predict
the presence of early cancer in targeted areas, and a recently published gastric pit-pattern
classification for the prediction for gastritis and atrophy showed a high correlation with
histology.” 2¢ Nevertheless, confocal endomicroscopy is not able to completely replace
histology and interobserver and intraobserver agreement for this pit-pattern classification
remains unknown. Furthermore, the technique is too elaborate to be used for assessment of
the complete gastric mucosa.

Compared to these new techniques, magnification endoscopy demonstrated best sen-
sitivities and specificities for a diagnosis of atrophic gastritis or gastric cancer. However,
similar to NBI, most of these previous studies were of Japanese origin and mostly included
low numbers of patients.!” %2728 |n addition, despite the promising results of magnification
endoscopy, uniform classification criteria of this technique have till this date not been con-
firmed in large controlled trials in Western or Eastern countries.

Since our study shows that NBI has a low specificity and suboptimal sensitivity for the
detection of preneoplastic gastric lesions, a combination of both NBI as well as magnification
is likely to provide the best alternative with current endoscopical practice. Previous studies
already demonstrated a high correlation between microvascular patterns found with NBI
in combination with magnification, and a diagnosis of gastric cancer.* ?® Therefore, further
research in a prospective study design is necessary to evaluate whether NBI in combination
with magnification also yields adequate results for the detection and surveillance of patients
with intestinal metaplasia or dysplasia in Western countries.

Previous studies demonstrated that surveillance of patients with pre-malignant gastric le-
sions should preferably be limited to patients at high risk of gastric cancer.? A risk score based
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on histology only (OLGIM staging system) or a broader risk classification including several
clinical and laboratory parameters have been described.?®3' For either method, adequate
biopsy sampling at baseline is essential. In this study we show that NBI has the potential to
increase and optimalize the yield of biopsies with intestinal metaplasia. However, although
NBI shows an improved sensitivity for the detection of premalignant gastric lesions over WLE,
random biopsy sampling is still necessary in the surveillance of patients with pre-malignant
gastric lesions. This is illustrated by the fact that three patients with intestinal metaplasia
and two patients with dysplasia were not detected after WLE and NBI endoscopy and were
only diagnosed with these pre-malignant lesions after histological evaluation of the random
biopsies. Therefore, targeted and random biopsies seem essential for accurate surveillance
of patients with pre-malignant gastric lesions. A further study in our department concerning
the use of random and targeted biopsies, demonstrated that 9 random biopsies from cardia,
corpus, in particular along lesser curvature, angulus and antrum are required for optimal de-
tection of pre-malignant gastric lesions in a population at low gastric cancer risk.>2 However,
similar to this previous study, in a small percentage of patients of our study, intestinal meta-
plasia was not confirmed during surveillance endoscopy. Since these patients all underwent
endoscopy with extensive biopsy sampling, we assume that the majority, if not all of these
patients had a patchy and limited extent of metaplasia and thus a low gastric cancer risk.

Some limitations of this study warrant consideration. Firstly, the endoscopic procedure
of WLE and NBI was performed by the same endoscopist. Therefore, detection of intestinal
metaplasia and dysplasia by NBI could possibly be biased by the previous white light obser-
vations, resulting in an overestimation of the detection rate of NBI. Secondly, only recently it
has been demonstrated that the severity and extent of atrophic gastritis and intestinal meta-
plasia are adequate predictors of gastric cancer risk. 333 Antrum and angulus were selected
in this study because these are the regions of particular interest with the highest prevalence
of intestinal metaplasia. Nevertheless, the protocol used in this study is also applicable to
the proximal part of the gastric mucosa. A large further study is necessary to confirm that
NBI in combination with random biopsy sampling may accurately detect extensive intestinal
metaplasia in patients with pre-malignant gastric lesions.

Thirdly, although NBI showed an increased detection rate for intestinal metaplasia and
dysplasia, it was also related to a higher rate of false positivity than WLE (Table 3). This higher
rate does however not imply increasing costs for surveillance, as the decision to embark on
surveillance remains dependent on confirmation of endoscopic findings by histology.

In conclusion, NBI considerably increases the diagnostic yield of the detection of advanced
premalignant gastric lesions compared to routine WLE. Therefore, NBI seems superior to WLE
in the surveillance of patients with these advanced lesions of the gastric mucosa.
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ABSTRACT

Background: The OLGA (operative link on gastritis assessment) staging system is based on
severity of atrophic gastritis (AG). AG remains a difficult histopathologic diagnosis with low
interobserver agreement, whereas intestinal metaplasia (IM) is associated with high interob-
server agreement.

Objective: The aim of this study was to evaluate whether a staging system based on IM is
preferable to estimate gastric cancer risk.

Design and Setting: Prospective multicenter study.

Patients: A total of 125 patients previously diagnosed with gastric IM or dysplasia.
Interventions: Surveillance endoscopy with extensive biopsy sampling.

Main Outcome Measurements: Three pathologists graded biopsy specimens according to the
Sydney classification. Interobserver agreement was analyzed by kappa statistics. In the OLGA,
AG was replaced by IM, creating the OLGIM.

Results: Interobserver agreement was fair for dysplasia (k = 0.4), substantial for AG (k = 0.6),
almost perfect for IM (k = 0.9), and improved for all stages of OLGIM compared with OLGA.
Overall, 84 (67%) and 79 (63%) patients were classified as stage I-IV according to OLGA and
OLGIM, respectively. Of the dysplasia patients, 5 (71%) and 6 (86%) clustered in stage Ill-IV of
OLGA and OLGIM, respectively.

Limitation: Prospective studies should confirm the correlation between gastric cancer risk
and OLGIM stages.

Conclusion: Replacement of AG by IM in the staging of gastritis considerably increases
interobserver agreement. The correlation with the severity of gastritis remains at least as
strong. Therefore, the OLGIM may be preferred over the OLGA for the prediction of gastric

cancer risk in patients with premalignant lesions.
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INTRODUCTION

The presence of atrophic gastritis (AG), intestinal metaplasia (IM), and dysplasia of the gastric
mucosa are important risk factors for the intestinal type of gastric cancer."? Surveillance of
patients with these lesions may therefore result in early detection and improved prognosis.?
However, an earlier study demonstrated that within a Western population, the progression
rate to gastric cancer within 10 years was high for patients with dysplasia, but only 0.8% and
1.8% for patients with AG and IM, respectively.® This indicates that surveillance endoscopy is
highly recommended for patients with dysplasia, but not indicated for all patients with AG
and IM, and should preferably be limited to patients at high gastric cancer risk. However, up
to now no guidelines are available on endoscopic surveillance of patients with premalignant
gastric lesions.

Although several histologic classifications have been proposed for the classification of
premalignant gastric lesions, clinical implications based on these histologic systems are
lacking.** Consequently, histologic subclassification of premalignant gastric lesions is often
omitted in clinical practice. Only recently, a histologic classification system was proposed
to grade gastritis into stages with corresponding cancer risks in individual patients: the op-
erative link on gastritis assessment (OLGA).%” Two validation studies reported that the OLGA
provides clinically relevant information and, as a consequence, identifies a subpopulation of
patients that are at high risk of gastric cancer and may benefit from surveillance.??

However, one potential shortcoming of the OLGA is the fact that its main parameter is the
severity and the extent of AG. Studies have shown that the interobserver agreement for AG
is low, even after the updated Sydney system provided visual analog scales for its evalua-
tion_4,10—12

Intestinal metaplasia is defined as replacement of gastric columnar cells by cells of intes-
tinal morphology and is characterized by the presence of mucin-containing goblet cells,
Paneth cells, and absorptive cells.”* These cells are easily distinguished in the gastric mucosa,
because they are not present in healthy gastric mucosa. Therefore, IM is associated with a
high interobserver agreement.*'* A histologic staging system based on IM might yield ad-
ditional and more accurate results for the identification of a subpopulation of patients at
high gastric cancer risk. Therefore, the aim of the present study was to evaluate interobserver
agreement for AG, IM, and dysplasia and to assess whether a staging system based on IM
instead of AG may be preferred to estimate gastric cancer risk.
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METHODS

Patient selection

We studied 2 groups of patients. The first group included patients with a previous diagnosis
of gastric IM or dysplasia. For that purpose, we used the records between 1994 and 2009 of
the histology registries of the participating hospitals (Deventer Hospital, Deventer; Rijnstate
Hospital, Arnhem; Erasmus Medical Center, Rotterdam, The Netherlands) to identify patients
who were eligible for inclusion. In these registries with full coverage of all histopathologi-
cal specimens, all biopsy specimens receive a diagnostic code, similar to the Systematized
Nomenclature of Medicine classification of the College of American Pathologists.' This code
consists of a term indicating the anatomic location, type of sample, and a morphologic term
describing the finding. The diagnostic codes that were used to identify patients with IM or
dysplasia were “intestinal metaplasia” or “dysplasia.” Consecutive patients with a histologically
confirmed diagnosis of IM or dysplasia of the gastric mucosa (index diagnosis) were invited
to undergo a surveillance endoscopy between March 2006 and June 2007. The surveillance
endoscopy was performed within 6 years after the initial diagnosis of IM. The baseline
endoscopy had in all cases been performed on clinical grounds, usually because of upper
Gl symptoms. None of the patients had been enrolled in a surveillance program after the
baseline endoscopy.

The second group included patients with gastric cancer. These were also selected from the
same database, using the diagnostic codes “gastric carcinoma” and “gastric adenocarcinoma.”
Patients with a history of esophageal or gastric surgery were excluded. For the purpose of
this study, biopsy specimens from the noncancerous antrum and corpus mucosa were stud-
ied after histologic confirmation of the diagnosis of cancer.

The study was approved by the Institutional Review Boards of the Erasmus Medical Center.
All patients of the first group were included after informed consents. For the second group of
patients, the informed consent procedure was waived, based on the fact that the study only
anonymously assessed their archived histologic specimens.

Endoscopy

All patients with a previous diagnosis of IM and dysplasia underwent a surveillance upper Gl
endoscopy by using a standard video endoscope (Olympus GIF-Q160; Olympus Optical Co.,
Tokyo, Japan). Surveillance endoscopy was performed to evaluate the severity and extent
of premalignant gastric lesions. Therefore, extensive biopsy samples were obtained for his-
tology from 12 standardized sites as described perviously'®: 4 from the antrum, 4 from the
corpus (2 from the lesser curvature, 2 from the greater curvature), 2 from the angulus, and 2
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from the cardia. In case of endoscopically visible lesions, additional targeted biopsy samples
were obtained.

Histology

Three expert Gl pathologists, who were blinded for the endoscopic findings, independently
assessed all biopsy specimens of the surveillance endoscopy. The type and grade of the differ-
ent stages of gastric preneoplastic changes were classified according to the updated Sydney
system and scored as 0 (absent), 1 (mild), 2 (moderate), or 3 (marked) by using the Sydney
system visual analog scale.* Dysplasia was assessed according to the revised Vienna classifica-
tion."2nd Bl On the basis of the standardized sites, the gastritis stage was assessed according
to the OLGA (Table 1).¢ For the development of the IM staging system (operative link on gas-
tric intestinal metaplasia assessment [OLGIM]), AG in the OLGA was replaced by IM (Table 2).
AG and IM were scored in all biopsy specimens from antrum, angulus, and corpus lesser and
greater curvature by using the visual analog scale of the updated Sydney classification (Fig.
1).* For a consensus diagnosis, the final diagnosis was based on the majority diagnosis, ie, at
least 2 of 3 pathologists agreed, or a mean score in case 3 pathologists disagreed. Antrum

Table 1. The OLGA staging system [6]

Corpus
Atrophy score No atrophy Mild atrophy Moderate atrophy Severe atrophy
(score 0) (score 1) (score 2) (score 3)
No atrophy (score 0) Stage 0 Stage | Stage Il Stage |l
(including incisura angularis)
Mild atrophy (score 1) Stage Stage | Stage ll Stage Il
% (including incisura angularis)
5 Moderate atrophy (score 2) Stagell Stage ll Stage lll
(including incisura angularis)
Severe atrophy (score 3) Stage lll Stage Ill
(including incisura angularis)
Table 2. Proposal for the OLGIM staging system
Corpus
Intestinal metaplasia score Nointestinal ~ Mild intestinal Moderate intestinal ~ Severe intestinal
metaplasia metaplasia metaplasia (score metaplasia
(score 0) (score 1) 2) (score 3)
No intestinal metaplasia (score 0) Stage 0 Stage | Stagell Stage Il
(including incisura angularis)
Mild intestinal metaplasia (score 1) Stage | Stage| Stage ll Stage lll

(including incisura angularis)

£
g Moderate intestinal metaplasia (score 2) Stage |l Stage I Stage Il
< (including incisura angularis)
Severe intestinal metaplasia Stage lll Stage lll
(score 3)

(including incisura angularis)
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Normal Mild Moderate Marked Normal Mild Moderate Marked

Mononuclear Cells Intestinal Metaplasia

Figure 1. Visual analogue scale [4]
Atrophic gastritis and intestinal metaplasia were scored according to visual analogue scale of the updated Sydney classification as previously
published by Dixon MF, et al. Am J Surg Pathol 1996; 20:1161-81. [4]

and angulus were considered together as representative of the distal (nonoxyntic) gastric
mucosa (antrum score), and corpus greater and lesser curvature were considered together
as representative of the oxyntic gastric mucosa (corpus score). Combining the antrum and
corpus score for AG resulted in the OLGA gastritis stage score, and a combination of the IM
scores resulted in the OLGIM staging score (Table 2).

For the gastric cancer cases, 1 expert Gl pathologist assessed all biopsy specimens of pa-
tients with gastric cancer. The type and grade of atrophic gastritis and intestinal metaplasia
were assessed according to the updated Sydney classification in biopsies from the non can-
cerous mucosa of the antrum and corpus mucosa. These scores were combined to evaluate
OLGA and OLGIM staging in gastric cancer patients.

Statistical analysis

Interobserver agreement was determined by using kappa statistics for multiple raters."”
Kappa statistics are widely used mathematical coefficients adjusting for agreement by chance
alone. Kappa values between 0 and 1 were categorized after Landis: 0 is no agreement, 0.01
to <0.20 is slight agreement, 0.21 to <0.40 is fair agreement, 0.41 to <0.60 is moderate agree-
ment, 0.61 to <0.80 is substantial agreement, and 0.81 to <1.0 is almost perfect agreement.®
Kappa statistics were evaluated for AG, IM, and dysplasia in the random and targeted biopsies
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to assess the overall agreement. For the agreement per intragastric location, kappas were
calculated for the presence of AG, IM, and dysplasia in the random biopsies. The stages 0-1V
of the OLGA and the stages 0-1V of the OLGIM were evaluated for agreement, patient charac-
teristics, patient distribution, and gastric cancer risk. Categoric variables were compared by
using chi-square tests and the McNemar test. A 2-sided P value of <.05 was considered to be
statistically significant.

RESULTS

Overall, 204 patients were eligible for inclusion. Contact information was missing or wrong
in 28 patients, and 51 patients refused to participate in this study. In total, 125 patients with
a previous diagnosis of IM or dysplasia (69 male, 56 female) with a mean (+SD) age of 61 +
11.7 years underwent surveillance endoscopy (Table 3). Ninety-eight patients (78%) were of
Dutch origin, 53 patients (42%) had a previous history of Helicobacter pylori eradication, and
41 patients (33%) had a history of peptic ulcer disease. According to the index histologic
findings, 63 patients (50%) had been diagnosed with IM and 62 (50%) with dysplasia (Table

Table 3. Baseline characteristics and OLGA and OLGIM staging of our study population

OLGA staging OLGIM staging

Total Stage0 Stage1 Stage2 Stage3 Stage4 Stage Stage Stage Stage  Stage

n=125 (%) 0 1 2 3 4
N 125 41 24 30 22 8 46 22 28 20 9
Sex
- Male 69 (55) 26 1" 15 14 3 27 1" 14 14 3
- Female 56 (45) 15 13 15 8 5 19 1 14 6 6
Age mean (SD) 61(11.7) 569 64.4 63.7 60.6 66.4 58.0 63.2 63.0 61.8 66.0
Ethnicity
- Caucasian 98 (78) 26 20 27 17 8 32 17 24 16 9
- Non-Caucasian 27 (22) 15 4 3 5 0 14 5 4 4 0
Medication use
- PPI 74 (59) 25 15 14 13 7 28 13 12 13 8
- NSAIDs 22(18) 33 3 7 3 1 7 5 6 2
H. pylori eradication 53 (42) 18 M 9 n 4 19 9 8 13 4
Index endoscopy
- M 63 (50) 21 9 18 " 4 24 9 16 10
- DYS 62 (50) 20 15 12 1 4 22 13 12 10
Surveillance
endoscopy
- None 33(26) 33 0 0 0 0 33 0 0 0 0
- AG 9(7) 2 6 0 1 0 9 0 0 0 0
- M 76 (61) 6 17 29 19 5 4 22 27 18 5
- LGD 5(4) 0 1 1 1 2 0 0 1 1 3
- HGD 2(2) 0 0 0 1 1 0 0 0 1 1

IM: Intestinal metaplasia; DYS: dysplasia; AG: atrophic gastritis; LGD: low grade dysplasia; HGD: high grade dysplasia
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3). At surveillance endoscopy, 9 patients (7%) were diagnosed with AG and 76 (61%) with IM
as the most advanced lesion. Low-grade and high-grade dysplasia were diagnosed in 5 (4%)
and 2 (2%) patients, respectively. In the remaining 33 patients (26%), no premalignant lesion
was diagnosed, and 29 (89%) were diagnosed with chronic active gastritis.

The biopsy specimens of 30 patients with a diagnosis of gastric cancer were collected.
After histologic revision, the biopsy specimens of 10 (33%) of these patients were excluded
because either the antrum or the corpus specimens did not contain noncancerous tissue re-
quired for OLGA and OLGIM classification. The biopsy specimens of the 20 remaining gastric
cancer patients (67%) were included for gastric cancer risk assessment.

Interobserver agreement

Overall, agreement between 3 Gl pathologists was moderate to substantial for AG (k = 0.6)
and almost perfect for IM (k = 0.9) (Table 4). There was slight agreement for low-grade dyspla-
sia and moderate agreement for high-grade dysplasia (k = 0.2 and k = 0.5, respectively). Table
4 demonstrates the agreement for the overall diagnosis, based on random and targeted
biopsies together, as well as the agreement per intragastric localization based on random bi-
opsies only. The agreement for antral and angular random biopsies for AG was moderate (k =
0.5 and k= 0.6, respectively), whereas agreement for IM for both intragastric localizations was
almost perfect (k = 0.8 and k = 0.9, respectively). For corpus biopsies, overall agreement for
AG was substantial to almost perfect for corpus greater curvature and corpus lesser curvature
and was almost perfect for both localizations for IM (Table 4). Agreement for dysplasia varied
from no or slight agreement for the antrum, angulus, cardia, and greater curvature biopsies
of the corpus to fair agreement for the corpus lesser curvature. Table 5 demonstrates the
agreement for the stages of OLGA and OLGIM. The overall agreement was fair for the OLGA
and moderate for the OLGIM. Both the individual stages Ill and IV as well as their combination
had an improved interobserver agreement in the OLGIM compared with the OLGA (Table 5).

Table 4. Interobserver agreement (kappa values) for the overall agreement and agreement per intragastric localisation

Overall* Antrum# Angulus# Corpus greater Corpus lesser Cardia#
curvature# curvature#
AG 0.64 047 0.59 0.77 0.85 0.57
M 0.87 0.81 0.88 0.90 0.95 0.86
DYS 041 0.18 0 0 0.49 0
-LGD 0.18 0.20 0 0 027 0
-HGD 0.55 0 .§ .§ 0 .§

*Targeted and random biopsies; # Random biopsies; § No patients were diagnosed with HGD in antrum, angulus or cardia; AG: atrophic
gastritis; IM: intestinal metaplasia; DYS: dysplasia; LGD: low grade dysplasia; HGD: high grade dysplasia;
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Table 5. Interobserver agreement (kappa values) for different stages of the OLGA and OLGIM staging system

OLGA OLGIM
Stages:

0-v 038 058
0 0.56 0.88
I 0.19 048
[ 029 031
n 036 048
\Y 048 0.59

M-V 048 061

OLGA versus OLGIM

Eighty-four patients (67%) were classified as stage I-IV according to the OLGA (stage |, n = 24;
stage Il, n = 30; stage lll, n = 22; stage IV, n = 8) and 79 patients (63%) were classified as stage
I-IV according to the OLGIM (stage |, n = 22; stage Il, n = 28; stage lll, n = 20; stage IV, n =9) (P
=.23). The baseline characteristics were not significantly different between the stages 0-1V of
the OLGA and the stages 0-1V of the OLGIM (Table 3). In total, 30 patients (24%) clustered in
stage lll-IV in the OLGA and 29 patients (23%) clustered in stage llI-IV in the OLGIM.

Table 6 demonstrates the differences between patient distribution in the stages 0-IV
according to the OLGA and patient distribution in the stages 0-1V according to the OLGIM.
Overall, in 104 patients (83%) the gastric cancer risk was classified equally in the OLGIM and
the OLGA. The gastric cancer risk of 13 patients (10%) was downgraded with the OLGIM
compared with the OLGA, whereas 8 patients (6%) were classified as having a higher risk
(Table 6). Among the 13 patients that were downgraded according to the OLGIM, the most
severe grade of IM was mild in 3 patients (23%), moderate in 1 patient (8%), and marked in 1
patient (8%). The remaining 8 patients (62%) demonstrated no IM, but marked AGin 1 patient
(8%), moderate AG in 1 patient (8%), and mild AG in 6 patients (46%). Within the group of 8
patients who were classified as having a higher gastric cancer risk according to the OLGIM,
the most severe grade of IM was mild in 3 patients (37.5%) and moderate in 2 patients (25%).
In addition, 3 patients (37.5%) had a most-severe diagnosis of marked IM, of which 2 also had
a diagnosis of low-grade dysplasia.

Table 6. Patient distribution in the OLGA staging system versus the OLGIM staging system

OLGIM Total
Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
Stage 0 38 3 0 0 0 41
- Stage 1 6 16 1 1 0 24
g Stage 2 1 2 25 2 0 30
Stage 3 1 1 2 17 1 22
Stage 4 0 0 0 0 8 8
Total 46 22 28 20 9 125

103



Chapter 7

Of the dysplasia patients, 5 patients (4%) had a diagnosis of low-grade dysplasia and 2
patients (2%) had a diagnosis of high-grade dysplasia. The prevalence of dysplasia in stage
INI-IV was 17% (5/30) and 21% (6/29) for the OLGA and the OLGIM, respectively (Table 3). Both
patients with high-grade dysplasia clustered in stage lll-IV of the OLGA as well as the OLGIM.
Out of the low-grade dysplasia patients, one patient was reclassified in stage Ill according to
the OLGIM instead of stage | according to the OLGA, and 1 patient was reclassified in stage IV
according to the OLGIM instead of stage Il in the OLGA. A significant association was dem-
onstrated between the severity of gastritis staging based on dysplasia and the stages I-IV
in the OLGA as well as between the severity of gastritis based on dysplasia grading and the
stages |-IV in the OLGIM (P =.02 and P =.001, respectively). In addition, considering together
stages O-ll versus stages llI-IV also resulted in a significant association between stages IlI-IV
and dysplasia for the OLGA as well as the OLGIM (P < .01 and P < .001, respectively).

In the analysis of patients with gastric cancer, 10 patients (50%) were diagnosed with
intestinal-type gastric cancer and 10 patients (50%) with diffuse-type gastric cancer. Of the
10 intestinal-type gastric cancer patients, 5 (50%) were classified in stage lll-IV of both the
OLGA and OLGIM, and 5 (50%) were classified in stage 0-ll of both OLGA and OLGIM. Out
of the 10 diffuse type gastric cancer patients, 1 (10%) was classified in stage llI-IV of both
OLGA and OLGIM, whereas 9 (45%) were classified in stage O-1l of both OLGA and OLGIM.
In addition, significantly more patients with intestinal-type gastric cancer were classified in
stage Ill-IV of OLGA and OLGIM than those with diffuse-type gastric cancer patients (P = .05).

DISCUSSION

This study demonstrates that replacement of AG by IM in the staging of gastritis increases
interobserver agreement considerably. In addition, the correlation with the severity of gas-
tritis remains at least as strong. Therefore, the OLGIM may be preferred over the OLGA for the
prediction of gastric cancer risk in patients with pre-malignant gastric lesions.

Endoscopic follow-up of premalignant gastric lesions should be limited to patients at
high cancer risk. H. pylori virulence, environmental factors, and the presence of concomi-
tant associated lesions are well-known risk factors.”? In addition, the intragastric extent,
distribution, and severity of premalignant gastric lesions have consistently been related to
gastric cancer risk. For instance, the severity and extent of IM are important predictors of
gastric cancer risk,'***?” with a more than 5-fold increased risk of gastric adenocarcinoma in
patients with IM involving the lesser curvature of the corpus.?> However, diagnoses of AG, IM,
and even dysplasia are often disregarded in clinical practice.® Recently, the OLGA system was
proposed to improve clinical relevance of histologic findings regarding prognosis, therapy,
and management of patients with premalignant gastric lesions.® Although this system has
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great potential in guiding clinical decisions, the use of AG as the principal parameter may be
its major drawback, most importantly for reasons of reproducibility.

The present study shows that the level of agreement on a diagnosis of AG according to the
Sydney classification is moderate at best. In contrast, agreement on the presence of IM was
almost perfect. These observations are in line with earlier studies. Despite the simple defini-
tion of atrophy and the introduction of visual analog scales, the agreement for presence and
grading of AG was slight to moderate (kappas for AG ranged from 0.08 to 0.5), whereas agree-
ment on the diagnosis of IM was substantial to almost perfect (kappa values from 0.68 to
0.92).10111428 As was shown in earlier studies, we demonstrated thatimproved agreement was
observed for AG from the oxyntic mucosa biopsies compared with biopsies from the antrum,
which is explained by the small number of gastric glands in normal antral mucosa.'>2%3

Gastric dysplasia is often a difficult histologic diagnosis, which results in poor interobserver
agreement.?' In addition, geographic differences exist for the assessment of dysplasia and
gastric cancer between the East and the West, despite the introduction of classification
systems.>'3 323 The present study confirmed that agreement for low-grade dysplasia still
remains extremely poor (kappa value 0.2), whereas for high-grade dysplasia, agreement
was moderate (kappa value 0.6). The disagreement for the diagnosis of low-grade dysplasia
among our 3 expert pathologists implies that clinical decisions in difficult cases may not
benefit from multiple expert opinions. In contrast, a third expert opinion adds to agreement
on the diagnosis of high-grade dysplasia and may guide clinical decisions on surveillance or
intervention.

In this study, IM was proposed as marker for assessing gastric cancer risk. IM is the next
step in the Correa model for gastric cancer development.’ In this model, AG progresses to
IM, which can progress to dysplasia and eventually to gastric adenocarcinoma over a time
frame of several years to decades. The effectiveness of IM instead of AG in predicting gastric
cancer remains dependent on the reproducibility for this proposed marker and the inclusion
of a subpopulation of patients at high gastric cancer risk. The present study shows that in line
with the higher interobserver agreement for IM compared with AG, the replacement of AG in
the OLGA by IM (OLGIM) improves reproducibility and thus leads to a more consistent gastric
cancer risk assessment in patients with premalignant gastric lesions. With this adaptation,
fewer patients were categorized in stage I-IV and particularly in stages Ill-IV in the OLGIM,
creating a smaller population for whom surveillance should be considered. In addition, the
correlation between the severity of gastritis for OLGA and OLGIM stages remains at least as
strong for AG, IM, and dysplasia patients. For these reasons, the OLGIM may result in a smaller
and better-defined subpopulation of patients at risk of gastric cancer compared with the
OLGA. As a result, use of the OLGIM might lead to more feasible and cost-effective surveil-
lance strategies for patients at risk of gastric cancer and a more consistent gastric cancer risk
assessment. This is clinically relevant, because gastric cancer remains a common condition,
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but other than with conditions like Barrett’s esophagus or colonic adenomas, most endosco-
pists do not know how to manage patients with premalignant gastric lesions.

Emphasizing the OLGIM as an additional parameter to the OLGA rather than an alternative
parameter seems unjustified. However, in clinical decision making, the histologic system
should preferably be combined with individual risk factors for gastric cancer,'**3¢ as was
illustrated by 2 cases with moderate and marked AG, which were downgraded according to
the OLGIM compared with staging with the OLGA.

A few limitations of our study warrant consideration. First, although both OLGA and OLGIM
stages O-1l were common in the mucosa surrounding gastric cancer, we did not demonstrate
significant differences between both classifications; however, we included only a small
number of patients. Therefore, this analysis supports our main finding that assessment of AG
may be replaced by assessment of IM when staging gastritis. Large prospective studies with
adequate follow-up, in several countries with a wide spectrum of gastric cancer incidences,
are necessary to confirm our data and to evaluate the prognostic value of both staging
systems.®® Second, 3 expert Gl pathologists assessed gastric biopsies in this study. Therefore,
interobserver agreement may be higher than in routine clinical practice. However, the far-
from-perfect kappa values for AG emphasize that gastritis staging according to the OLGA
should probably not be introduced for routine assessment. Third, we obtained 12 biopsy
specimens instead of 5 biopsy specimens according to the Sydney classification. However,
it remains controversial whether those 5 biopsy specimens are sufficient for an adequate
diagnosis of IM and dysplasia.**” Moreover, owing to the sometimes patchy distribution of
premalignant lesions, the risk of missing these lesions is high. Therefore, we think that our
biopsy strategy in the present study is justified, and that correlation between OLGIM stages
and gastric cancer risk increases with this strategy. Finally, it remains unclear which patients
with dysplasia will develop gastric cancer. However, an earlier large study demonstrated that
4% to 33% of patients with mild to severe dysplasia develop gastric cancer within 10 years.?
Because the OLGIM seems to predict dysplasia more adequately than the OLGA, the use of
this new staging system may lead to optimal patient identification with the aim of further
reducing gastric cancer incidence in the future.

In conclusion, IM staging yields more accurate results regarding reproducibility and at
least as strong results in assessing the severity of the disease compared with AG staging.
These observations support the use of the proposed OLGIM for gastric cancer risk assess-
ment instead of the OLGA, and provide clinicians with an easy tool to identify patients with
advanced premalignant gastric lesions. However, owing to the lack of long-term outcomes
and the relatively small number of patients with gastric cancer included in this study, larger
long-term prospective studies are needed to confirm the correlation between OLGIM stages
and gastric cancer risk.
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ABSTRACT

Background & Aims: Although gastric cancer forms part of the Lynch syndrome tumor spec-
trum, the risk of developing gastric cancer in Lynch syndrome families is unknown, resulting
in a lack of clear guidelines for surveillance. The aim of this study was to evaluate incidence
trends and risk of developing gastric cancer among Lynch syndrome mutation carriers in a
Western population.

Methods: Lynch syndrome mutation carriers were selected from the Dutch Hereditary Cancer
Registry. The gastric cancer incidence in Lynch syndrome mutation carriers was compared to
the gastric cancer incidence in the Dutch population between 1970 and 2003. Standardized
incidence ratios were calculated by a Poisson model. Cumulative risks were calculated by
Kaplan-Meier analysis.

Results: Overall, 2014 Lynch syndrome mutation carriers were identified. Gastric cancer was
diagnosed in 32 (1.6%) subjects (male/female: 21/11), 22 (69%) of them had a negative family
history of gastric cancer. The standardized incidence ratios of gastric cancer was 3.4 (95%
confidence interval, 2.1-5.2) and showed a nonsignificant decline between 1970 and 2003
(P =.30). Absolute risk of developing gastric cancer also showed no significant change over
time (P =.51). Lifetime risk of developing gastric cancer was 8.0% in males vs 5.3% in females
(P =.02), and 4.8% and 9% for MLH1 and MSH2 carriers, respectively. None of the 378 MSH6
carriers developed gastric cancer (P =.002 vs MLH1 and MSH2 combined lifetime risk).
Conclusions: Lynch syndrome mutation carriers have a substantial risk for gastric cancer, in
particular patients with an MLH1 or MSH2 mutation. Family history for gastric cancer is a poor
indicator for individual risk. Surveillance gastroscopy for Lynch syndrome patients carrying
an MLH1 or MSH2 mutation should therefore be considered.
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INTRODUCTION

Hereditary nonpolyposis colorectal cancer (also known as Lynch syndrome) is the most
common dominantly inherited colorectal cancer syndrome.” This syndrome is caused by
germ-line mutations in 4 mismatch repair genes (MLH1, MSH2, MSH6, and PMS2), resulting
in development of a spectrum of different tumors.>* These in particular include colorectal
cancer and endometrial cancer, with a lifetime risk of 60-80% and 30-70%, respectively.®
Consequently, screening of Lynch syndrome families for these types of cancer has been
widely accepted.

Apart from these commonly associated cancers, gastric cancer also forms part of the Lynch
syndrome tumor spectrum.®'® However, incidence of Lynch syndrome-associated gastric
cancer seems to depend on geography and time. A century ago, with the first description of
Lynch syndrome, gastric cancer did predominate over colorectal cancer, with the syndrome
presenting as hereditary gastric cancer."' Today, in Western countries, gastric cancer is,among
Lynch syndrome carriers, far less common than colorectal cancer and occurs, on average, at
an older age.

However, because clear incidence rates are lacking and the actual risk of gastric cancer
in Lynch syndrome families is largely unknown, surveillance strategies for gastric cancer in
Lynch syndrome are controversial. Therefore, the aim of this study was to determine whether
surveillance of gastric cancer is indicated in Lynch syndrome families in a Western population
by evaluating incidence trends and relative and cumulative gastric cancer risks for known
and putative Lynch syndrome mutation carriers.

METHODS

Hereditary Cancer Registry

In the Netherlands, families with Lynch syndrome are registered at the nationwide Dutch He-
reditary Cancer registry. A detailed description of the registry’s approach has been described
elsewhere.’? Briefly, families suspected for Lynch syndrome are referred by specialists and
genetic centers to the registry from all parts of the Netherlands. In the 1980s, genetic field
workers worked in cooperation with clinical and genetic centers to perform genealogical
studies. Today, analysis of the families is performed by the collaborating cancer family clinics
at university centers in the Netherlands. The main goal of the registry is to promote early
detection of cancer in high-risk families. Therefore, all individual family members are offered
registration after confirmation of diagnosis of Lynch syndrome. Written informed consent is
required for registration. The registry not only serves as information and counseling service,
but also registers adherence to and outcomes of surveillance of all registered patients.
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Patient Selection and Data Collection

Registered families were eligible for the study if at least 1 family member was identified with
a germ-line mutation in one of the mismatch repair genes. Of 236 families with an identified
mutation, 81 families harbored an MLH1 mutation, 105 an MSH2 mutation, 49 an MSH6 mu-
tation, and 1 family harbored a PMS2 mutation. All proven mutation carriers and putative car-
riers were selected. If subjects tested positive for a mismatch repair gene mutation or when
subjects were obligatory to be a mutation carrier because of their position in the pedigree,
they were considered to be mutation carriers. Putative carriers were family members who
had not undergone genetic testing but had been diagnosed with colorectal or endometrial
cancer before the age of 60 years.

For all subjects, data were collected on the following variables: date of birth, date of gastric
cancer diagnosis, date of death, gender, type of mutation in family, mutation status, and fam-
ily history of gastric cancer. Information of dates of birth was lacking in 7% of cases. Unknown
birth dates were imputed based on the known birth dates in each generation of the family
and based on pedigree structure. For horizontal imputing, the birth date in each generation
was estimated based on the known birth dates and this estimated birth date was then ap-
plied to siblings with unknown birth dates. For vertical imputing, the average age difference
between generations within each birth cohort was calculated. This estimated age difference
between generations was used to impute birth dates of children or parents in case their
birth dates and those of each of their siblings were unknown. Subjects of families with >80%
missing birth dates or subjects with unknown gender were excluded. Furthermore, because
critical data (eg, date of birth, date of death, gender) were less reliable and often missed for
subjects born before January 1, 1900, these subjects were excluded. Verification (pathology
report, medical report, or family report) was collected for each gastric cancer diagnosis.

Statistical Analysis

Standardized Incidence Ratios

As reliable population-specific incidence rates of gastric cancer in the Netherlands were
available from January 1, 1970 onward, the standardized incidence ratios (SIRs) of gastric
cancer were only calculated for patients who were alive at or after January 1, 1970. In addi-
tion, patients with a gastric cancer diagnosis or date of death or date of last contact before
January 1, 1970, were excluded from this analysis. Time at risk started at January 1, 1970
and ended at date of gastric cancer diagnosis, date of death, date of last contact, or January
1, 2003. Incidence of gastric cancer observed in known and putative mutation carriers was
compared to the incidence of gastric cancer in the general Dutch population from 1970 until
2003 and aggregated over age and gender. In this person-years type of analysis, the ratio of
observed and expected number of gastric cancers in the study cohort was evaluated. Ninety-
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five percent confidence intervals (Cl) were calculated assuming that the number of observed
cases followed a Poisson distribution. The Poisson Trend statistic was calculated to evaluate
time trends of gastric cancer in Lynch syndrome mutation carriers."

Risk Assessment

Cumulative risks of developing gastric cancer were estimated as a function of time using the
Kaplan-Meier method. For this analysis, all subjects of the cohort were included. Subjects
were studied with respect to their risk of developing gastric cancer from birth to death.
Observation time ended at gastric cancer diagnosis, date of death, date of last contact or
the closing date of the study, ie, January 1, 2008. Differences in survival curves were tested
for statistical significance by the log-rank test, for male vs female and mutation status. A Cox
regression model including a time-dependent covariate was used to assess the effect of

calendar-year on gastric cancer risk.

RESULTS

In total, 2014 (male/female: 948/1066) mutation carriers of 236 families were identified, in-
cluding 1511 known and 503 putative mutation carriers. During follow-up, 32 (1.6%) (known
and putative) mutation carriers were diagnosed with gastric cancer at a median age of 55
years (range, 27-82 years), 87.5% of them developed gastric cancer at 45 years of age or older
(Table 1).

Table 1. Baseline characteristics of 236 Lynch families

Characteristic Total (n) % Gastric cancer (n)
All 2014 32
Sex

- Male 948 47 21
- Female 1066 53 n
Mutation status

- Carrier 1511 75 25
- Putative carrier 503 25 7
Mutation in family

- MLH1 737 37 12
- MSH2 897 44 20
- MSH6 378 19 -
- PMS2 2 0.1 -

In 22 families (9.3%) only 1 patient was diagnosed with gastric cancer, in 3 families (1.2%) 2
patients were diagnosed with gastric cancer, and in 1 family (0.4%) 4 patients were diagnosed
with gastric cancer. Twenty-five (1.6%) of 1511 known mutation carriers were diagnosed with
gastric cancer and 7 (1.4%) of 503 putative mutation carriers. Mean age of gastric cancer
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development was not significantly different for putative and known mutation carriers (mean
age, 53.7 years vs 54.6 years, respectively; P = .87). Of 32 subjects with gastric cancer, 12
gastric cancers occurred among 737 MLH1 mutation carriers and 20 among 897 MSH2 muta-
tion carriers (P =.38). No gastric cancer was diagnosed among 378 MSH6 mutation carriers (P
=.006 value in comparison with combined MLH1 and MSH2).

In 14 (43%) patients, gastric cancer was the firstand only malignancy. Mean survival of these
patients was short (approximately 10 months [standard deviation, 2.1 years]). In 18 (56%)
subjects, other cancers occurred metachronously during a mean survival after the diagnosis
of gastric cancer of 3.9 years (standard deviation, 7.6 years). In 7 of these 18 subjects, gastric
cancer was the first malignancy. Other first or second malignancies were colorectal cancer (n
= 15), endometrial cancer (n = 2), and skin cancer (n = 1). Third malignancies occurred in 8
(25%) subjects, which included colorectal cancer (n = 3), breast cancer (n = 1), prostate cancer
(n=1), brain cancer (n = 1), bladder cancer (n = 1), and esophageal cancer (n = 1).

Histology

Gastric cancer diagnosis was based on histological reports in 22 (69%) subjects, on medi-
cal reports in 4 (12%) subjects, and on family reports in the remaining 6 (19%) subjects. Of
the 26 patients with gastric cancer confirmed by histological or medical reports, 4 (15%)
demonstrated gastric cancer in the antrum, 9 (35%) in the corpus, and 6 (23%) were located
in the cardia, in the remaining 7 (27%) patients’ gastric cancer location was not described.
According to the Lauren classification, 16 (62%) of the patients with confirmed gastric cancer
suffered from an intestinal type gastric cancer and 6 (23%) from a diffuse-type gastric cancer.
From the remaining 4 (15%) patients, the histology or medical report did not specify the
histological subtype. The tumor was already invading the lamina propria, the muscularis
propria, or beyond in 19 (73%) mutation carriers, and lymph nodes were involved in 7 (27%)
of these patients.

Relative Risk of Gastric Cancer

Overall, SIR was 3.4 (95% Cl, 2.1-5.2), with a somewhat higher SIR for males (3.8; 95% Cl,
2.1-6.3) than for females (2.7; 95% Cl, 0.98-5.8) (Table 2). Gastric cancer risk was 2.9 (95%
Cl, 1.1-6.3) times higher in mutation carriers with an identified MLH1 mutation, whereas in
mutation carriers with an identified MSH2 mutation the relative risk of developing gastric
cancer was 6.1 times (95% Cl, 3.3-10.2) increased in comparison with the general population.
Of the gastric cancer subjects, 20 (63%) developed gastric cancer between 1970 and 2003;
these subjects formed the basis for the SIR calculations. The SIR showed a declining pattern
from 4.0 (95% Cl, 1.5-8.6) in the years 1970-1979, to 3.0 (95% Cl, 1.1-6.6) in 1980-1989, to 2.1
(95% Cl, 0.6-5.3) in 1990-1999; however, this trend was not statistically significant (P = .30).
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Table 2. Standardized incidence ratios (SIRs) between 1970 and 2003 of developing gastric cancer in Lynch Syndrome families compared to the
Dutch population

Characteristic Observed cases SIR 95% Cl
All 20 34 2.1-52
Sex

- Male 14 38 2.1-6.3
- Female 6 27 0.98-5.8
Mutation status

- Carrier 16 39 22-64
- Putative carrier 4 2.1 0.6-5.4
Mutation in family

- MLH1 6 29 1.1-6.3
- MSH2 14 6.1 3.3-10.2

Cumulative Gastric Cancer Risk

In the total cohort, the absolute risk of developing gastric cancer for Lynch syndrome patients
remained nearly constant during the previous decades, with a statistically nonsignificant
decrease with an odds ratio of 0.923 per decade (95% Cl, 0.82-1.10) (P = .51). A Kaplan-Meier
analysis demonstrated a lifetime risk of developing gastric cancer of 8.0% for males, and 5.3%
for females (P =.02) (Table 3 and Figure 1). Furthermore, Figure 2 shows that no patients with
MSH6 mutations developed gastric cancer, which contrasted with the increased lifetime risk
in both patients with an MLH1 and those with an MSH2 mutation (P =.002). However, the risk
did not differ between MLH1 and MSH2 mutation carriers (P = .26).

Table 3. Cumulative incidence of gastric cancer development per 10-years age groups and gender in Lynch syndrome mutation carriers

Cumulative incidence (%)

Male [95% CI] Female (95% Cl)
Age groups
<40yrs 0.2 [NA-0.6] 0.1[NA-0.3]
50yrs 1.5[0.5-2.5] 0.4[-0.1-0.9]
60 yrs 3.0[1.4-4.6] 2.0[0.6-3.3]
70yrs 6.2[3.2-9.2] 2.0[0.6-3.3]
80yrs 8.0[3.4-12.5] 2.8[0.7-4.9]
Lifetime risk 8.0[3.4-12.5] 5.3*[NA-10.7]

Legend: NA; not applicable, *One female mutation carrier developed gastric cancer >80 years.

DISCUSSION

In order to develop and target optimal prevention strategies for gastric cancer in Lynch
syndrome families, accurate data concerning incidence trends, as well as relative and age-
specific risks are essential. This study provides such data and first shows that Lynch syndrome
subjects are indeed at an increased risk of developing gastric cancer. Secondly, because of
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Figure 1. Cumulative incidence of gastric cancer in male and female Lynch syndrome carriers

the nonsignificant decreasing pattern of SIRs, we found no convincing evidence of a declin-
ing trend of gastric cancer incidence. Thirdly, patients with an MLH1 or MSH2 mutation have
a substantial cumulative risk of developing gastric cancer during their lifetime, whereas no
gastric cancers were observed among MSH6 mutation carriers in this nationwide long-term
observational study. Finally, the majority of subjects with gastric cancer had a negative family
history of gastric cancer.

The first description of a family with the “family cancer syndrome,” now known as Lynch
syndrome, was published in 1913." In this family, designated as “Family G,” gastric cancer
was the predominant lesion. However, subsequent generations of this family demonstrated
a declining incidence of gastric cancer (paralleling its declining prevalence in the general
population) and an increasing incidence of colorectal cancer.!'>.1¢

In the Netherlands, the incidence of gastric cancer is rapidly declining from 24.0 per
100.000 people in 1989 to 13.5 per 100.000 people in 2006 (European standardized rates)."”
This decline is primarily attributed to the declining Helicobacter pylori prevalence in Western
countries. It may be that observed changes over time in gastric cancer incidence in specific
Lynch syndrome families also relate to the changing epidemiology of H. pylori and other en-
vironmental risk factors. The tumor spectrum among Lynch syndrome patients would then,
to some extent, reflect the cancer incidence in the general population. This is in line with a
Korean study that demonstrated a very high relative risk of gastric cancer for Lynch syndrome
subjects in a country with a high H. pylori prevalence.’®'? The nonsignificant declining pattern
of SIRs in our Western Lynch syndrome population, however, shows that in recent decades

the incidence of gastric cancer is not decreasing further.
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Figure 2. Cumulative incidence of gastric cancer for MLH1, MSH2 and MSH6 mutation carriers

In our study, gender and mutation status were identified as risk factors for gastric cancer in
Lynch syndrome mutation carriers. Gender differences were not markedly related to a higher
gastric cancer risk in previous studies performed in Western Countries.?*?' An explanation for
the high male risk found in our study is the fact that males in the general Dutch population
are already at a higher risk of developing gastric cancer. Less use of nonsteroidal anti-in-
flammatory drugs and more smoking in absolute numbers in male patients are clarifications
for this male predominance. These factors seem to influence gastric cancer risk both in the
general population as well as in the Lynch syndrome cohort. Hence, gender differences found
in this study partly reflect the higher lifetime risk of developing gastric cancer in the general
population.”

Consistent with previous studies, MSH2 mutation carriers tended to have a higher risk of
developing gastric cancer than MLH1 carriers.?"* In contrast to both MLH1 and MSH2 muta-
tion carriers, our findings suggest that MSH6 mutation carriers seem to have a low gastric
cancer risk. Characteristics of MSH6 mutation carriers include a high incidence of endometrial
cancer, which also occurs at an older age as compared to MLH1 and MSH2 carriers. Moreover,
no small bowel tumors were observed in these patients.?*2>28 Similar to these latter observa-
tions, no patients with an MSH6 mutation developed gastric cancer in our study. Because of
the small number of MSH6 carriers included in our study and previous studies, additional
investigation is necessary to confirm the low risk of MSH6 mutations.

Although clear evidence is lacking, previous studies recommended targeting upper gas-
trointestinal surveillance endoscopy for Lynch syndrome, particularly in those families with
more than 1 family member with gastric cancer.*>*3° Our study shows that the majority of
gastric cancers occurred as single cases within Lynch syndrome families. First, these observa-
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tions indicate that family history is a poor determinant to offer or withhold surveillance for
gastric cancer in Lynch syndrome mutation carriers. Second, these observations point out
that SIR estimates in this study are not affected by inherent correlation of risk factors within
families, such as behavioral or environmental risk factors. This is further supported by a previ-
ous study that was based on a cohort of 6041 high-risk members of families with known
MLH1 and MSH2 mutations from Western countries, demonstrating no clustering for gastric
cancer diagnosis among families.”?'

A few limitations of our study warrant consideration. First, results concerning gastric cancer
risk are probably slightly underestimated because we included only confirmed and putative
mutation carriers. This means that we likely excluded certain cases, in particular from the first
half of the century.?® Second, gastric cancer diagnoses were not confirmed by a pathology
or medical report in 6 patients. However, because previous studies demonstrated a high
reliability for a family history of cancer for first-degree relatives, and moderate reliability for
second- or third-degree relatives, the addition of the gastric cancers confirmed by family his-
tory seems justified.?' In addition, the inclusion of phenocopies or sporadic cases cannot be
excluded in this study, in particular, not for the putative mutation carriers. However, because
mean age was not significantly different for these patients, the inclusion of these patients
seems justified. Third, from the 22 patients for whom data concerning histology was avail-
able, 6 (27%) demonstrated diffuse-type gastric cancer. This finding is striking because in
previous studies, diffuse-type gastric cancer in Lynch syndrome was rather exceptional and
surveillance recommendations are particularly useful for patients with intestinal-type gastric
cancer because of the detection of premalignant lesions.®*

Surveillance of Lynch syndrome mutation carriers may lead to a further decline in gastric
cancer incidence. However, whether surveillance should be provided to Lynch syndrome
mutation carriers remains controversial. Because of the high gastric cancer risk in younger
age groups and the high incidence in the general population, gastric cancer screening is
recommended for Lynch syndrome carriers in Korea and Japan.'® In Western countries the
situation varies. A Finnish study reported a high incidence of intestinal-type gastric cancer in
Lynch syndrome families, but screening was not recommended because of poor cost-effec-
tiveness.? In contrast, a German study recommended screening for gastric cancer initiating
at 35 years of age based on the high frequency of this malignancy in a large cohort of Lynch
syndrome families.® Because this study shows a considerable lifetime risk of developing gas-
tric cancer in Lynch syndrome, surveillance of gastric cancer for MLH1 and MSH2 mutation
carriers should be considered, regardless of family history. Our data demonstrate that gastric
cancer was diagnosed at older than 45 years of age in the majority of gastric cancer patients.
Therefore, we suggest that surveillance of gastric cancer start at 45 years of age. This is in
contrast to previous studies that recommended surveillance of gastric cancer initiating at
30-35 years of age. 2483 However, because of the considerable burden of surveillance for

Lynch syndrome patients, critical reappraisal of starting surveillance is necessary.
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Although this study demonstrates that surveillance of gastric cancer should be consid-
ered in Lynch syndrome mutation carriers, no data on large cohorts of mutation carriers
support the usefulness of upper gastrointestinal endoscopy in Lynch syndrome at present.
In addition, the histopathological pathway of gastric cancer in Lynch syndrome mutation
carriers remains largely unclear. For these reasons, large prospective studies on these topics
are necessary before any evidence-based endoscopic recommendations can be provided.
Given this paucity of literature data and the difficulty obtaining lifetime gastric cancer risks
in a larger cohort of Lynch patients, our suggestions seem a first step toward gastric cancer
surveillance guidelines.

In conclusion, relative and absolute risks of developing gastric cancer in Lynch syndrome
are substantial, particularly for patients with an MLH1 or MSH2 mutation. Family history for
gastric cancer is a poor indicator for individual risk among Lynch syndrome patients. Upper
gastrointestinal surveillance endoscopy should therefore be considered, regardless of family
history.
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Chapter 9

ABSTRACT

An association between gastric atrophy and esophageal squamous cell carcinomas (ESCC)
has been described. However, the mechanism of this association is unknown. In this study,
we aimed to examine this relationship in a cohort of patients with varying grades of gastric
atrophy to increase the understanding about the causality of the association. Patients diag-
nosed with gastric atrophy between 1991 and 2005 were identified in the Dutch nationwide
histopathology registry (PALGA). The incidence of ESCC and, presumably unrelated, small cell
lung carcinomas (SCLC) observed in these patients was compared with that in the general
Dutch population. Relative risks (RRs) and 95% confidence intervals were calculated by a
Poisson model. At baseline histological examination, 97,728 patients were diagnosed with
gastric atrophy, of whom 23,278 with atrophic gastritis, 65,934 with intestinal metaplasia
and 8,516 with dysplasia. During follow-up, 126 patients were diagnosed with ESCC and 263
with SCLC (overall rates 0.19, respectively 0.39/1,000 person-years at risk). Compared with
the general Dutch population, patients with gastric atrophy ran a RR of developing ESCC of
2.2 [95% Cl 1.8-2.6] and of SCLC of 1.8 [95% Cl 1.6-2.1]. The risk of ESCC did not increase with
increasing severity of gastric atrophy (p = 0.90). In conclusion, this study found an association
between gastric atrophy and both ESCC and SCLC, but the risk of ESCC did not increase with
the severity of gastric atrophy. Therefore, a causal relationship seems unlikely. Confounding

factors, such as smoking, may explain both associations.
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INTRODUCTION

Chronic Helicobacter pylori infection has been widely accepted as a predisposing condition
for a number of gastric and duodenal disorders, such as peptic ulcer disease, MALT lym-
phoma and gastric cancer.! However, over the past years, interest has been directed toward
the potential role of H. pylori infection in the etiology of esophageal diseases.? This new focus
has emerged from epidemiological studies demonstrating a negative association between H.
pylori infection and gastro-esophageal reflux disease (GERD) and its related complications, in
particular Barrett’s esophagus and esophageal adenocarcinoma.?®

In addition, recent studies have demonstrated an elevated risk of esophageal squamous
cell carcinomas (ESCC) in patients with atrophic changes of the gastric mucosa.>”'° A hypoth-
esis explaining this unexpected association is, however, lacking."” Confounding by joint risk
factors such as lifestyle was not observed in case-control studies, thus suggesting a direct
causal relationship between both conditions.>® A causal relationship would strengthen the
importance of H. pylori eradication in the prevention of upper gastro-intestinal malignan-
cies. In case causality exists, the magnitude of the association would be expected to increase
with the severity of gastric atrophy. On the other hand, were the association between gastric
atrophy and ESCC based on confounding by shared risk factors, similar associations would
be expected between gastric atrophy and other carcinomas with the same risk factors. An
obvious candidate shared risk factor for the development of both gastric atrophy and ESCC
is smoking.'>™*

To examine the existence of a causal relationship between ESCC and gastric atrophy, we
investigated the correlation between the severity of gastric atrophy and risk of ESCC within
a large cohort of patients with varying histological stages of gastric atrophy, i.e. atrophic
gastritis, intestinal metaplasia and dysplasia. The cascade from chronic H. pylori gastritis via
atrophic gastritis, intestinal metaplasia, dysplasia toward gastric cancer has been widely ac-
cepted.” In line with this cascade, patients with intestinal metaplasia or dysplasia have been
demonstrated to suffer from more extensive atrophic changes of the gastric epithelium when
compared with patients with only atrophic gastritis.”® In addition, we also investigated the
risk of small cell lung carcinoma (SCLC) in the same study cohort, as this tumor is anatomically
unrelated to the gastric and esophageal conditions and is known to be strongly associated
with smoking."”
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MATERIAL AND METHODS

Histopathology database

All histo- and cytopathology reports in The Netherlands are collected in a national archive
(PALGA database), which since 1991 has had nationwide coverage.'® Patients in this database
are identified by date of birth, gender and the first 4 characters of their family name. Every
record in the database contains a summary of a pathology report and diagnostic codes
similar to the systematized nomenclature of medicine (SNOMED) classification of the College
of American Pathologists.” The diagnostic code contains a term indicating the anatomical
location, type of sample and a morphological term describing the finding, e.g. 'stomach and
biopsy and intestinal metaplasia’. Details with regard to the number and intragastric location
of biopsies and presence of H. pylori are not uniformly registered. After a report has been
coded, it is submitted online to the central database. This study was based on data recorded
in the PALGA database between 1991 and 2006. The following items were made available for
each report: gender, date of birth, date of pathology review, summary text and diagnostic
code.

Patient selection

All patients with a first histologically confirmed diagnosis of gastric atrophy, i.e. atrophic
gastritis, intestinal metaplasia and dysplasia, between 1991 and 2005 were identified in the
database which had complete nationwide coverage since 1991. The most severe stage of
gastric atrophy at baseline was evaluated as initial diagnosis. This meant that patients with
atrophic gastritis without a diagnosis of concomitant intestinal metaplasia were classified as
having atrophic gastritis, patients with atrophic gastritis and intestinal metaplasia as intesti-
nal metaplasia and patients with gastric dysplasia as dysplasia.

As far as could be determined from the database, all patients who had undergone gastric
or esophageal surgery, or had been diagnosed with an esophageal or gastric malignancy
prior to, or simultaneously with the first diagnosis of a premalignant gastric lesion, were

excluded from analysis.

Statistical analysis

The incidences of ESCC and SCLC in the cohort of patients with gastric atrophy were calcu-
lated on the basis of the total number of ESCC and SCLC registered in the PALGA database
within the cohort in relationship to the number of person-years at risk. The relative risk (RR)
of ESCC and SCLC in patients with premalignant lesions of the gastric mucosa was then calcu-
lated by comparing these incidences with those for ESCC and SCLC within the general Dutch
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population from 1991 until 2006. Unless an autopsy had been performed, the date of death
of patients registered in the PALGA database is not recorded. Therefore, censoring because
of death was imputed to evaluate the number of person-years at risk for all patients that
did not develop esophageal or gastric cancer during follow-up, using survival data from the
general Dutch population (Dutch Cancer Registry, personal communication, October 2007).
The incidence of ESCC and SCLC in the general Dutch population were calculated on the basis
of the total number of ESCC and SCLC registered in the PALGA database and the midyear
Dutch population.® As less than 1% of all ESCC within the general Dutch population occur in
patients aged below 40 years, RRs were only calculated for patients aged over 40 years.?' The
size of and incidence within the general Dutch population was corrected for the number of
and incidence of ESCC and SCLC within patients with gastric atrophy. To explore the presence
of selection bias, ESCC risk was calculated for the first year of follow-up, between 1 and 4
years follow-up and after more than 4 years follow-up after the initial diagnosis of gastric
atrophy. The RRs and 95% confidence intervals (Cls) were calculated by a Poisson model, cor-
rected for age categories, gender and calendar year. Comparisons of RRs between different

groups were also calculated with the Poisson model.

RESULTS

The study cohort consisted of 97,728 patients (49,739 men/47,989 women) with a first histo-
logical diagnosis of gastric atrophy registered between 1991 and 2005. It comprised atrophic
gastritis in 23,278 (24%) patients, intestinal metaplasia in 65,934 (67%) patients and dysplasia
in 8,516 (9%) patients (Table I). Overall, mean age at diagnosis was 63.5 years (SD 15.6). Data
on the incidence of gastric atrophy over the study period have been published previously.??

Table 1. Baseline characteristics of our study population

Total Atrophic gastritis Intestinal metaplasia Dysplasia
Number of patients (n) (%) 97728 23 278 (24%) 65934 (67%) 8516 (9%)
Male/ Female 49739/ 47 989 10527/12751 34573/31361 4639/3877
(51/49) (45/55) (52/48) (54/46)
Age (years)
mean 635 59.2 64.7 66.7
25%-75% percentile 53.2-75.5 46.6-73.4 55.0-75.9 57.3-77.6

Esophageal squamous cell carcinomas

Between 1991 and 2006, ESCC was diagnosed in 126 patients (77 men/49 women) from the
cohort at a mean age of 68.7 years (SD 11.3). The rate of developing ESCC was 0.19/1,000

person-years at risk in patients older than 40 years.
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For all patients with gastric atrophy, the long-term RR of ESCC was 1.98 [95% Cl 1.58-2.48]
in male patients and 2.52 [95% Cl 1.90-3.34] in female patients when compared with the gen-
eral Dutch population aged over 40 years (Table Il). The overall RR of ESCC within the first year
of follow-up after the diagnosis of gastric atrophy was significantly higher when compared
with 1-4 years or more than 4 years follow-up (RR 5.99 [95% Cl 4.48-8.01], respectively RR
1.57 [95% CI 1.11-1.21] and RR 1.53 [95% Cl 1.16-2.03]) (p < 0.001). In patients with atrophic
gastritis as the most severe diagnosis at baseline, the RR was 1.90 (95% Cl 1.15-3.16] for men
and 2.84 [95% Cl 1.71-4.72] for women. In patients with intestinal metaplasia and dysplasia
the RRs were respectively 2.06 [95% Cl 1.60-2.68] in men and 2.16 [95% Cl 1.49-3.14] in
women, and 1.53 [95% Cl 0.69-3.40] in men and 4.10 [95% CI 1.96-8.56] in women. Therefore,
for both men and women, the risk of ESCC did not increase with the severity of premalignant
gastric lesions at baseline (p = 0.82, respectively p = 0.83). Similarly, no significant difference
was demonstrated for the risk of ESCC between different histological diagnoses at baseline
within the first year of follow-up, 1-4 years follow-up, or more than 4 years follow-up (p = 0.69,

respectively p=0.14and p=0.11).

Table 2. Relative risk of esophageal squamous cell carcinomas in patients with pre-malignant gastric lesions in comparison to the general
Dutch population, corrected for age and sex.

Number of Relative risk 95% Cl Numberof Relativerisk ~ 95%Cl

cases cases SCLC SCLC
Overall 126 2.16 1.81-2.57 263 1.84 1.63-2.07
Sex
- Male 77 1.98 1.58-2.48 182 1.64 141-1.90
- Female 49 2.52 1.90-3.34 81 2.55 2.05-3.17
Age at baseline
- 40-54 years 19 3.56 2.27-5.59 17 297 1.85-4.77
- 55-69 years 40 1.77 1.30-2.42 19 232 1.93-2.78
- >70years 67 219 1.72-2.80 127 147 1.23-1.75
Most severe pre-malignant lesion at
baseline
- Atrophic gastritis 30 228 1.59-3.26 36 1.19 0.87-1.63
- Intestinal metaplasia 83 2.09 1.69-2.59 200 2.02 1.76-2.32
- Dysplasia 13 231 1.35-3.97 27 1.88 1.29-2.74

Small cell lung carcinomas

In total, 263 patients (182 men/81 women) from the cohort were diagnosed with SCLC at a
mean age of 69.0 years (SD 8.5). The rate of developing SCLC was 0.39/1,000 person-years at
risk in patients older than 40 years. For all patients with gastric atrophy, the RR of SCLC was
1.64 [95% Cl 1.41-1.90] in male patients and 2.55 [95% Cl 2.05-3.17] in female patients when
compared with the general Dutch population. Here, again there was no relationship between
the severity of gastric atrophy and the risk of development of SCLC (Table II).
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DISCUSSION

This large, nationwide study confirms a positive association between gastric atrophy and the
risk of ESCC. Our findings showed an overall RR of 2.2 for the development of ESCC in patients
with gastric atrophy. However, the risk of ESCC in our population did not increase with the
severity of gastric atrophy, with RRs of 2.3 for atrophic gastritis, 2.1 for intestinal metaplasia
and 2.3 for dysplasia being observed.

There were considerable variations in the magnitude of the association between gastric
atrophy and ESCC observed in previous studies from Sweden and Japan and in our study.>”?
These differences may have resulted from the fact that all studies used different study popula-
tions and detection methods of gastric atrophy. In the Swedish studies the diagnosis of gastric
atrophy was based on surrogate markers, i.e. either clinically diagnosed pernicious anemia,
gastric ulcer disease or pepsinogen-I serology, resulting in elevated risks of respectively 3.3,
1.8 and 4.3 times for the development of ESCC when compared with the general population.
In the Japanese study, the diagnosis of gastric atrophy was based on both pepsinogen-I
serology and histology, resulting in elevated risks of 8.2 and 4.2, respectively. In contrast,
instead of employing such surrogate markers, our study was able to estimate the ESCC risk
within a population with histologically confirmed gastric atrophy. The selection of patients
aged above 40 years has not influenced the generalizability of our observations to the whole
population, as the incidence of ESCC is extremely low under this age both in our cohort (none
of the cases) and in the general Dutch population (considerably >1% of all ESCC cases). In
addition, our study shows that the risk of developing ESCC is especially high within the first
year of follow-up. The high number of ESCC diagnoses shortly after the diagnosis of gastric
atrophy suggests the presence of selection bias, as this could for instance have resulted from
overlooking an incipient cancer or sampling error during the first endoscopy. The presence of
selection bias has probably overestimated the overall RR of ESCC in this and previous studies.

Although this risk of developing ESCC was significantly higher in patients with gastric
atrophy than in the general Dutch population, this association lacks clinical relevance, as the
magnitude of the association was far too small to direct surveillance practices. Nevertheless,
this association could provide important insights into the pathogenesis of both conditions.

The positive association between ESCC and gastric atrophy is not easily explained, it could
either be causal or the result of confounding risk factors involving both conditions. Previous
case-control studies from Sweden and Japan reported gastric atrophy to increase the risk
of ESCC independently of patently obvious confounding risk factors, such as smoking.3*'2
In addition, the Japanese investigators observed the ESCC risk to correlate positively to the
severity of gastric atrophy.® Possible mechanisms for a causal relationship were suggested,
for instance that achlorhydria in patients with gastric atrophy may constitute an intragas-
tric environment favoring bacterial overgrowth and bacterial n-nitrosation resulting in an
increased exposure of the esophageal mucosa to carcinogenic endogenous nitrosamines."
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As patients with intestinal metaplasia have more extensive and generally longer existing
atrophic changes of the gastric mucosa when compared with patients with merely atrophic
gastritis, an increased formation of carcinogenic mediators, and thus a higher incidence of
ESCC may be expected in patients with intestinal metaplasia.

Our findings in this large cohort study of patients with histologically confirmed cases of
gastric atrophy, however, contradict these observations. The absence of any association
between the severity of gastric atrophy and the risk of ESCC undermines the presence of a
causal relationship between both conditions. The absence of a causal relationship is further
supported by the finding that within different intervals of follow-up no significant ESCC risk
was demonstrated between patients with atrophic gastritis, intestinal metaplasia or dyspla-
sia. As no causal relationship was demonstrated, H. pylori eradication is unlikely to prevent
the development of ESCC. Moreover, the demonstration of a similar association between
gastric atrophy and SCLC in this study not only demonstrates the spuriousness of the previ-
ously assumed relationship but also points to joint causal risk factors for all 3 conditions, the
most prominent of which is obviously smoking. The discrepancy between our data and those
of previous studies is probably explained by the relatively small number of patients included
in previous studies. For example, in the study from Japan only 29 patients with intestinal
metaplasia were included.

Nevertheless, other explanations for the positive association between gastric atrophy
and ESCC are worth exploring. It may well be that both conditions do share genetically
determined pathogenetic mechanisms facilitating a similar destructive process, which dam-
ages both the gastric and esophageal epithelium, for instance via inflammatory response or
defective DNA repair.2*% Prospective studies into these mechanisms may elucidate such an
association. In addition, the observed association between gastric atrophy and SCLC may
result from an unidentified interaction between the upper gastrointestinal tract and the lung.
Such an association has been described, as for instance an increased prevalence of asthma
in subjects with gastro-esophageal reflux.2 Moreover, the production of carcinogenic nitro-
samines in the atrophic stomach may theoretically cause lung cancer via a haematogenous
route.” These hypotheses are also worth exploring in future research.

Strengths of our study are the nationwide selection of individuals and the large number of
patients with histological confirmed diagnoses included in this study. Nevertheless, in spite
of its large size, the selection of our study population will not have been complete, as not
all subjects with gastric atrophy in the general population have undergone endoscopy with
biopsy sampling and thus been diagnosed. Therefore, the general population that was used
as control-group in this study would certainly include patients with undetected gastric atro-
phy, which could have resulted in underestimating the true RRs of the association between
both conditions. Second, it was impossible to calculate ESCC risk for different intragastric
locations of gastric atrophy, as the intragastric location of biopsies is not uniformly regis-
tered in the PALGA database. However, it has been recognized for long that premalignant
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gastric lesions occur most commonly in the antrum and incisura angularis. Subsequently,
these lesions spread along the lesser curvature to the proximal stomach and at the same
time increase in severity. Biopsies from the antrum are commonly obtained during routine
upper gastrointestinal endoscopy. Therefore, the diagnoses in this study most likely reflect
the most severe gastric lesions at baseline. As patients with intestinal metaplasia or dysplasia
have generally more extensive and longer existing atrophic changes of the gastric mucosa,
they also demonstrate a higher prevalence of fundic atrophy. Therefore, no difference in the
risk of ESCC and gastric atrophy between patients with distal gastric atrophy and patients
with fundic atrophy was demonstrated in this study. Third, as patients were treated in all
hospitals throughout the country, differences in histological assessment cannot be excluded.
However, the large number of patients in this study most likely compensates for these
variations. Fourth, we lack information on possible confounding risk factors. However, as we
demonstrated an association between gastric atrophy and SCLC, we can presume that these
confounders are present. Finally, we used imputation of survival estimates to calculate the
RRs. The imputation of survival estimates was based on the assumption that patients with
gastric atrophy had a life expectancy similar to the general population. However, as they
may well suffer from increased comorbidity and mortality, this assumption could have led
to an overestimation of the cohort at risk, and consequently, an underestimation of its RR
of developing ESCC and SCLC.?® Nevertheless, we think that these comorbidities have only
slightly influenced the reported RRs, as the large size of this study presumably compensated
these inaccuracies and their limited effect on overall mortality.

In conclusion, although this study confirms a positive association between gastric atrophy
and ESCC, the risk of ESCC does not increase in parallel with the increasing severity of gastric
atrophy. Therefore, a causal relationship between gastric atrophy and ESCC seems unlikely.
Moreover, as a similar association was demonstrated between gastric atrophy and the ana-
tomically unrelated SCLC, these associations are best explained by confounding factors, such
as smoking.
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INTRODUCTION

Helicobacter pylori infection shows a high prevalence worldwide." In the past decades,
extensive research demonstrated that gastric colonization with H. pylori is always associ-
ated with chronic active gastritis, which can result in a variety of diseases such as peptic
ulceration, pre-malignant lesions of the gastric mucosa, gastric adenocarcinoma, and gastric
MALT lymphoma.? Despite the fact that only a small percentage of H. pylori-positive subjects
eventually develop gastric cancer, this condition remains due to the high prevalence of H.
pylori a major health problem as second leading cause of cancer related death worldwide*
Gastric adenocarcinoma is often asymptomatic until advanced stage of disease when treat-
ment options are limited. As a consequence 5 year survival of gastric cancer is low.” Data
on epidemiology and gastric cancer risk of pre-malignant conditions, such as gastric MALT
lymphoma, pre-malignant gastric lesions and Lynch syndrome can provide new insights in
early detection and treatment of gastric cancer and may eventually lead to a reduction in
gastric cancer mortality. Therefore, in this thesis we aimed to address the epidemiology of
gastric cancer in MALT lymphoma patients and Lynch syndrome mutation carriers. Further-
more, the gastric cancer risk and screening and surveillance options for patients with gastric
MALT lymphoma, pre-malignant gastric lesions and Lynch syndrome mutation carriers were
investigated.

MAIN FINDINGS

Genetics

Previous studies have been investigating H. pylori susceptibility for years. Although the role
of environmental factors in H. pylori susceptibility has been widely accepted, the association
between H. pylori susceptibility and genetic factors remained less clear. A previous study
demonstrated that the concordance rate for H. pylori in monozygotic twins was significantly
higher than for dizygotic twins.® However, specific associations between H. pylori and genetic
polymorphisms were unknown. For these reasons we performed a pilot genome wide as-
sociation study among 1005 subjects. This study showed that two loci on chromosome 2 and
11 have considerable genome wide evidence for an association with H. pylori susceptibility
(Chapter 2). These newly discovered loci may provide novel insights in the role of genetic
factors in H. pylori susceptibility. However, our findings await confirmation in larger popula-
tion with combination of genome wide results, and the function of these two loci needs to
be further investigated.

139



Chapter 10

Epidemiology of H. pylori-associated malignancies

Gastric MALT lymphoma

Similar to gastric cancer, gastric MALT lymphoma is usually asymptomatic. As a result, studies
on epidemiology of gastric MALT lymphoma show a highly varying incidence within differ-
ent countries, ranging from an incidence of 0.21 per 100 000 to an incidence of 13 per 100
000 people.>” These differences are explained by varying H. pylori prevalence between the
included study populations and differences in study design.”® H. pylori has been considered
a predisposing condition since the first study in 1983 demonstrated that these organisms
were present in over 90% of gastric MALT lymphoma cases.'®'> Moreover, eradication of H.
pylori alone leads to partial or complete remission in 60-80% of patients.'®'" Despite this
strong evidence for an association between H. pylori and gastric MALT lymphoma, previous
studies described an increasing incidence of gastric MALT lymphoma from the eighties to
nineties in contrast to the declining incidence of H. pyloriinfection in these years.'>'* Whether
this was a true increase or related to a change in diagnostic criteria with the availability of
new treatment options remained unclear. We therefore performed a nationwide study to
evaluate incidence trends from 1991 to 2006 (Chapter 3). The increase in incidence of gastric
MALT lymphoma between 1991 and 1997 is confirmed in this study. However, after 1997 the
incidence of gastric MALT lymphoma showed a rapid decline. Explanations for the increas-
ing incidence are the increasing interest in gastric MALT diagnosis after the discovery of the
H. pylori association. Gastric MALT lymphoma became an infection-associated malignant
disease with improved treatment options.”"'> Moreover, improvement in diagnostic and en-
doscopic procedures may also have contributed to the gastric MALT lymphoma increase.'s'®
Currently, the incidence of gastric MALT lymphoma is rapidly declining in the Netherlands.
This decrease is most probably explained by the decreasing H. pylori prevalence in Western
countries similar to the incidence of other H. pylori-associated malignancies. Despite the de-
creasing incidence, accurate endoscopic and histologic reevaluation is warranted as gastric
cancer risk is considerable in gastric MALT lymphoma patients.

Lynch syndrome

In 1913, the first description of a family with ‘cancer syndrome G’ was described, by Warthin et
al.’ Dr. A. Warthin, a pathologist, described the family of his seamstress as he learned that she
was distressed about the fact that she would die early from cancer, like the rest of her family.
As she predicted, she died at young age of endometrial cancer.?2 In this family, now known
as Warthin's family G, gastric cancer was a predominate type of cancer. Nowadays, we know
that this ‘family G’ harbored mutations in mismatch repair genes. Currently, this syndrome
caused by mutations in mismatch repair genes is called Lynch syndrome. The occurrence of
gastric cancer decreased over the past decades in Warthin’s ‘family G’ and in the newly dis-
covered Lynch syndrome families. However, exact incidence trends of gastric cancer in Lynch
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syndrome mutation carriers were unknown. Such knowledge is of importance to develop and
target optimal prevention strategies for gastric cancer in Lynch syndrome families. In order to
gain certainty on incidence trends of gastric cancer in Lynch syndrome mutation carriers, we
analyzed the tumour spectrum of 236 families registered in the HNPCC registry established
in Leiden.?® With these data, we demonstrated a decrease in standardized incidence rate of
gastric cancer from 4.0 to 2.0 from 1970 to 2003 (Chapter 8). Although, previous studies also
described a declining incidence of gastric cancer in Lynch syndrome families, in our study
the decline in incidence was non-significant.?'?* This may indicate that the gastric cancer in-
cidence is not further decreasing in the recent decades in Lynch syndrome mutation carriers.

Gastric cancer risk and screening and surveillance options of H. pylori-associated
malignancies

Gastric MALT lymphoma

Gastric adenocarcinoma risk in patients with gastric MALT lymphoma remains highly con-
troversial.’>?3 For these reasons, surveillance of patients with gastric MALT lymphoma for
a diagnosis of gastric cancer is often omitted in clinical practice. To provide gastric cancer
risk estimates in patients with gastric MALT lymphoma in Western countries, we calculated
absolute and relative risk of developing gastric cancer in a nationwide study (Chapter 3). In
this study, we demonstrated a six times increased risk of developing gastric cancer in patients
with gastric MALT lymphoma in comparison to the general Dutch population. Furthermore,
we showed that gastric cancer occurred simultaneously with gastric MALT lymphoma di-
agnosis in 53% of patients, and in 38% gastric cancer was diagnosed after a diagnosis of a
gastric MALT lymphoma. The interval between gastric MALT lymphoma diagnosis and gastric
cancer ranged between 1 and 7 years, which was similar to intervals described in previous
studies.” In contrast to previous studies that reported complete remission of gastric MALT
lymphoma after 3,5 years of follow-up, the findings in our study emphasizes the need for
accurate histological and endoscopic re-evaluation of the gastric mucosa after gastric MALT
lymphoma diagnosis.

Similar to previous studies, we demonstrated that a diagnosis of gastric MALT lymphoma
is rare in the Netherlands, with an overall incidence of 0.4 per 100 000 per year.>° This low in-
cidence of gastric MALT lymphoma with an even smaller percentage of patients that develop
gastric cancer, indicates that surveillance of all gastric MALT lymphoma should be limited
to patients at high gastric cancer risk. Previous studies reported an increasing incidence of
pre-malignant gastric lesions in gastric MALT lymphoma patients.>'3* Identification of these
lesions in gastric MALT patients might lead to a subpopulation at high gastric cancer risk,
for which strict surveillance is necessary. For these reasons, the prevalence of pre-malignant
gastric lesions was evaluated in gastric MALT lymphoma patients and in patients with diffuse
large B-cell lymphomas (DLBCL), which was previously defined as ‘high grade gastric MALT
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lymphoma’3* We compared the prevalence of pre-malignant gastric lesions in patients with
a subsequent diagnosis of gastric cancer and in patients without a subsequent diagnosis of
gastric cancer matched for age and years of follow-up.The prevalence of pre-malignant gastric
lesions was neither significantly different between patients with and without a subsequent
diagnosis of gastric cancer, nor between patients with gastric MALT lymphoma and patients
with diffuse large B-cell lymphomas (Chapter 4). Surprisingly, the prevalence of severe pre-
malignant lesions such as intestinal metaplasia and dysplasia was substantial in both gastric
MALT lymphoma patients as well as diffuse large B-cell lymphoma patients. These findings
indicate that thoroughly scrutinizing the gastric mucosa at lymphoma diagnosis is necessary
and surveillance of patients with pre-malignant lesions is warranted. Furthermore, although
the link between diffuse large B-cell lymphoma and H. pylori infection is less clear than the
association between H. pylori and gastric MALT lymphoma, our study provided evidence that
there seems to be an association between pre-malignant gastric lesions and diffuse large
B-cell lymphoma.** Whether this association is significant remains unclear, due to the limited
number of included patients. Further research with the inclusion of a large population of
patients with diffuse large B-cell ymphoma is needed to confirm such an association.

Pre-malignant gastric lesions

The high prevalence of gastric cancer in countries such as Japan has led to the implementa-
tion of mass nationwide screening programs. Previous studies demonstrated that serological
markers can accurately detect patients with pre-malignant lesions and as a result, serological
markers have been introduced as part of these screening programs in Japan.3 In particular
for the diagnosis of atrophic gastritis, serological testing for a combination of pepsinogens |
and ll, gastrin and H. pylori antibodies has yielded accurate results.*’** However, there seems
still a need for serological markers that improve the efficacy of non-invasive screening for
advanced pre-malignant gastric lesions. Gastric leptin is similar to pepsinogen |, produced by
chief cells of the gastric mucosa.**” Therefore, we hypothesized that serum leptin levels may
identify patients at high gastric cancer risk (Chapter 5). Indeed, our study demonstrated that
serum levels of leptin in combination with the established risk factors male sex, advancing
age and low pepsinogen | levels can serve as a tool to detect patients at high gastric cancer
risk. However, the additional value of serum leptin levels was rather limited.

The low gastric incidence in the Netherlands emphasizes the need for a selective screening
program in the Netherlands limited to patients at high gastric cancer risk.**4¢>° Therefore, a
risk classification based on a combination of epidemiological, clinical and serological param-
eters seems an appropriate approach for screening of patients in countries with a low gastric
cancer incidence, with additional endoscopic surveillance of patients with an abnormal
risk profile.** Currently, surveillance of patients with pre-malignant gastric lesions relies on
histology of biopsy specimens obtained during conventional endoscopy. However, since the
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endoscopic evaluation of pre-malignant lesions showed high interobserver variability and
has poor correlation to histological findings, numerous other endoscopic techniques have
been developed to overcome these limitations.*’*¢ Narrow-band imaging (NBI) is a promising
new imaging technique and showed high diagnostic accuracy in detecting gastrointestinal
lesions.>”*° However, previous studies were primarily performed in Japan, and as a conse-
quence the additional value of NBI in the detection of advanced pre-malignant gastric le-
sions in Western countries remained less clear. Therefore, we performed a prospective study
of patients previously diagnosed with intestinal metaplasia or dysplasia who all underwent
surveillance endoscopy with conventional white light endoscopy and narrow-band imaging
(Chapter 6). In this study we showed a somewhat lower sensitivity of 71% for the detection
of intestinal metaplasia and dysplasia with NBI compared to the previous Japanese studies
that demonstrated sensitivity for the detection of intestinal metaplasia of 89% with NBI.>” This
difference is probably explained by the various training techniques for Japanese and Western
gastroenterologists. Nevertheless, the sensitivity for NBI increased with 20% compared to
white light endoscopy. Thus the use of NBI in the surveillance of patients with pre-malignant
gastric lesions is superior to conventional white light endoscopy and should be implemented
in surveillance programs for patients at high gastric cancer risk.

Previous studies demonstrated that the progression rate to gastric cancer was high for
patients with dysplasia, whereas only 0.8% and 1.8% for patients with atrophic gastritis and
intestinal metaplasia develop gastric cancer respectively.* These observations indicated
that surveillance endoscopy should not be advised to all patients with atrophic gastritis
and intestinal metaplasia, but should preferably be limited to patients at high gastric cancer
risk.*® Only recently a new histological staging system based on the grading of gastritis was
proposed that identified a subpopulation of patients at high gastric cancer risk.>¢* Although
this system demonstrated great potential in guiding clinical decisions, the use of atrophic
gastritis as the principal parameter may be its major drawback, most importantly for reasons
of limited reproducibility. In contrast to atrophic gastritis, intestinal metaplasia is associated
with much higher interobserver agreement.® For these reasons, we proposed a new staging
system based on the severity and extent of intestinal metaplasia (OLGIM) instead of atrophic
gastritis (Chapter 7). With this adaptation we firstly showed an improved reproducibility
for the OLGIM staging system and thus a more consistent gastric cancer risk assessment.
Secondly, with the use of the OLGIM a smaller subpopulation of patients at high risk of gastric
cancer was defined. For these reasons, the use of the OLGIM staging system might lead to
more feasible and cost-effective surveillance strategies for patients at risk of gastric cancer
and a more consistent gastric cancer risk assessment.
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Lynch syndrome

Besides patients with gastric MALT lymphoma and patients with pre-malignant gastric le-
sions, Lynch syndrome mutation carriers also seem to have an increased risk of gastric cancer
development.®*%¢ However, recommendations for surveillance of gastric cancer in Lynch syn-
drome carriers vary greatly between East and West and even within Western Countries.5”°
For these reasons, we analyzed incidence trends and gastric cancer risk in a large cohort of
Lynch syndrome mutation carriers in the Netherlands (Chapter 8). We demonstrated that
Lynch syndrome mutation carriers are indeed at increased risk of developing gastric cancer,
particularly males and carriers of an MLH1 and MSH2 mutation. None of the MSH6 mutation
carriers developed gastric cancer in our cohort of patients. In line with these observations,
previous studies described that MSH6 mutation carriers are at high risk of developing en-
dometrial cancer at advancing age and no small bowel tumours were observed in these pa-
tients.”®”* Since our study showed a considerable lifetime risk of developing gastric cancer in
Lynch syndrome, surveillance of gastric cancer for MLHT and MSH2 mutation carriers should
be considered, regardless of family history. Furthermore, our data demonstrated that gastric
cancer was diagnosed > 45 years of age in the majority of gastric cancer patients. Therefore,
we suggested that surveillance of gastric cancer starts at 45 years of age. In addition, despite
lacking evidence, previous studies recommended to target upper gastrointestinal surveil-
lance endoscopy to those families with more than one family member with gastric cancer.”>78
Since our study showed that the majority of cases with gastric cancer occurred as single cases
within a Lynch syndrome family, we concluded that family history is a poor determinant to
offer or withhold surveillance for gastric cancer in Lynch syndrome mutation carriers.

Esophageal squamous cell carcinoma

Finally, we examined the correlation between gastric atrophy and the risk of esophageal
squamous cell carcinoma (ESCC), as previous studies described an elevated risk of develop-
ing ESCC in patients with atrophic changes of the gastric mucosa.”®®° A causal relation would
suggest that H. pylori eradication is likely to prevent ESCC. However, the association between
gastric atrophy and ESCC could also been based on confounding by shared risk factors. Our
study confirmed the positive association between gastric atrophy and ESCC with an overall
relative risk of 2.2 for the development in gastric atrophy patients (Chapter 9). Since the risk
of ESCC did not increase in parallel with increasing severity of gastric atrophy and a similar as-
sociation between gastric atrophy and small cell lung cancer was demonstrated, we assumed
that a joint causal risk factor for all three conditions caused the positive association, this joint
causal risk factor was most likely smoking.
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CONCLUSIONS AND FUTURE DIRECTIONS

Genetics

Our findings of a genome wide association between genetic factors and H. pylori suscep-
tibility need confirmation in larger populations with genome wide data. We are therefore
expanding our study population and exploring international collaborations for confirmation
cohorts. Furthermore, as function of the underlying loci remains unclear, further basic re-
search for these loci may provide new insights in H. pylori susceptibility. This knowledge may
eventually lead to more consistent evidence for genetic polymorphisms that play a role in H.
pylori susceptibility.

H. pylori-associated malignancies

Other than with conditions like Barrett’s esophagus or colonic adenomas, most endoscopists
do not know how to manage patients with H. pylori-associated pre-malignant conditions. Our
data show that surveillance of patients with gastric MALT lymphoma, pre-malignant gastric
lesions and Lynch syndrome mutation carriers is necessary and may eventually lead to a re-
duction in gastric cancer mortality. Since gastric MALT lymphoma patients showed a six times
increased risk for developing gastric cancer and a high prevalence of pre-malignant gastric
lesions at diagnosis of gastric MALT lymphoma, endoscopic surveillance of these patients
in particular during the first years after diagnosis seems highly warranted. In addition, the
development of pre-malignant gastric lesions in patients with diffuse large B-cell ymphomas
and the increased risk for gastric cancer in patients with‘high grade MALT lymphoma’suggest
that H. pylori may be implicated in the etiology of this type of gastric lymphoma. Therefore,
surveillance strategies aiming at the early detection of pre-malignant gastric lesions in both
patients with gastric MALT lymphoma and patients with diffuse large B-cell lymphomas may
eventually result in a reduction in gastric cancer mortality. Possible improvement of these
strategies should be based on the severity and extent of these gastric lesions assessed by
the OLGIM staging system, stratification for H. pylori status and translocation status in gastric
lymphoma patients. However, long-term prospective studies are necessary to accomplish
these remaining questions and to decrease gastric cancer development in gastric MALT
lymphoma patients.

For pre-malignant gastric lesions, we showed that serum leptin levels have an additional
value in detecting intestinal metaplasia and dysplasia of the gastric mucosa. These findings
strengthen the fact that screening for serological markers may identify a subpopulation of
patients at high risk of gastric cancer. A nationwide screening program in countries with a
low gastric cancer prevalence seems however not worthwhile. For these reasons, future large
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population based screening programs are necessary to investigate cost-effectiveness and
burden of patients in countries with low incidence of gastric cancer.

Similarly, surveillance of patients with pre-malignant gastric lesions remains controver-
sial in Western countries. Although previous studies demonstrated a high risk of gastric
cancer development, clear guidelines for these patients are still lacking. Our data showed
that narrow-band imaging of the gastric mucosa is of additional value in particularly in a
surveillance setting. In addition, magnification endoscopy demonstrated best results for the
detection of atrophic gastritis and gastric cancer. A combination of NBl and magnification en-
doscopy is likely to serve as an accurate alternative for conventional white light endoscopy.
Cost-effectiveness and evaluation of NBI in combination with magnification awaits therefore
confirmation in large prospective studies that evaluate long-term outcome of surveillance of
patients with pre-malignant gastric lesions. In addition, the role of the OLGIM staging system
proposed in this thesis seems an easy tool to identify patients with advanced risk of gastric
cancer development. However, only a limited number of patients with gastric cancer were
included in our study, consequently, the gastric cancer risk of patients with a high risk score
according to the OLGIM staging system needs to be further evaluated.

Finally, Lynch syndrome mutation carriers are at increased gastric cancer risk. For mutation
carriers, accurate initial selection for high gastric cancer risk based for instance on mutation
status needs to be confirmed. Secondly, histopathological pathways of gastric carcinogen-
esis and the prevalence of pre-malignant gastric lesions in these carriers need to be further
elucidated. Thirdly, appropriate endoscopic surveillance strategies, in terms of frequency and
biopsy sampling and protocols are essential. Since we demonstrated a substantial gastric
cancer risk in Lynch syndrome mutation carriers and further investigation is awaited, we ad-
vice a upper gastrointestinal endoscopic surveillance for MLH1 and MSH2 mutation carriers
starting at 45 years, of age regardless of family history.
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Summary

SUMMARY

Helicobacter pylori infection affects at least 50% of the world population. The chronic inflam-
mation caused by H. pylori can progress to pre-malignant gastric lesions, gastric adenocar-
cinoma and gastric MALT lymphoma. The widespread high prevalence of H. pylori explains
that gastric cancer remains the fourth most common cancer and second leading cause of
cancer related death worldwide. For these reasons, data on epidemiology and screening and
surveillance options for gastric cancer in patients with H. pylori-associated malignancies may
lead to a reduction in gastric cancer mortality.

In the first chapter the aims and outline of this these are described.

In the second chapter of this thesis we describe a pilot study on the association between H.
pylori susceptibility and genetic factors. Overall, 277 H. pylori-positive patients and 728 H.
pylori-negative patients were included in this study. Three single nucleotide polymorphisms
(SNPs) in two loci demonstrated a significant association with H. pylori infection (p < 0.05).
All three SNPs resided in unannotated regions, two on chromosome 2 (rs17015126 and
rs1816653) and one on chromosome 11 (rs1939842). For these SNPs combined p-values
and Odds ratios were calculated for the total cohort. All showed suggestive genome-wide
associations with H. pylori with an OR of 2.5 (95% Cl 1.7-3.5; p = 2.8 x 10-7) for rs17015126, an
ORof 2.7 (95% Cl 1.7-4.4; p = 2.6 x 10-5) for rs1816653 and an OR of 0.6 (95% Cl 0.5-0.8; p = 2.9
x 10-5) for rs1939842. Unfortunately, the precise identity of these SNPs and the function of
the nearest genes remain unknown. Therefore, future (basic) research is necessary to confirm

this association and to provide insights in identity of the underlying loci.

In the third chapter we evaluated the epidemiology of gastric MALT lymphoma, and the gas-
tric adenocarcinoma risk of patients with gastric MALT lymphoma. Firstly, we demonstrated
that the incidence of gastric MALT lymphoma increased from 1991-1997. However thereafter,
a rapid decline in gastric MALT lymphoma incidence was observed. This decline is in part ex-
plained by the declining H. pylori prevalence in Western countries. Furthermore, we showed
that patients with gastric MALT lymphoma had a 6-fold increased risk for gastric cancer in
comparison with the general population (p<0.001). In 90% of patients with diagnosis of
gastric cancer, gastric cancer was diagnosed simultaneously or after gastric MALT lymphoma
diagnosis, with a median interval of 6.0 years (range1-7). We concluded that accurate en-
doscopic and histologic re-evaluation after diagnosis for gastric MALT lymphoma is highly
warranted.

In addition, the prevalence and severity of pre-malignant gastric lesions in patients with
gastric MALT lymphoma may indicate an increased gastric cancer risk. Therefore in chapter

four we evaluated the differences between the prevalence of pre-malignant gastric lesions
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in gastric MALT lymphoma patients with a subsequent diagnosis of gastric cancer and those
without. No differences were demonstrated in the prevalence and severity of pre-malignant
gastric lesions of gastric MALT lymphoma patients with a subsequent diagnosis of gastric
cancer or those without. However, surprisingly, advanced pre-malignant gastric lesions were
common in both patients with subsequent gastric cancer and patients without gastric cancer
development. This indicated that endoscopic and histopathologic surveillance with specific
attention to the severity of pre-malignant gastric lesions after diagnosis of gastric MALT lym-

phoma is highly warranted.

In the fifth till seventh chapter we evaluated screening and surveillance options for patients
with pre-malignant gastric lesions. In the fifth chapter we described a large cohort of 119
patients with a previous diagnosis of intestinal metaplasia or dysplasia and 98 patients with
no diagnosis of advanced precursor lesions. We demonstrated that serum leptin levels can
serve as extra tool to predict patients with high gastric cancer risk in combination with the
established risk factors, in particular male sex, advancing age, and low serum pepsinogen |
levels. However, our results showed that the additional value of this non-invasive marker is
rather low. In the sixth chapter, we presented a cohort of 43 patients with a previous diagno-
sis of intestinal metaplasia and dysplasia. These patients underwent surveillance endoscopy
with conventional white light and narrow band imaging (NBI). We showed that the sensitivity
for the detection of advanced pre-malignant gastric lesions was 71% for NBl and 51% for the
conventional white light endoscopy. We concluded therefore that NBI considerably increases
the diagnostic yield of the detection of gastric intestinal metaplasia and dysplasia, compared
to routine WLE. NBI therefore seems superior to WLE in the surveillance of patients with
advanced gastric precursor lesions.

We proposed in the seventh chapter a new histological staging system for estimating
gastric cancer risk in patients with pre-malignant gastric lesions. This new staging system
was based on the grading of intestinal metaplasia (OLGIM) instead of the recently proposed
OLGA staging system which is based on the grading of atrophic gastritis. We showed that the
interobserver agreement was substantial for atrophic gastritis (kappa value=0.6) and almost
perfect for intestinal metaplasia (kappa value=0.9). In addition, the interobserver agreement
was improved for all stages of the OLGIM compared to the OLGA. Moreover, the correlation
with the severity of gastritis remained at least as strong. Therefore, we concluded that the
OLGIM may be preferred over the OLGA for the prediction of gastric cancer risk in patients

with pre-malignant gastric lesions.

In addition to the increased gastric cancer risk in patients with gastric MALT lymphoma and
pre-malignant gastric lesions, Lynch syndrome mutation carriers seem to have an increased
gastric cancer risk, too. In chapter 8 of this thesis we described the incidence trends of gastric

cancer and the gastric cancer risk in a cohort of 2014 mutation carriers. In total, 32 (1.6%)
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Lynch syndrome mutation carriers were diagnosed with gastric cancer. Firstly, we showed
that the standardized incidence rate of gastric cancer in Lynch syndrome mutation carriers
decreased from 4.0 (95% Cl 1.5-8.6) in the years 1970-1979 to 2.1 (95% Cl 0.6-5.3) in 1990-
1999 (p=0.03). Secondly, we demonstrated a lifetime risk of developing gastric cancer of 8.0%
for males and 5.3% for females (p=0.02). This risk was particularly increased in patients with
MLH1 and MSH2 mutations. For these reasons, we concluded that the incidence of gastric
cancer showed a non-significant decrease during the past decades and that surveillance up-
per Gl-endoscopy for Lynch syndrome patients carrying an MLH1 or MSH2 mutation should
be considered, due to the substantial gastric cancer risk in these patients.

In chapter 9 of this thesis, we evaluated the risk of esophageal squamous cell carcinoma
in patients with gastric atrophy, since an explanation for this association remains largely
unclear. Of the 97728 patients that were included with a first diagnosis of gastric atrophy,
126 patients developed ESCC. An overall relative risk of 2.2 was demonstrated for the de-
velopment of ESCC in gastric atrophy patients. However, the risk of ESCC did not increase
with the severity of gastritis, with relative risks of 2.1 for development of ESCC in patients
with intestinal metaplasia and 2.3 for patients with dysplasia. Moreover, a similar association
was demonstrated between gastric atrophy and small cell lung carcinoma. Hence, a causal
relationship between gastric atrophy and the development of ESCC seems unlikely.

In the remaining chapters the main findings of this thesis are discussed and future directions

for further research on H. pylori-associated malignancies are provided.
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SAMENVATTING

Ongeveer 50% van de wereldbevolking heeft een Helicobacter pylori infectie doorgemaakt.
De chronische ontsteking die wordt veroorzaakt door Helicobacter pylori kan leiden tot
pre-maligne maagafwijkingen, maagkanker en een MALT lymfoom van de maag. De wijd
verspreide prevalentie van H. pylori is een verklaring voor het feit dat maagkanker de vierde
meest voorkomende kanker is en de tweede aan kanker gerelateerde doodsoorzaak wereld-
wijd. Kennis van de epidemiologie en screening en surveillance opties voor maagkanker
in patiénten met Helicobacter pylori - geassocieerde maligniteiten kunnen leiden tot een
reductie in maagkanker mortaliteit.

In het eerste hoofdstuk worden de doelen en de achtergrond van dit proefschrift beschreven.

In het tweede hoofdstuk van dit proefschrift beschrijven wij in een pilot studie de associatie
tussen H. pylori ontvankelijkheid en genetische factoren. In totaal werden er 277 H. pylori-
positieve patiénten geincludeerd en 728 H. pylori-negatieve patiénten. Drie SNP’s op twee
loci toonden een significante associatie met H. pylori infectie (p<0.05). Deze drie SNPs lagen
alle drie in nog onbeschreven regionen van het DNA; twee op chromosoom 2 (rs17015126
and rs1816653) en één op chromosoom 11 (rs1939842). Gecombineerde p-waardes en Odds
ratios zijn berekend voor deze drie SNPs voor het hele cohort. Alle SNPs toonden suggestieve
genoom brede associates met H. pylori met een OR van 2.5 (95% Cl 1.7-3.5; p = 2.8 x 10-7)
voor rs17015126, een OR van 2.7 (95% ClI 1.7-4.4; p = 2.6 x 10-5) voor rs1816653 en een OR
van 0.6 (95% Cl 0.5-0.8; p = 2.9 x 10-5) voor rs1939842. Helaas is de precieze identiteit van de
SNPs, evenals de functie van de dichtstbij gelegen genen nog onbekend. Om deze reden is
toekomstig (basaal) onderzoek noodzakelijk om de gevonden associaties te bevestigen en
nieuw inzichten te bieden in de identiteit van de onderliggende loci.

In het derde hoofdstuk wordt de epidemiologie van MALT lymfomen van de maag en het
maagkanker risico van patiénten met een MALT lymfoom van de maag geevalueerd. Ten
eerste toonden we een toename van de incidentie van MALT lymfomen van de maag in
de periode 1991-1997, echter daarna werd een snelle afname in incidentie waargenomen.
Deze afname wordt gedeeltelijk verklaard door de afname in H. pylori prevalentie in Wes-
terse landen. Daarnaast demonstreerden we dat patiénten met een MALT lymfoom van de
maag een 6 keer hoger risico hebben op het ontwikkelen van maagkanker in vergelijking
met de Nederlandse populatie (p<0.001). In 90% van de patiénten met maagkanker werd
maagkanker gelijktijdig of na de diagnose MALT lymfoom van de maag gesteld, met een
mediaan interval van 6 jaar (range 1-7 jaren). Om deze redenen concludeerden we dat ac-
curate endoscopische en histologische herevaluatie na een diagnose MALT lymfoom van de

maag strict noodzakelijk is.
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Bovendien kan de prevalentie en ernst van pre-maligne maagafwijkingen in patiénten met
een MALT lymfoom van de maag wijzen op een verhoogd maagkanker risicio. In hoofdstuk
vier evalueerden we daarom de verschillen tussen de prevalentie van pre-maligne maagaf-
wijkingen in patiénten met een MALT lymfoom van de maag en daaropvolgend een diagnose
maagkanker en patiénten met een MALT lymfoom van de maag zonder maagkanker ontwik-
keling. Ook de prevalentie van pre-maligne maagafwijkingen in patiénten met een diffuus
grootcellig B-cel lymfoom die later maagkanker ontwikkelden werd geevalueerd. Er werden
geen verschillen gevonden in de prevalentie en ernst van pre-maligne maagafwijkingen tus-
sen patiénten met maagkanker en zonder maagkanker of patiénten met een MALT lymfoom
van de maag en een diffuus grootcellig B-cel lymfoom. Het is echter wel verrassend dat
gevorderde pre-maligne maagafwijkingen veelal gezien worden in zowel patiénten met en
zonder een uiteindelijke diagnose van maagkanker. Dit toont opnieuw dat endoscopische
en histologische herevaluatie van groot belang is na een diagnose MALT lymfoom of diffuus

grootcellig B-cel lymfoom.

In het vijfde tot zevende hoofdstuk beschrijven wij screening en surveillance mogelijkheden
voor patiénten met pre-maligne maagafwijkingen. In het vijfde hoofdstuk beschrijven we
een groot cohort van 119 patiénten met een eerdere diagnose van intestinale metaplasie of
dysplasie en 98 patiénten zonder deze pre-maligne maagafwijkingen. We toonden dat serum
leptine niveaus in combinatie met de bekende risicofactoren, namelijk mannelijk geslacht,
oudere leeftijd, en lage serum pepsinogeen | niveaus, kunnen dienen als extra marker om
patiénten met een hoog maagkanker risico te voorspellen. Echter onze resultaten toonden
dat de toegevoegde waarde van deze non-invasieve marker gering is. In het zesde hoofdstuk
presenteerden we een cohort van 43 patiénten met een eerdere diagnose van intestinale
metaplasie of dysplasie die surveillance endoscopie met het conventionele wit licht en met
Narrow band imaging (NBI) ondergingen. We toonden dat de sensitiviteit voor de detectie
van gevorderde pre-maligne maagafwijkingen 71% was voor NBI en 51% voor de conven-
tionele wit licht endoscopie. Om deze reden concludeerden we dat NBI de diagnostische
opbrengst voor de detectie van intestinale metaplasie en dysplasie significant verhoogd. NBI
lijkt daarom superieur boven wit licht endoscopie voor de surveillance van patiénten met
gevorderde pre-maligne maagafwijkingen.

In het zevende hoofdstuk stellen wij een nieuw histologisch stadiérings systeem voor
om het maagkanker risico in patiénten met pre-maligne maagafwijkingen te schatten. Dit
nieuwe stadiérings systeem is gebaseerd op het graderen van intestinale metaplasia (OLGIM)
in plaats van het recent voorgestelde OLGA stadiérings systeem wat gebaseerd is op het
graderen van atrofische gastritis. We toonden aan dat de interobserver overeenstemming
substantieel was voor een diagnose atrofische gastritis (kappa=0.6), maar bijna perfect was
voor een diagnose intestinale metaplasie (kappa =0.9). Daarnaast was de interobserver
overeenstemming in vergelijking met de OLGA stadia verbeterd voor alle OLGIM stadia.
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Bovendien was de correlatie met de ernst van de gastritis tenminste even goed. Om deze
redenen concludeerden we dat de OLGIM verkozen dient te worden boven de OLGA om het

maagkanker risico te schatten in patiénten met pre-maligne maagafwijkingen.

Naast het verhoogde maagkanker risico in patiénten met een MALT lymfoom van de maag
en pre-maligne maagafwijkingen, lijken Lynch syndroom mutatie dragers ook een verhoogd
maagkanker risicio te hebben. In hoofdstuk 8 van dit proefschrift beschrijven we de incidentie
van maagkanker en het maagkanker risico in een cohort van 2014 mutatie dragers. In totaal
werd in 32 (1.6%) van de Lynch syndroom mutatie dragers maagkanker gediagnosticeerd.
Ten eerste toonden we dat de gestandaardiseerde incidentie ratios van maagkanker in Lynch
syndroom mutatie dragers afnam van 4.0 (95% Cl 1.5-8.6) in de periodee 1970-1979 naar 2.1
(95% Cl 0.6-5.3) in 1990-1999 (p=0.03). Ten tweede demonstreerden we een risico op het
ontwikkelen van kanker gedurende een leven van 8.0% voor mannen en 5.3% voor vrouwen
(p=0.02). Dit risico was vooral verhoogd in patiénten met een MLH1 of MSH2 mutatie. Om
deze reden concludeerden we dat de incidentie van maagkanker een niet significante verlag-
ing toonde in de afgelopen decaden en dat surveillance endoscopie voor Lynch syndroom
patiénten met een MLH1 of MSH2 mutatie overwogen moet worden vanwege het substanti-
ele maagkanker risico in deze patiénten.

We evalueerden het risico op plaveiselcel carcinomen van de slokdarm in patiénten met
atrofische gastritis in hoofdstuk 9 van dit proefschrift, omdat een verklaring voor de eerder
beschreven associatie hiertussen onduidelijk is. In het studie cohort dat bestond uit 97 728
patiénten met een eerste diagnose van atrofische gastritis, ontwikkelden 126 patiénten een
plaveiselcel carcinoom van de slokdarm. Een totaal relatief risico van 2.2 was berekend voor
het ontwikkelen van plaveiselcel carcinomen van de slokdarm in patiénten met atrofische
gastritis. Echter het risico op plaveiselcel carcinomen van de slokdarm was niet evenredig
verhoogd met de ernst van de gastritis, we toonden namelijk een relatief risico van 2.1 voor
de ontwikkeling van deze carcinomen in patiénten met intestinale metaplasie en een relatief
risico van 2.3 voor patiénten met dysplasie. Bovendien werd er een zelfde associatie aange-
toond tussen atrofische gastritis en kleincelling longkanker. Om deze reden lijkt een causaal
verband tussen atrofische gastritis en het ontwikkelen van plaveiselcel carcinomen van de
slokdarm onwaarschijnlijk.

In de laatste hoofdstukken van dit proefschrift worden de belangrijkste bevindingen bedis-

cussieerd en toekomstige richtingen voor verder onderzoek naar H. pylori-geassocieerde
maligniteiten beschreven.
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Een proefschrift voltooien kan niet zonder de hulp van anderen, graag wil ik iedereen die
bijgedragen heeft hartelijk bedanken. In het bijzonder gaat mijn dank uit naar:

Mijn promotor professor dr. E. J. Kuipers, beste Ernst, graag wil ik je bedanken voor het
vertrouwen, je enthousiasme, je uitleg (vaak met een tekeningetje erbij waardoor iets wat ik
als ‘complex’ beschouwde opeens buitengewoon simpel werd), de mogelijkheden die je me
geboden hebt, en het opbouwend commentaar bij manuscripten dat vaak in de avonden
en in alle vroegte in het weekend werd toegestuurd. Je aanstekelijke humor leidde soms tot
gedenkwaardige situaties. Een goed voorbeeld: Eénmaal trof ik jou aan het einde van de dag
samen met Jelle schaterlachend aan, jij had een sinaasappel voor Jelle bewaard, en Jelle een
Mars voor jou. Zo vullen jullie elkaar goed aan! Ik wil je graag heel hartelijk danken voor de
plezierige samenwerking. Jelle Haringsma, ook jou ben ik veel dank verschuldigd. Beste Jelle,
jij leerde me dat promoveren leuk en interessant is, maar dat het nog veel belangrijker is een
goede dokter te worden. Dank voor alle tijd en moeite die je in de scopieén en studies hebt
gestoken.

Prof. dr. H. F. A. Vasen, beste Hans, veel dank voor de gelegenheid die je me geboden hebt
om binnen de Stichting Opsporing Erfelijke Tumoren in Leiden onderzoek te doen naar
maagkanker. De volgende manuscripten uit deze samenwerking, die ik altijd als heel prettig
heb ervaren, zullen nu toch echt snel volgen.

Prof. dr. A. G. Uitterlinden, beste André, door jouw enthousiasme werd ik de SNP-wereld
binnen getrokken, hartelijk dank voor alle steun in het mega-project. Daarnaast ook veel
dank aan Lisette Stolk en Michael Verbiest, voor het inzichtelijk maken van de SNP materie
en analyses.

Graag wil ik ook Nicole van Grieken bedanken. Jouw enthousiasme voor de pathologie
heeft mij laten inzien dat patholoog een heel boeiend en leuk vak is. Dank voor alles wat je
me geleerd hebt onder de microscoop, de ideeén voor lopend en nieuw onderzoek, maar
ook de kopjes koffie en gezelligheid tijdens de bezoeken aan het VUMC.

Ook de overige leden van de grote en kleine commissie wil ik bedanken voor de bereidheid
plaats te nemen in de commissie en de aanwezigheid op 3 september 2010.

Beste Richard de Vries en Frank ter Borg, zonder jullie uitgebreide inclusie van patiénten
waren mijn artikelen niets waard geweest, dank voor jullie inzet. Daarnaast Herman van
Dekken, Jos Meijer en Katharina Biermann, dank voor de deskundigheid en het groot aantal
coupes dat jullie voor mij bekeken en gescoord hebben. Tevens gaat mijn dank uit naar
Marielle Casparie voor alle ondersteuning bij de PALGA projecten.

Statistici Ewout Steyerberg en Caspar Looman, graag wil ik jullie bedanken voor jullie
geduld, de kunst waarover jullie beiden beschikken om lastige problemen om te toveren tot
begrijpelijke stof en de input bij de verschillende artikelen en revisies.
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Eveneens gaat mijn dank uit naar alle endoscopie-verpleegkundige en secretaresses van
het EMC maar ook van de Stichting Opsporing Erfelijke Tumoren voor de ondersteuning en
hulp bij de inclusie van patiénten. Wendy Holleman, veel dank dat ik altijd met mijn vragen
bij je terecht kon.

Een promotie onderzoek loopt meestal niet zoals gepland, zo ook bij mij. Eigenlijk zou ik
starten met een ratten- en muizenmodel, maar het liep anders. Lieve Annemarie de Vries
daarvoor wil ik je graag bedanken. Zonder het aanbod om jouw ‘maagmaatje’ te worden
was dit een heel ander proefschrift geworden. Dank voor al je steun, je altijd goede tips en
adviezen, en de leuke tijd die we samen hebben gehad in zowel het Erasmus als in het SFG.
Hopelijk gaan we in de komende jaren nog veel meer samenwerken.

Caroline den Hoed, fijn dat jij kwam om de maag-projecten voort te zetten. Lieve Caroline,
jouw tomeloze inzet niet alleen in je werk maar ook daarbuiten zorgen ervoor dat alles wat je
wilt je ook lukt. Daar heb ik groot respect voor. Dank voor alle ondersteuning op het werkge-
bied, de etentjes en de adviezen bij het zoeken naar woonruimte.

Dan natuurlijk wil ik het MDL-lab hartelijk bedanken voor de leuke tweeéneenhalf jaar
die ik bij jullie heb doorgebracht. De stafleden, Hans Kusters, Hanneke van Vuuren, André
Boonstra, Andrea Woltman, Luc van der Laan, Jaap Kwekkeboom en Ron Smits, dank voor
jullie laagdrempeligheid en het feit dat ik bij alle labtechnische problemen bij jullie mocht
aankloppen. De diagnostiek, Angela Heijens, Martine Ouwendijk, Nicole Nagtzaam en Jan
Francke dank voor jullie vrolijkheid en hulp bij alle ELISA's en andere proeven. Verder wil ik
Anouk (zonder jou had ik er niets van begrepen!), Chantal, Katinka, Lianne, Jeroen, Hans,
Mark, Marolein O, Pieter-Jan, Werner, Wendy, Scot, Shanta, Suomi, en Thanya bedanken
voor de gezellige tijd. Patrick, Anthonie, en Antoine dank voor jullie gezelligheid, grapjes
(en outfits) bij de vele borrels en feestjes. Niet te vergeten, Anthonie ook bedankt voor het
organiseren van het kampeerweekend! Mijn (oud)-kamergenoten, Jeroen, Clara, Abdullah,
Celine wil ik bedanken voor de gezellige tijd. Jasper (the hottest person in the room?!) dank
voor je enthousiasme ook wanneer ik je weer eens vroeg iets basaals uit te leggen. Dear Viv
and Lally, thanks for all the nice chats mostly on non-medical or science stuff and the cheerful
welcome you gave me every time | returned to the lab. Marjolein Sikkema, lieve Marjolein,
als maatje ongeveer dezelfde tijd op het lab, dank voor alle gezelligheid, lief en leed delen
gaat blijkbaar erg goed als je met de rug naar elkaar toezit, veel plezier en succes in Utrecht.

Voorts wil ik alle arts-onderzoekers Aefke, Aria, Desiree, Dew, Edith, Eva, Femme, Jerome,
Jildou, Jur, Lieke, Margot, Nicoline, Paul, Robert, Vera en Vincent bedanken voor de gezellige
tijd die ik heb gehad, soms tijdens de lunch, maar vooral tijdens de borrels, feestjes en niet te
vergeten alle congressen.

Daarnaast de stafleden en collega’s uit het Sint Franciscus Gasthuis, dank voor de prettige
samenwerking, maar ook voor alle tips en adviezen omtrent deze promotie.

Tijdens mijn promotie-onderzoek heb ik veel gepiekerd over allerlei zinnige en onzinnige zaken,

maar uiteindelijk zijn er toch maar een paar dingen echt belangrijk en dat zijn vrienden en familie.
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Lieve Daphne, Monique en Aukje, dank voor de gezellige jaren in Utrecht zo zie je maar
weer waar zo'n introductieweek goed voor is. Fijn om ervaringen met jullie te kunnen uitwis-
selen maar ook om te kletsen over niet medische onderwerpen. Lieve Miek, dank voor al
je hulp bij deze promotie, je positieve instelling en je inlevingsvermogen. Hopelijk zien we
elkaar nu weer wat vaker in Rotterdam, Utrecht of elders! Lieve Flavours: Aef, Freek, Fre, Jes,
Ka, Lau, Lies, Mar, Mat, Mies, en Wol, ik ben blij dat jullie ook genoegen namen met mailtjes en
telefoontjes voor elke keer dat ik dienst had of achter mijn computer zat als er weer eens een
vrimibo/zamibo was. Jullie interesse werd er zeker niet minder om. Dank! Lieve huisgenoten,
Suus, Susan en Heske, bedankt voor jullie niet aflatende steun bij dit soms wat lastige project
dat pieken en dalen heeft gekend. Alle avondjes (Bartje en Weeshuis), weekendjes en vakan-
ties hebben geleid tot een fantastische basis voor hopelijk een levenslange vriendschap (en
natuurlijk een perfecte klaverjas-eenheid).

Dan wil ik graag Stefan, Cockie, Felix en Daniélle bedanken voor alle interesse en het warme
welkom in de schoonfamilie.

Mijn familie: lieve oma, dank voor al uw wijze raad en (Amsterdamse) humor. Lieve zusjes
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