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Abstract
Over the last two decades there has been a broad paradigm shift in our
understanding of gastric cancer (GC) and its premalignant states from gross
histological models to increasingly precise molecular descriptions. In this review
we reflect upon the historic approaches to describing premalignant lesions and
GC, highlight the current molecular landscape and how this could inform future
risk assessment prevention strategies.
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Core tip: Despite recent advances in our understanding of the molecular and cellular
events involved in gastric cancer, little is known about how gastric premalignant lesions
actually lead to this usually lethal disease (5 years survival about 20% in most Western
countries). It is still not clear whether some or all of these lesions are directly involved in
the process of gastric carcinogenesis or whether they are simply bystanders. In this
review, we attempt to shed some light into how our current understanding of
premalignant lesions may be used to improve patient stratification and lead to better
overall patient survival rates.
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INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer worldwide and third highest
cause of cancer-related death. In 2012, 950000 individuals were diagnosed with the
disease and 723000 died. High incidence areas are Eastern Asia, particularly China,
Japan and South Korea, Eastern Europe, Central and South America. Low incidence
areas are Australia and New Zealand, North America, Western Europe, South Central
Asia and most parts of Africa[1]. Risk factors for GC include male sex, age, high salt
intake, including salt preserved foods, smoked or dried meat and fish, pickled food,
low intake of fresh fruit and vegetables, smoking, radiation exposure, low levels of
physical activity, obesity and low socioeconomic status[2-15].

HISTOLOGICAL AND MOLECULAR CLASSIFICATIONS OF
GC
The majority of GC are adenocarcinomas and these can be subdivided by the Lauren
histopathology system into intestinal and diffuse subtypes[16]. The intestinal subtype
of GC (IGC) is characterised by tumour cells that form gland-like structures whereas
the  diffuse  subtype  (DGC)  has  single  or  groups  of  tumour  cells  that  are  poorly
differentiated or undifferentiated infiltrating the gastric wall. GC with components of
both  DGC  and  IGC  are  referred  to  as  mixed.  Given  all  three  subtypes  are
adenocarcinomas this raises questions regarding the pre-malignant pathways and
aetiologies of each. Given they arise from the same gastric inflammatory milieu are
they a spectrum of the same disease with overlapping molecular identities or do they
represent unique entities with disparate causes and premalignant pathways?

The Cancer Genome Atlas (TCGA) Research Network published a landmark study
into  molecular  classification  of  established  GC  in  2014.  The  study  performed
integrative genomic and epigenomic analysis of 295 gastric adenocarcinomas and
reported on four major subclasses based on somatic copy number, mutation analysis,
methylation  and gene  expression  status.  These  were  named:  Epstein  Barr  virus
positive, microsatellite unstable (MSI), genomically stable (GS) and chromosomal
unstable subtypes[17]. While there was significant overlap regarding the molecular
signatures between the IGC, DGC and mixed types consistent with common aspects
of oncogenesis, 75% of the DGCs were of the GS subclass suggesting a divergent
pathway. The TCGA analysis also demonstrates the potential limitation of histological
systems such as the Lauren classification, with cellular phenotypes often not reflecting
the heterogeneous nature of complex underlying molecular changes.

There are a number of inherited genetic conditions that predispose to GC such as
somatic mismatch repair  mutations in Lynch Syndrome and CDH1 mutations in
Hereditary Diffuse GC. Although these are of interest in elucidating the molecular
pathways of oncogenesis, discussion of these conditions is largely outside the scope of
this review.

THE CORREA CASCADE

Chronic gastric inflammation
In 1975 Correa et  al[18]  described a stepwise progression of  conditions within the
stomach that were thought to result in GC. This was one of the first considerations of
premalignant conditions in this  disease and it  was later found to be initiated by
Helicobacter pylori (H. pylori). The initial step in the Correa cascade is the development
of Chronic gastritis (ChG). H. pylori  represents the archetypal cause of ChG, with
infected patients  in some studies having a greater  than 10-fold higher chance of
developing  GC[19].  The  effects  of  H.  pylori  on  the  gastric  epithelium  have  been
extensively  studied,  with  one  of  the  most  important  pathogenic  factors  being
cytotoxin-associated gene A protein (CagA) positive strains. Virtually all of East Asian
strains and 60% of Western strains of H. pylori strains are cagA+, with infected patients
developing more distinct inflammation, gastric ulceration and higher risk of GC[20-22].
Bacterial CagA protein interacts with a series of host epithelial proteins including
ASPP2,  RUNX3,  PI3K,  SHP2  and  E-cadherin,  resulting  in  the  degradation  and
inactivation of p53 and RUNX3, deregulation of the PI3K-AKT, Ras-ERK and Wnt
pathways and disruption of adherens junctions[23]. CagA has also been shown to alter
DNA methylation patterns further deregulating normal epithelial gene expression
patterns[24]. Intestinal metaplasia (IM) samples show higher levels of methylation than
Atrophic gastritis (AG) samples, suggesting that DNA methylation pattern changes
may play a vital role in the Correa model of IGC[24,25].
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Autoimmune gastritis and atrophic gastritis
Autoimmune gastritis is a common aetiology of ChG, which results in activation of
the adaptive immune system against parietal cells and intrinsic factor, leading to the
destruction  of  the  oxyntic  gastric  mucosa.  As  with  other  forms  of  chronic
inflammation, autoimmune gastritis is a risk factor for GC through progression to
intestinal metaplasia[26]. In a meta-analysis the overall relative risk of GC in patients
with autoimmune gastritis was 6.8 (95%CI: 2.6–18.1)[27].

ChG leads to AG which refers to the atrophy and loss of gastric mucosal glands.
Loss  of  specialised  cells  has  significant  implications  on  gastric  function,  with
hypochlorhyria being one of the most recognised. In this state the loss of peptic acid
production and raised gastric pH has implications on nutrient absorption (such as
iron) and has significant implications on the gastric microbiome[28]. There has been
considerable interest in the relationship between the gastric microbiome and GC, with
a recent study uncovering dysbiosis of bacterial taxa along the Correa cascade[29]. At
this  stage  it  is  uncertain  if  this  dysbiosis  represents  a  pre-malignant  factor
contributing to carcinogenesis in its own right, or simply a reflection of the change in
the gastric microenvironment.

A key risk factor of chronic inflammation is the release of large amounts of reactive
oxygen and nitrogen free species (ROS and NOS respectively), which are associated
with DNA damage and increased mutation rates. Previous studies have shown that
ROS and NOS released by inflammatory and epithelial cells can cause oxidative and
nitrative  DNA  damage  including  the  production  of  8-oxo-7,8-dihydro-2’-
deoxyguanosine (8-oxodG), a known mutagen and 8-nitroguanine[30,31]. The latter is
formed by inducible nitric oxide synthase iNOS. Gene expression of iNOS is regulated
by the NF-κB and STAT pathways among others[32]. These changes can result in DNA
mutations thus promoting cellular changes and carcinogenesis.

GASTRIC STEM CELLS AND IM
In normal gastric epithelium stem cell populations give rise to nascent epithelial cells
that mature and differentiate as they migrate to the apex of the gland[33]. Gastric and
intestinal stem cells share an endodermal lineage, and through the process of chronic
inflammation gastric stem cells may reprogram, producing metaplastic intestinal-type
epithelium  that  replaces  the  normal  gastric  mucosa[34].  The  continuing  chronic
inflammatory process results in further accumulation of genetic lesions in stem cells,
ultimately resulting in dysplasia  and cancer.  As such IM can be thought  of  as  a
marker  of  stem cell  stress  and damage,  with  multiple  inflammatory  aetiologies
converging to histologically identical metaplastic change. There have been multiple
gastric stem cell populations characterised including Lgr5+  stem cells in the adult
antrum and the neonatal corpus and antrum, Mist1+ stem cells found in the isthmus
region of the corpus glands and Troy+ stem cells that are thought to reside in the base
of the corpus glands[33,35,36]. The role each of these plays in oncogenesis is an area of
ongoing research. However, it is notable that different regions of the stomach have
different  stems  cells  and  based  on  epidemiological  evidence  histological  and
molecular  subgroups are  found in different  anatomic distributions suggesting a
possible  predetermined  pathway  for  conversion  to  specific  GC  subgroups.  For
instance, TCGA found different anatomic distribution of molecular subgroups of GC
with MSI being more likely to occur in the gastric corpus and antrum but rarely in the
cardia[17].

IM
IM is usually found incidentally in patients undergoing upper endoscopy and is
usually  asymptomatic.  While  IM  is  defined  by  intestinal  differentiation  it  is
molecularly  heterogeneous  but  can be  histologically  categorised as  complete  or
incomplete subtypes (Figure 1). Complete IM (type I) resembles the small intestine
epithelium with  goblet  cells,  Paneth  cells,  eosinophilic  enterocytes  and a  brush
border[37]. It is associated with loss of markers of gastric mucin (MUC1, MUC5AC,
MUC6) and expression of the intestinal sialic mucin, MUC2[38]. Incomplete IM more
closely resembles the large intestine epithelium, lacking absorptive cells, but with
columnar cells resembling gastric foveolar cells. It does not have a brush border and
maintains expression of gastric mucin markers (MUC1, MUC5AC, MUC6) usually
together with gain of MUC2[38]. Incomplete IM is further subdivided into Type II IM,
with cells expressing a mixture of neutral mucins and intestinal sialomucins and Type
III IM, with cells expressing sulfomucins[37]. In practice histopathological classification
between complete and incomplete IM is often not mutually exclusive, with segments
of tissue containing elements of both subtypes. The distinction between complete and
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incomplete IM is clinically important as it appears incomplete harbours a higher risk
of progression to cancer[39-42].

In the context of long-term H. pylori infection, IM possibly develops as an adaptive
and protective lesion[43]. There has been extensive work into determining how H. pylori
infection leads to IM with a number of genes implicated including SOX2 and CDX2.
SOX2 is a transcription factor involved in gastric differentiation which negatively
regulates intestinal differentiation, whereas CDX2 is a key intestinal transcription
factor involved in establishing and maintaining IM[44]. SOX2 and CDX2 seem to be
inversely regulated by H. pylori[45]. Complete IM has been shown to be predominantly
SOX2 negative (93%) and incomplete IM mainly SOX2 positive (85%)[46]. Moreover
CDX2 expression has  been shown to  be  also  induced in  part  through an NF-κB
dependent mechanism following H. pylori infection[47].

Duodeno-gastric reflux is another proposed gastric insult contributing to ChG and
IM formation, analogous to gastroesophageal acid reflux in Barrett’s oesophagus[48].
There has been an association of increased incidence of IM after exposure to bile acids
reported in a large-scale study involving a total of 2283 patients[49]. In this context the
development of IM may represent a protective mechanism, with a metaplasia to an
intestinal phenotype more capable of resisting the effects of bile than the normal
gastric mucosa.

Risk factors in IM
H. pylori is a significant risk factor in the establishment of IM, however there are other
clinical and environmental exposures that have been shown to be important risk
factors for IM progression to GC. In a large-scale US study (n = 810821 patients) IM
was more common in men, was more prevalent with increasing age and East Asian
ancestry. This suggests IM may occur due to environmental exposures but in the
context of hereditary risk[50]. Hereditary risk is relevant in GC even excluding major
genetic syndromes with several studies showing intestinal-type GC is associated with
a strong family history of GC[51-53]. With respect to premalignant lesions, it was shown
that among siblings with a family history of any precancerous change there is an
increase in risk of subsequent non-cardia GC with a hazard ratio of 2.5 compared with
siblings of index persons with “normal or minor mucosal changes”[54]. The availability
of siblings' precancerous data to the clinician could be useful in assessing a patient’s
risk of progressing to GC.

Once established, the degree of IM has been shown to be related to the risk of
progression to cancer. Extensive IM with IM in the corpus, incomplete IM and IM
located along the Maggenstrasse (along the lesser curve of the stomach) have been
shown to increase the risk of progression towards cancer[40,42,55,56].  In one study of
microsatellite  instability  (MSI),  this  molecular  finding  was  enriched  in  GC and
adjacent IM suggesting this may be an early event in MSI subtype GCs. It is notable
that microsatellite unstable IM was of incomplete type in this study[57] which provides
further  evidence  for  the  potential  unique  molecular  pathways  that  begin  in  the
premalignant context.

OLGA AND OLGIM
Both the Operative Link on Gastritis Assessment (OLGA) and on Gastric Intestinal
Metaplasia (OLGIM) are based on histological assessment of random biopsies taken
from designated areas of the stomach according to the Sydney protocol[58-60]. At least
four sites are sampled from the stomach during upper gastroscopy (two antral and
two corpus). Both OLGA and OLGIM are scoring standards used to grade and stage
chronic gastric inflammation, gastric atrophy and intestinal metaplasia. They provide
information with regards to topography and extent of atrophic gastritis and intestinal
metaplasia, the latter being easier to assess and more consistent. Initially reported by
Rugge et al[61,62] 2010 and 2011 for both OLGA and OLGIM and more recently by the
meta-analysis carried out by Yue et al[63] 2018 OLGA and OLGIM stages Type III/IV
are consistently associated with increased risk of progression to GC. These findings
suggest that high risk patients with OLGA/OLGIM stages type III/IV would benefit
from close and frequent monitoring to detect neoplastic lesions at the earliest possible
stage.

POINT OF NO RETURN
The  Correa  cascade  is  often  referred  to  as  a  linear  progression,  however  in  the
majority of patients there may be little to no change along the Cascade cascade over
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Figure 1

Figure 1  Complete or incomplete subtypes. A: Chronic gastritis with mucosal atrophy and lymphocytic infiltrate (asterix); B: Incomplete intestinal metaplasia
resembling the colonic-type epithelium with irregular mucin droplets (arrowheads) and absence of a brush border; C: Complete intestinal metaplasia resembling the
small intestinal epithelium with goblet cells alternating with eosinophilic enterocytes, brush border and Paneth cells; D: Low-grade dysplasia characterized by crowded
glands with columnar cells and preserved polarity and pseudostratified nuclei; E: High-grade dysplasia with cuboidal cells, mitotic activity, prominent nucleoi, and high
nuclear-cytoplasmia ratio.

many years. In other patients it can be a dynamic process with regression and/or
progression  of  lesions,  perhaps  even  rapid  progression  bypassing  some  of  the
putative stages. It is clearly evident that H. pylori infection and chronic inflammation
in selected individuals causes progression of the cascade and it has been observed
that successful eradication of H. pylori can lead to regression of histological features.
There has been speculation that there is a point at which eradication is less effective at
causing regression and indeed does not change the risk of progression in certain
individuals. This has been referred as the “point of no return”. H. pylori eradication
results in complete resolution of histological inflammation and regression of atrophy
in AG patients, with greater improvement seen in corpus AG compared to antral AG
patients[64]. Unfortunately, the same effect is not seen in IM patients[64-67]. Once IM is
established, eradication is only partially successful at reducing the risk of progression
to GC. This suggests that IM may be the “point of no return” where genetic damage to
gastric stem cells becomes irreversible. Although there is much evidence to support a
point of no return, there has been evidence of regression from IM to AG or ChG in
some cohorts[40,68]. A graphical summary of some of the larger IM progression studies
is shown in Figure 2[40,68-73].
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Figure 2

Figure 2  Graphical representation of selected large studies investigating progression/regression of premalignant gastric lesions across the stages of the
Correa cascade. Arrows represent the direction of effect findings, with the size of the arrow the strength of effect (not to scale between cohorts and only major
findings of trials represented). H. pylori Rx: Helicobacter pylori antibiotic therapy; CIM: Complete IM; IIM: Incomplete IM; LGD: Low-grade dysplasia; HGD: High-grade
dysplasia; IM: Intestinal metaplasia.

SPASMOLYTIC PEPTIDE EXPRESSING METAPLASIA
Work from animal models of GC has introduced the concept of Spasmolytic peptide
expressing metaplasia (SPEM). This is a cell lineage shown to be strongly associated
with chronic gastritis in the fundus and gastric adenocarcinoma in animals[74]. It is
often thought as an alternative metaplastic lineage to IM. SPEM is morphologically
similar to Brunner's glands of the duodenum and expresses the trefoil spasmolytic
polypeptide (SP or TFF2)[75].  It has been hypothesised that SPEM is an alternative
precursor to GC and is associated with increased risk compared to IM[76]. Although
SPEM is not a defined stage in the Correa cascade, it has been useful for studying the
process of metaplasia formation in mice. To avoid confusion, SPEM is identified in the
corpus and the fundus but not in the antrum as its characteristics are very similar to
those of the deep antral and pyloric glands which also express TFF2. In mice infected
with Helicobacter felis, SPEM develops after 6 to 12 mo of infection in the presence of
active inflammation. First parietal cells are lost (oxyntic atrophy) and then the normal
gastric lineages are replaced with metaplastic cells[77].  In two acute drug-induced
SPEM models,  with DMP-777 protonophore (abrogated inflammation)  and L635
(prominent  inflammation)  as  well  as  with  H.  felis  infection  in  mice  (chronic
inflammation),  it  is  suggested SPEM arises from the transdifferentiation of  chief
cells[77,78]. However more recently a study by Kinoshita et al[79] suggested that SPEM is
the result of a regenerative process initiated by neck progenitor cells after chief cell
loss. In another mouse model, SPEM in INS-GAS mice progressed to dysplasia after 1
year[80]. Following H. pylori-infection, Mongolian gerbils progressively develop ChG,
followed by loss of parietal cells and metaplasia[81]. After 1 year of infection, SPEM is
observed and mixed glands expressing both SPEM and IM are also seen. In humans
there  is  growing  evidence  that  suggests  SPEM  can  either  progress  directly  to
dysplasia or become IM in the presence of continuous chronic inflammation[82]. These
animal systems have been useful in studying the natural history of these lesions but it
remains to be seen whether they are reliable models of the human condition.

THE ROLE OF THE IMMUNE MICROENVIRONMENT
We have continually reiterated the role of chronic inflammation in the development of
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GC.  In  the  context  of  a  chronically  inflamed  microenvironment,  there  is  some
evidence that IM may arise due to the actions of specific immune cells. Using the
murine model of L635-induced SPEM and following administration of clodronate, it
was shown that macrophages are involved in the development of acute SPEM[83].
These macrophages were predominantly of the M2 subset (alternatively activated)
and in the same study M2 macrophages were also shown to be increased in human
SPEM and IM. Another prevalent immune cell in IM is neutrophils which were shown
to be approximately 9-fold enriched compared to normal gastric tissue[84]. GC tissues
were roughly 24 times enriched in neutrophils compared to normal gastric tissue.
Thus macrophages and neutrophils may be vital immune cells required in the gastric
microenvironment for SPEM and IM to develop and then to progress to GC. The role
of the immune system in the process of gastric carcinogenesis has not yet been fully
investigated.

CELLULAR AND MOLECULAR PATHWAYS OF
PROGRESSION
IM progression to dysplasia and subsequently cancer occurs infrequently and the
molecular mechanisms responsible for this progression are still not well understood.
There are a number of challenges with studying this paradigm in view of the long
duration over which these conditions progress, thus limiting prospective studies. This
is compounded by the low rates of progression from each of the Correa stages and the
potential confounder of tissue sampling when undertaking endoscopic follow up.
Although the exact genomic or epigenomic pathways for IM progression to dysplasia
are still being investigated, it is possible to postulate how certain events are necessary
for progression by combining available data from a small number of key studies. It is
known that: (1) IM is clonally derived from within the gastric mucosa[34,85]; (2) Gastric
and IM glands divide by fission to form clonal patches[34,85,86]; (3) Over time, different
gastric  stem  cells  with  accumulated  genomic  events  (somatic  mutations/
chromosomal copy number gains and/or losses) can give rise to unique IM glands; (4)
Further genomic changes may drive IM glands to proliferate or persist over a long
period of time; (5) Dysplastic glands are formed that are genetically related to IM
glands;  entire  dysplastic  fields  can  share  a  foundation  mutation[86]  from  which
multiple  subclones  can result;  and (6)  This  event  can happen simultaneously  in
multiple regions of the stomach leading to an increased risk of GC developing across
several locations and therefore providing a field cancerization effect.

To better understand how this process may unfold, studies on gastric adenoma
(GA)  and  Barrett’s  oesophagus  (BO)  progression  to  GC  and  oesophageal
adenocarcinoma (OAC), respectively, can be used as examples. In a recent study of
gastric adenoma and paired GC from the same patients were used to determine clonal
evolution. Clonal structure analyses showed that most GA/GC pairs exhibit parallel
evolution  with  early  divergence  instead  of  a  linear  sequence  of  GA  to  GC
progression[87].  Additionally, a small number of GC cases were clonally unrelated
from paired GA suggesting the synchronous evolution of multiple clones that may
progress  to  GC.  BO  is  a  premalignant  intestinal  metaplastic  lesion  that’s  often
associated with gastro-oesophageal  disease and predisposes patients  to  develop
OAC[88].  Although exact values differ between studies,  two population-based BO
follow-up  studies  showed  that  the  annual  risk  of  progression  of  BO  is  0.12%-
0.14%[89,90]. BO has a higher mutation load (6.76 SNVs/Mb) than gastric IM but still
lower than OAC (10.02 SNVs/Mb) and was shown to be polyclonal[91]. In one patient
with BO, high grade dysplasia was shown to arise from multiple clones suggesting
that the severity of intestinal metaplasia (a result of clonal expansion and cumulative
molecular aberrations) may also play a key role in synchronous progression to GC[91].

Overall a holistic molecular approach is needed to elucidate the crucial events of
how premalignant lesions actually cross the bridge to malignancy, a so-called "Pre-
Cancer Genome Atlas"[92]. Using whole genome MBD-seq and RRBS analyses Kim et al
showed that hypermethylation of gastrointestinal hormone receptors may play a key
role in early gastric  carcinogenesis[93].  Both gastrin and gastric  acid secretion are
thought to play important roles in cell differentiation and may play a part in creating
a permissive environment or even directly involved in the process of carcinogenesis.
A good summary review on the potential cellular and molecular pathways of gastric
carcinogenesis was written by Rivas-Ortiz which added useful insight to this area[94]. It
is very likely that GC is the result of multiple events co-occurring over time and space
leading to various subtypes of GC (see TCGA molecular subtypes). If this is true, then
it  is  also  likely  that  differing  sets  of  pre-cancerous  events  contribute  to  gastric
carcinogenesis.  Although some events  may overlap  across  all  GC subtypes  e.g.,
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chronic  gastritis,  others  may  be  specific  for  a  particular  GC  subtype  e.g.,  the
breakdown  of  cellular  mechanisms  that  keep  diploidy  intact  leading  to  the
chromosomal instability subtype.

HIGH RISK GENOMIC AND EPIGENOMIC ALTERATIONS IN
IM
The  median  time  for  gastric  intestinal  metaplasia  to  progress  to  GC  has  been
estimated to be 6.1 years, in contrast to low grade dysplasia which is only 2.6 years[95].
A recent study of genomic and epigenomic profiling of IM showed that IM has a low
mutational burden compared to non-hypermutated GC (2.6 vs 6.9 mutations/Mb) and
harbour recurrent mutations in certain tumour suppressor genes like FBXW7 (6/108
IM cases) but less in others,  specifically TP53 and ARID1A (2/108 and 3/108 IM
cases)[96]. However the presence of low frequency TP53 mutations in IM patients is in
contrast  to  previous  work  within  our  group  that  showed  an  absence  of  TP53
mutations in IM samples paired with GC samples from the same patients[97]. A second
finding  of  our  study  was  that  overexpression  of  p53  protein  using
immunohistochemistry has limited correlation to TP53 mutations. In the Huang et al[96]

2018 study, patients that progressed to dysplasia and GC had previously chromosome
8q amplifications  and shortened telomeres.  Interestingly,  patients  with  IM that
regressed had normal epigenomic patterns. DNA methylation profiling showed that
the  majority  of  IM  patients  in  the  high  methylation  group  had  relatively  high
mutational  load,  frequent  chromosomal  copy  number  variations  and  FBXW7
mutations and occurred mainly in the antrum.

LOW AND HIGH-GRADE DYSPLASIA DIFFER IN
MUTATIONAL PATTERNS
The Padova classification was developed in 2000 to standardise histopathological
reporting, which identifies five main categories for dysplastic lesions: (1) Negative for
dysplasia; (2) Indefinite for dysplasia; (3) Non-invasive neoplasia; (4) Suspicious for
invasive carcinoma; and (5) Invasive adenocarcinoma[98]. In practice, pathologists use
categories 1 and 2 and subdivide category 3 as low (LGD) and high grade (HGD), the
latter being associated with a higher risk of progression. A recent study using targeted
deep DNA sequencing of 67 GC-related genes detected APC mutations in all LGD
and also in some HGD cases[99]. However, APC and TP53 appeared to be mutually
exclusive, the latter being present only in HGD and diminutive intramucosal GC
(diameter  < 10 mm).  Analysis  of  tumor variant  allele  frequency suggested TP53
mutation is the initial event in TP53-mutated intramucosal GC. Importantly, this
study  suggested  that  linear  evolution  of  LGD  to  HGD  is  rare  and  that  early
mutational events determine the evolution of dysplastic lesions. Early APC mutations
lead to LGD whereas TP53 mutations lead to HGD which, following other genomic
aberrations, subsequently evolve into early GC.

THE CORREA CASCADE AND DIFFUSE GC
Although there is considerable evidence of IM progressing to dysplasia and then to
IGC, it is still debated whether any of the premalignant lesions that are part of the
Correa cascade actually play a role in diffuse gastric carcinogenesis. In a prospective
Japanese study, a proportion of patients that developed DGC had pangastritis (9/13),
moderate  to  severe  atrophy (9/13 and 1/13 respectively)  and IM (8/13)  at  base
line[100], suggesting a significant association between IM and DGC development[100]. A
more recent study in South Korea showed that OLGA and OLGIM may have clinical
utility  in  patients  at  risk of  developing DGC[101].  Multivariate  logistic  regression
analysis showed family history of GC, H. pylori infection, and OLGA/OLGIM stages
III/IV were independent risk factors for both IGC and DGC[101]. Thus, atrophy and
particularly IM likely play a dual role in gastric carcinogenesis dependent on context.
If the right conditions are met, cellular and molecular changes within the stem cell
compartment of these lesions lead to GC; if not, their presence creates a permissive
environment for progression to GC to occur, possibly through hypochlorhydria and
dysbiosis, and is also an indicator of increased patient progression risk. DGC may be
the result of an "alternative" route to carcinogenesis, where a CDH1 mutation within
the glandular stem cell compartment of a gastric gland or atrophic gland or even a
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metaplastic gland/crypt produces a parent tumour cell.

Neuroendocrine cell dedifferentiation: An alternative route to GC?
An alternative paradigm to the stem cell theory as the tumour cell of origin has been
gaining ground in recent years. In certain circumstances mature neuroendocrine cells
may dedifferentiate, accumulate mutations and other genomic events and become
tumour cells themselves[102]. Neuroendocrine tumours are the most likely results of
such an event but also gastric adenocarcinomas. The enterochromafin like cell (ECL)
is the main neuroendocrine cell  in the oxyntic stomach, it  produces and releases
histamine  and has  gastrin  receptors.  Although the  exact  molecular  and cellular
mechanisms of this pathway to GC are not known, it is thought that loss of parietal
cells and atrophy precedes cellular dedifferentiation of ECL cells. Thus, this pathway
to GC may not fully follow the Correa cascade, going directly from an atrophic state
to a hyperplastic, then dysplastic and then to either a neuroendocrine tumour or a
gastric adenocarcinoma.

CONCLUSION
Our understanding of  the molecular  basis  of  GC and its  premalignant lesions is
accumulating rapidly, providing useful insights into the natural history of the disease
(Figure 3).  Knowledge remains lacking in many domains however, including the
relationship between premalignant lesions and TCGA subtypes of GC. It could be the
molecular changes characterising the TCGA GC subtypes represent disparate insults
predisposing to initiation of the Correa cascade. Alternatively, the subtypes could
represent accumulated “hits” following initiation with H. pylori infection. Insights into
this pathway would stratify those at risk as well as inform prognosis and surveillance
guidelines.

The observation that IM appears a relative point of no return along the Correa
cascade, with only a small fraction of patients progressing to dysplasia and GC raises
questions of the molecular determinants of progression. In the first study of its type,
Huang et  al  laid the foundation for understanding this  process,  following an IM
cohort for a minimum of 5 years and describing the molecular changes associated
with progression in a large Chinese cohort. Validation of these findings in alternative
cohorts is required for its use clinically.

In high-risk populations screening and surveillance has been successful in the early
detection of GCs and improvements in 5-year survivals. However further work is
required in low-risk populations to make strong evidence-based decisions regarding
clinical screening or surveillance. In those known to have IM the risk factors discussed
above  should  prompt  the  clinician  to  carefully  consider  surveillance  including
incomplete IM, dysplasia, extensive IM involving the corpus, male gender and those
from high-risk ethnicities. The addition of molecular data such as TP53 mutation data,
methylation  patterns  and  chromosome  8  status  would  further  improve  risk-
assessment algorithms, however larger population-based data is required for this to
be accurate and practical.
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Figure 3

Figure 3  Summary of the cellular and molecular events associated with progression to cancer.H. pylori: Helicobacter pylori; EBV: Epstein Barr virus positive;
MSI: Microsatellite unstable; CagA: Cytotoxin-associated gene A protein; IM: Intestinal metaplasia; GS: Genomically stable.
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