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CURRENT OPINION

Importance of atrophic gastritis in diagnostics and prevention of gastric
cancer: Application of plasma biomarkers
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Introduction

The treatment of Helicobacter pylori infection is a key
issue in the prevention of gastric cancer. Treatment
of all infected subjects is the ultimate strategic goal
even though it has not been reached anywhere so far,
and, for many reasons, may be a target that will also
be difficult to attain in the future. In clinical practice,
gastric cancers appear in patients who have under-
gone H. pylori treatment, which suggests that this
treatment as a strategy of cancer management may
not be enough, and that it is not comprehensive —
simple eradication of H. pylori may not prevent all
gastric cancers. It is conceivable that the failures in
cancer prevention occur particularly in patients with
atrophic gastritis in whom a cancer or precancer
lesions already exist and are quite frequent, and in
whom the treatment of H. pylor: may be a procedure
that has come too late. This pool of patients may be
significant, particularly among the elderly in popula-
tions where the H. pylori gastritis is common.
Despite the fact that atrophic gastritis is the most
important, independent risk factor (risk condition)
for gastric carcinoma identified so far [1,2], it has
received little attention in clinical practice. Cancer
risk rises exponentially with grade and extent of
atrophic gastritis, and is found approximately 45 to
90-fold in patients with severe atrophic gastritis
compared with the cancer risk in subjects with a
healthy stomach (no gastritis nor atrophy, nor
metaplasia) [2]. In addition, with few exceptions,
atrophic gastritis develops only in subjects with
H. pylori infection, suggesting that the cancer issue
in atrophic gastritis is an intimate part of the cancer

issue in H. pylor: gastritis in general, and vice versa.
On average, half of the people infected with H. pylor:
will develop atrophic gastritis of some degree or type
during their lifetime [3-6].

At the time of endoscopy of subjects with moder-
ate or severe atrophic gastritis, a careful biopsy
sampling, and biopsy microscopy of all, even mini-
mal, mucosal alterations will reveal gastric cancer or
its precursor lesions (adenoma, dysplasia/intramu-
cosal neoplasia) in up to 5% of patients [7,8]. In
addition, invasive gastric carcinoma, if diagnosed at
“asymptomatic” stage (no alarming or specific
symptoms) in patients with atrophic gastritis, is
“early” and curable in 70-80% of cases [7]. These
data suggest that the focusing of diagnostic and
therapeutic efforts to “asymptomatic” patients “at
risk” would improve the results in the management
of gastric carcinoma.

Atrophic gastritis is a fairly common lesion, and
even though the prevalence of H. pylori gastritis has
markedly decreased over the past few decades in
developed populations, H. pylori gastritis still occurs
in 30-70% of people in the elderly age groups in
which gastric cancer remains a clinical problem [9].
The fear of malignancy strongly guides clinical
practices and decision-making, whereby an immedi-
ate gastroscopy is recommended in elderly people
(more than 45-55 years of age) with dyspeptic
symptoms by most of the international and local
consensus statements. In Finland, atrophic gastritis
of moderate or severe degree is found in up to 10%
of asymptomatic subjects or dyspeptic outpatients
over 50 years of age [7].
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Despite the central role of atrophic gastritis as a
major risk factor for gastric carcinoma, its diagnosis,
and its grading and proper assessment are done
poorly or not at all in clinical practice. For example,
no tests for atrophic gastritis are performed, and
gastroscopy without adequate biopsy samples from
the antrum and corpus is a common practice in
many countries, including many centres in the US.
This implies that atrophic gastritis, and even on-
going H. pylori infection in these patients, must often
be missed.

Atrophic gastritis markedly changes gastric
physiology and acid output

Atrophy is defined as a loss of normal mucosal
glands. This loss means failures in secretory func-
tions and physiology of the gastric mucosa. Atrophy
in the corpus results in low output of acid, whereas
atrophy in the antrum results in impairments in the
output of gastrin-17. In atrophic gastritis, the feed-
back loop controlling acid and pepsin secretions via
the gastrin link is broken, resulting in varying
degrees of hypochlorhydria, or even achlorhydria,
and in hypo- or hypergastrinaemia, depending upon
whether the antrum is atrophic or not. The histolo-
gical grade of atrophic corpus gastritis has a strong
negative correlation with acid output, and also with
serum/plasma levels of pepsinogen I (or ratio of
pepsinogen I to pepsinogen II) (Figure 1). Advanced
atrophic corpus gastritis and loss of the feedback
inhibition of antral G cells by low intragastric acidity
results in hypergastrinaemia, and the gastrin-17
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levels in serum may even be some hundreds of
pmols per litre in some subjects if the antrum is
normal (atrophic gastritis is restricted to the corpus).

Atrophy is followed by and/or accompanied by the
appearance of metaplastic glands in atrophying
mucosa (i.e. pseudopyloric metaplasia with or with-
out intestinal metaplasia (IM)). Metaplastic glands
do not secrete acid or gastrin-17 but express proper-
ties of intestinal and colonic mucosa to varying
extent. With progression of atrophy, the metaplastic
glands and epithelium may appear more and more
immature, which is shown as a shift from IM of
complete (“small-bowel type”) type to IM of im-
mature and incomplete types (“colon type”). This
shift is considered to reflect an increasing risk of
cancer in atrophic gastritis [10]. The hypochlorhyd-
ric or achlorhydric stomach allows colonization of
bacteria other than H. pylori, some of which may
produce mutagenic and carcinogenic substances
[1,11].

In addition to a decrease in acid output, atrophic
corpus gastritis results in impairment of intrinsic
factor secretion (Figure 2) that is needed for proper
absorption of dietary vitamin B;, in the small
intestine [12]. Intrinsic factor is secreted from
oxyntic (corpus/fundic) cells and this secretion is
reduced in atrophic gastritis, as is acid secretion.
Subsequently, all subjects with moderate or severe
corpus atrophy are at risk for B;, malabsorption, and
half of these subjects have decreased (B;, vitamin
170-220 pmol/l in serum) or severely low (lower
than 170 pmol/l) levels of vitamin B, in serum at
the time of diagnosis of atrophic gastritis, i.e. levels
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Figure 1. Peak acid output and serum pepsinogen I in different grades of atrophic corpus gastritis in patients with overt pernicious anaemia
and in their 1st-degree relatives. Data from the study of Varis & Isokoski (Ann Clin Res 1981;13:133—8); data presented with the permission
of the authors. Abbreviations: N =normal and healthy corpus mucosa; S =non-atrophic (“superficial”) gastritis; Al =mild atrophic
gastritis; A2 =moderate atrophic gastritis; A3 =severe atrophic gastritis in corpus.
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Figure 2. Intrinsic factor output in units per kilogram fat-free
body-weight per hour (U/kg/FFB/h) in relation to grade of
atrophic corpus gastritis in patients with overt pernicious anaemia
and in their Ist-degree relatives. From the study by Varis &
Isokoski (Ann Clin Res 1981;13:123—-29); data presented with the
permission of the authors. For abbreviations see Figure 1.

that are frequently associated with hyperhomocys-
teinaemia (serum homocysteine >15 pmol/l) [12].
Vitamin B, is a necessary co-factor of methionine
synthase, which plays a key role in the methylation of
homocysteine to methionine in every cell, but in
nerve and brain cells in particular [13].

Atrophic gastritis may heal after treatment of
H. pylori

A common misunderstanding is that atrophic gas-
tritis, particularly atrophic gastritis in the corpus and
fundus, is autoimmune in origin and not related to
H. pylori. Studies in Finland and Italy show the
opposite to be the case and suggest that H. pylor: is
the major coexisting or causal factor, and that an on-
going H. pylori infection can be demonstrated by
serological tests in at least 70—80% of cases with
advanced atrophic gastritis in the corpus/fundus
[14-16]. The presence of an on-going H. pylor:
infection means that there is also an on-going risk of
the progression of atrophic gastritis to more severe
stages [17—-21]. After treatment of H. pylori infec-
tion, however, the antibodies and chronic inflamma-
tion will disappear over a few months, and, along
with these events, gastric function also tends to
improve over some years [22]. According to some
endoscopic and biopsy follow-up studies, there is

also improvement in atrophic gastritis and intestinal
metaplasia, which improve slowly but surely after the
H. pylori eradication, possibly as a function of the
square of the H. pylori negative time [22-28].
Although the available diagnostic techniques are
not able to make a distinction between an improved
function of the remaining parietal and chief cells and
the actual histological recovery and re-growth of the
lost cellular elements, the elimination of inflamma-
tion seems to allow a return of the function of gastric
mucosa even at a very late stage of atrophic gastritis,
resulting at least in partial restoration of the normal
intragastric environment.

Atrophic gastritis, not age, is the risk factor for
gastric cancer

Cancer risk is low in subjects with healthy stomachs,
also in older age groups.

In multifactorial analyses, which include atrophic
gastritis as a parameter in a model, age is not an
independent risk factor for gastric carcinoma even
though cancer incidence increases exponentially
with age [2]. The common denominator for gastric
carcinoma, and for the “ageing stomach”, is atrophic
gastritis; i.e. the prevalence of atrophic gastritis
increases with age. This explains one-third of the
gastric carcinoma risk in general [2]. As a risk factor
for gastric carcinoma, atrophic gastritis of the
antrum and corpus is independent and, in multifocal
atrophic gastritis (atrophic gastritis occurs in both
antrum and corpus), the joint risk is the multiplicand
of the marginal risks [2]. Cancer risk increases
exponentially with grade and extent of atrophic
gastritis, and is highest when severe atrophic gastritis
occurs in the whole stomach (severe panatrophy;
severe multifocal atrophic gastritis) (Figure 3). Some
estimates indicate that the cumulative risk, i.e. the
probability of contracting gastric carcinoma within
the next 10 years in the age groups from 50-54 to
70—74 years varies from 2% to 9% and from 8% to
32% in severe antral atrophic gastritis and from 0%
to 5% and from 4% to 17% in severe corpus atrophic
gastritis in males and females, respectively [2].

Among gastric carcinoma patients, normal and
healthy gastric mucosa is quite rare. The proportion
of gastric carcinoma patients with healthy gastric
mucosa does not increase with age as might be
expected if the age itself were an independent risk
factor for cancer. In contrast, the proportion of
patients with healthy stomachs is even slightly higher
in younger cancer patients compared with those in
the older age groups (Table I). In developed
countries where the incidence of gastric carcinoma
is low, 10—20% of the gastric carcinoma patients
have a normal and healthy gastric mucosa by



Corpus mucosa

Normal Nonatrophic Atrophic gastritis
gastritis mild moderate severe

@ Normal 1 9 1 2 5
8 Nonatrophic 1 2 2 2 5
E gastritis

mopic "2 [ 2 | 2 | 3 | 8
g E’mlth:ltl
.E -moderate 2 2 4 5
< -severe 18 18 . 36

Figure 3. Risk (odds) of gastric cancer in different phenotypes of
atrophic gastritis as compared with cancer risk in subjects with
normal and healthy stomach mucosa (Normal/Normal). Data are
modified from the study by Sipponen et al. [2]. Risk stages (0-IV)
of gastric cancer according to Rugge & Genta (Gastroenterology
2005;129:1807-8) are indicated in the squares with different
shading.

histology. In practice, this implies that, in order to
find one cancer case even in the older age groups
among subjects with normal and healthy stomachs in
Western populations, several thousand gastroscopies
would be needed. In addition, gastric cancer among
patients with “healthy” stomachs may be familial,
and related to inherited critical gene errors that are
not a result of carcinogenic cascades of H. pylor:
infection or atrophic gastritis. Furthermore, most of
the cancers in normal gastric mucosa are of diffuse,
signet ring cell type and appear often at a young age
(under 50 years of age).

Because the cancer risk is related strongly to the
presence, grade and extent of atrophic gastritis, a
decision to perform gastric cancer screening by
gastroscopy based on age only may be neither wise
nor productive. Instead, in all age groups, these
decisions could be based on more accurate risk
assessments; i.e. on the assessment of the presence
or absence of atrophic gastritis. In addition to
gastroscopy and biopsy histology, the risk assess-
ments can be made easily and non-invasively using
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serum/plasma biomarkers for gastritis and atrophic
gastritis. The application of biomarkers as a diag-
nostic tool may give new opportunities for rationales
in diagnosis of atrophic gastritis, and in assessments
of gastric cancer risk.

Recommendations for use of biomarkers in
assessing atrophic gastritis and gastric cancer
risk

First, we will provide our recommendations for the
use of biomarkers in the diagnosis of atrophic
gastritis and in the assessments of gastric cancer
risks, and we will then present the rationale for these
recommendations.

There is no doubt that a consultation by a
specialist and urgent diagnostic testing such as
endoscopy (gastroscopy, colonoscopy, laparoscopy,
etc.) and other relevant clinical investigations (ultra-
sound, laboratory tests, etc.) are indicated for
patients with severe abdominal complaints such
as bleedings (low Hb), severe weight loss, etc.
Biomarkers may be useful among patients with
milder symptoms, or in screening of “asympto-
matic” people.

Because H. pylori infection is a necessary causative
factor in the majority of cases of gastric cancer,
eradication of the infection will very likely reduce the
incidence of gastric cancer. All patients with on-
going H. pylori infection should therefore undergo
therapy to eradicate the infection. In addition to
these efforts in cancer prevention, we recommend
that due consideration should be given to the
subjects with advanced precancerous conditions in
which the possibility of a coexisting cancer or
precancer lesion is high, and in whom the H. pylor:
eradication may be too late regarding cancer pre-
vention, and, furthermore, in whom an endoscopy
should be considered, or in whom it would be wise
to assess whether any surveillance is indicated [29].
This is accomplished readily and non-invasively by
testing for the presence and severity of atrophic
gastritis by means of serum/plasma biomarkers.

Table I. Gastric cancer in different age groups. Association of cancer with normal and healthy underlying gastric mucosa, and with non-
atrophic and atrophic gastritis. The sample of gastric cancer patients (714 patients) was collected in Southern Finland in the 1980s. The
histology-based knowledge of the status of antral and corpus mucosa was available from 206 patients, on whom the present analysis is based.

Age group No. of cancer Healthy, normal gastric mucosa;  Non-atrophic gastritis; Atrophic gastritis of any grade or type;
years patients no. (%) no. (%) no. (%)

<50 34 5 (15) 28 (82) 13

50-59 33 3(9) 15 (45) 15 (45)

60—69 57 6 (11) 19 (33) 32 (56)

70-79 60 1(2) 10 (17) 49 (82)

80— 22 15 2 (9) 19 (86)

Total 206 16 (8) 74 (36) 116 (56)
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In adopting serum/plasma biomarkers for the
assessment of atrophic gastritis and cancer risks,
our recommendations are, irrespective of the age of
the patient, and including also the patients/subjects
in the older age groups: (A) no H. pylori infection
with a healthy stomach mucosa (all biomarkers are
normal). Gastroscopy does not provide significant
additional information as there is essentially no risk
of gastric cancer in these cases. (B) non-atrophic
gastritis with H. pylori infection (only the H. pylori
test is abnormal). Again, gastroscopy would rarely
be of significant diagnostic value and all non-malig-
nant H. pylori-related disease would be easily cured
along with eradication of the H. pylori infec-
tion; (C) atrophic gastritis with or without active H.
pylori infection (tests for atrophy are abnormal
irrespective of whether the H. pylori test is normal
or abnormal). For these patients, one should con-
sider consultation with a gastroenterologist as gastro-
scopy is advisable irrespective of whether the atrophic
gastritis is H. pylori positive or not. Eradication of H.
pylori is recommended for those with H. pylori
infection.

In Western countries more than 50% of patients
with uninvestigated dyspepsia in primary care prac-
tice fall into category A. At most, 10—20% fall into
category C. The rationale for treatment of H. pylori
in category B is to prevent gastritis from developing
into atrophic gastritis, and also to heal and prevent
the development of peptic ulcerations that are
frequent, sometimes life-threatening, complications
of the H. pylor: gastritis. The goal in category C is to
seek to identify those patients with an increased risk
of gastric carcinoma, and to be able to treat the
coexisting neoplasias at a curable stage.

Serology in the diagnosis of H. pylor: gastritis
in the elderly

In general practice, breath tests and antigen stool
tests are commonly used in the diagnosis of H. pylori
infection. These direct tests resolve the question of
whether the patient has an H. pylor: infection. They
are, however, unable to answer the question of
whether the patient has atrophic gastritis, and
whether the patient is therefore at particular risk
of gastric neoplasias. Nor can these direct tests, also
including biopsy wurease tests, provide reliable
evidence to show whether the gastric mucosa is
normal and healthy. A negative breath test does not
rule out the possibility that the stomach is severely
diseased, and that the patient might not have,
for example, severe atrophic gastritis. The direct
tests often give false negative results regarding the
H. pylori status, particularly in patients with atrophic
gastritis and intestinal metaplasia, obviously because

of the reduction in H. pylori load in the gastric
mucosa [30—33]. This low colonization of bacteria is
also the cause of common false negative results of
breath tests, or of antigen stool tests, in subjects
under treatment with proton-pump inhibitors (PPIs)
[34-37]. H. pylor: serology is independent of these
confounding influences, and the serological tests
may be the most reliable H. pylor: tests in the elderly
age groups in which atrophic gastritis and hypo-
chlorhydric stomach are common. In fact, if one
relies only on the direct H. pylori tests among old
people, the risk of false negative test results tends to
be highest exactly among the subjects with the
highest risk of cancer [38].

Treatment of H. pylor: infection prevents the
progression of gastritis

Active inflammation of gastric mucosa disappears
within some days, and chronic inflammation within
some months, after successful treatment of H. pylor:
[39,40]. A recent consensus statement suggests that
the H. pylori eradication in pre-atrophic gastritis will
decrease the gastric cancer risk, as the treatment is
associated with improvement or normalization of the
structure and function of the gastric mucosa, and
with prevention of the progression of gastritis into
atrophic gastritis [41]. This conclusion is based on
studies from molecular biology, animal experiments,
and on available clinical trials [41,42].

Treatment of H. pylori is assumed to stop the
“carcinogenic cascades”, as it reduces inflammation
and leads to restoration of acid secretion [29].
However, it is not clear whether the eradication
would do more than delay the progression of overt
precancer lesions (adenoma, dysplasia, intramucosal
neoplasia) to advanced forms of malignancy. In fact,
some recent trials have suggested that cancers appear
post-treatment in patients with atrophic gastritis in
particular. A recent prospective and controlled study
from China by Wong et al. [43] on 988 people
showed that a significant number of cancers ap-
peared after treatment of H. pylori in those with
precancerous conditions or lesions, such as atrophic
gastritis, IM or dysplasia but not in those with non-
atrophic gastritis alone. This emphasizes the fact that
the approaches used to improve gastric cancer
management, in addition to active treatment of
H. pylori, should also include the identification and
treatment of patients with coexisting cancerous or
precancerous lesions and conditions.

In populations with a high incidence of gastric
carcinoma, the prevalence of atrophic gastritis is
also high, and overt intramucosal neoplasias (pre-
cancerous lesions such as adenoma, dysplasia
or intramucosal neoplasia) are prevalent as well.



Therefore, the strategies for management of H.
pylori-infected patients in high risk countries should,
in our opinion, include three elements: 1) primary
prevention of gastric carcinoma by early treatment
of H. pylori infection in all subjects with non-
atrophic gastritis (preferably before the development
of atrophic gastritis); 2) identification (biomarker
screening) and post hoc endoscopic and biopsy
examination of patients (subjects) with atrophic
gastritis; and 3) treatment of H. pylori infection
in all patients with atrophic gastritis in order to
trigger the healing and improvement of the gastric
mucosa.

Early diagnosis and treatment is an efficient
strategy to achieve better results in the
management of gastric cancers

In Finland, about 22,000 “asymptomatic” men,
between the ages of 50 and 65 years and who were
also smokers were actively screened for pepsinogen I
(PGI) levels and the results showed that 9% (ap-
proximately 2000 men) of the men had advanced
(moderate or severe) atrophic corpus gastritis [7], of
whom approximately 70% had concomitant and on-
going H. pylor: infection, detected by serology.
Endoscopy with multiple biopsies from all abnormal
endoscopically visible mucosal lesions was carried
out in 1344 of these men, these procedures revealing
63 cases of cancer or neoplastic lesions (definite
dysplasias of high or low grade). Of these cases, 18
were overt cancers (4 invasive advanced cancers; 7
invasive “early” cancers; 7 dysplasias/mucosal neo-
plasias of high grade). All these cancer cases were
operated on surgically or endoscopically. During a 5-
year follow-up, 4 of the 18 patients died of gastric
carcinoma, all of whom had advanced cancer. None
of the 14 patients with “early” cancer died of
malignancy during the 5-year follow-up period.
The 18 cancer cases found by active screening
amounted to 15% of all gastric cancers that appeared
in the study cohort within 5 years after the pepsino-
gen screening.

Corresponding population-based screening pro-
jects in Japan with pepsinogens as biomarkers have
provided similar or even higher yields of early,
curable cancers than in the screening described
above from Finland [59]. This indicates that the
active screening of atrophic gastritis with serum/
plasma pepsinogens in the older age groups (45-50
years or more) followed by “post hoc” careful
diagnostic endoscopy and biopsy microscopy is a
tool towards increasing the successes of gastric
cancer management.
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Biomarkers are a useful non-invasive tool to
diagnose atrophic gastritis, even in primary
care

The assays of serum/plasma pepsinogen I and II, or
pepsinogen I/pepsinogen II ratio, in addition to
gastrin-17, are easy tools for assessment of the
presence or absence of atrophic gastritis, even in
clinical settings where an endoscopy is not available.
If the maximal information is the goal of the testing,
the minimum set of biomarker assays would be the
completion of the H. pylori test with the assays
of serum/plasma levels of pepsinogen I and II,
(i.e. testing of pepsinogen I/Il ratio), and gastrin-
17 [44-48]. A scheme on the behaviour of these
biomarkers in different types and grades of atrophic
gastritis is presented in Figures 3 and 4. The
biomarkers provide a diagnosis of atrophic gastritis
with 83% and 95% sensitivity and specificity,
respectively, compared to endoscopy and gastric
biopsy microscopy [45].

There is a long list of studies that confirm the
usefulness and application of the pepsinogen I or
pepsinogen I/II ratio in the diagnosis of atrophic
corpus gastritis [48—-63]. Inclusion of a serum/
plasma assay of fasting gastrin-17 widens the diag-
nostic possibilities [41,42]. Gastrin-17 in serum/
plasma is dependent on intragastric acidity but also
on the number of G cells in the antral mucosa.
Fasting gastrin-17 is low in subjects with hyperacid
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Figure 4. Scheme on the behaviour of biomarkers (pepsinogen I,
gastrin-17 and H. pylori antibodies) in serum or plasma in
different phenotypes of atrophic gastritis in relation to their
normal levels in subjects with normal and healthy gastric mucosa
(R). Measurement of the ratio of pepsinogen I to pepsinogen II
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Figure 5. Serum levels of gastrin-17 (both fasting and postprandial) in relation to grade of atrophic gastritis in the antral mucosa.
Abbreviations: N =normal and healthy antral mucosa; S =non-atrophic (“superficial”) gastritis; A1 =mild atrophic gastritis; A2 =moderate
atrophic gastritis; A3 =severe atrophic gastritis in antrum. Data modified and recalculated from the study by Sipponen et al. [56].

stomachs (often lower than 1-2 pmol/l) [64] but the
serum levels also decrease along with an increasing
grade of atrophic antral gastritis; i.e. along with the
loss of antral glands (loss of G cells) (Figure 5).
Thus, the gastrin-17 assay provides the possibility to
diagnose atrophic gastritis that is restricted to the
antrum, and, furthermore, to identify those patients
with severe panatrophy (severe multifocal atrophic
gastritis) in which both plasma pepsinogen I (or
pepsinogen I/II ratio) and gastrin-17 are low. In
contrast, the pepsinogen I, or pepsinogen I/II ratio,
is low but gastrin-17 is high in those with atrophic
gastritis limited to the corpus alone (Figure 4).

Biomarkers continue to be an area of active
investigation and recent observations suggest that,
in addition to pepsinogens and gastrins, changes in
other peptide hormones secreted from gastric mu-
cosa are potentially useful and that they could be
applied as biomarkers for atrophic gastritis. For
example, in a recent study by Suzuki et al. [65] it
is suggested that plasma ghrelin might be one such
biomarker. The plasma levels of this peptide corre-
lated well with the serum levels of pepsinogen I as
well as the pepsinogen I/II ratio in patients with
atrophic gastritis
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