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Abstract

Effectively managing precancerous lesions is crucial to reducing the gastric cancer (GC) burden.
We evaluated associations of temporal changes in multiple serological markers (pepsinogen |
[PGI], PGII, PGI/II ratio, gastrin-17 and anti-Helicobacter pylori IgG) with risk for progression of
gastric precancerous lesions. From 1997 to 2011, repeated esophagogastroduodenoscopies with
gastric mucosal biopsies and blood sample collections were conducted on 2,039 participants
(5,070 person-visits) in the Zhuanghe Gastric Diseases Screening Program, Liaoning, China.
Serum biomarkers were measured using ELISA, and gastric biopsies were evaluated using
standardized histologic criteria. Odds ratios (OR) and 95% confidence intervals (CI) were
estimated using generalized estimating equations for correlated binary outcomes. The ORs for
progression of gastric conditions comparing those whose serum PGI, PGII, and anti-H. pylori 1IgG
levels increased =50% relative to those whose decreased =50% were, respectively 1.67 (Cl,
1.22-2.28), 1.80 (Cl, 1.40-2.33) and 1.93 (Cl, 1.48-2.52). The OR for those whose PGI/II ratio
decreased =50% relative to those whose increased 50% was 1.40 (Cl, 1.08-1.81), and for those
whose PGII and anti-H. pylori 1gG levels both increased =50% relative to those whose levels both
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decreased 50% the OR was 3.18 (Cl, 2.05-4.93). Changes in gastrin-17 were not statistically
significantly associated with progression. These findings suggest that temporal changes in serum
PGI, PGII, PGI/II ratio, and anti-H. pylori 1gG levels (especially PGII and anti-H. pylori 1gG
combined) may be useful for assessing and managing risk for progression of gastric precancerous
lesions.

Keywords

serological biomarkers; Helicobacter pylori; pepsinogens; gastric precancerous lesions;
progression

Gastric cancer (GC) is the fifth most common incident cancer and third leading cause of
cancer deaths worldwide, with 952,000 incident cases and 723,000 deaths in 2012.1 GC,
especially the intestinal type, is the end result of progression of precancerous lesions
including non-atrophic gastritis, atrophic gastritis, intestinal metaplasia and dysplasia.2™
This multistep nature of gastric carcinogenesis provides unique opportunities for GC
prevention and early detection, which is crucial to reducing the GC burden. It follows that
effective management of precancerous lesions could lead to reduced GC incidence and
mortality and could play an even more important role in reducing the GC burden than
screening for GC itself, the value of which has already been well recognized.

Currently, there is no consensus on how to manage patients with gastric precancerous
lesions. It has been stated that active surveillance is required for patients with precancerous
lesions;? however, GC develops in “only” 0.8% and 1.8% of patients with baseline atrophic
gastritis or intestinal metaplasia within 10 years of follow-up, respectively; therefore, most
persons with these lesions may not need multiple, expensive, invasive screening gastric
endoscopies—which are not risk free—to prevent the disease. Of course, the problem is that
we currently do not know which individuals fall into these categories, and markers are
needed to stratify these patients according to their risk.

Serological markers are less invasive, more accessible, less expensive and less time-
consuming than are markers in tissues, such as those obtained at endoscopy. Currently
available serological markers include pepsinogens | and Il (PGI and PGII), gastrin-17 and
anti-Helicobacter pylori (H. pylori) antibody.’-8 Cross-sectional studies suggested that levels
of these markers were correlated with gastric conditions; %19 therefore, monitoring temporal
changes in the markers may help identify high GC risk individuals whose precancerous
lesions are more likely to progress. However, to date, no longitudinal study has evaluated
whether temporal changes in PGs, gastrin-17 and anti-H. pylori antibody levels are
associated with progression of gastric precancerous lesions.

To assess the potential for monitoring changes in serum PGs, gastrin-17 and anti-H. pylori
antibody levels for assessing and managing risk for gastric precancerous lesion progression,
we analyzed longitudinal data from a large gastric diseases screening program in a high-risk
population in China.
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Material and Methods

Study population

This study was approved by the Human Ethics Review Committee of the First Affiliated
Hospital of China Medical University (Shenyang, China). Written informed consent was
obtained from each participant in accordance with the Declaration of Helsinki and its later
revision.

Our study population was from the Zhuanghe Gastric Diseases Screening Program, a
population-based, combined serologic/endoscopic screening program for gastric diseases,
particularly GC, that has been conducted in Zhuanghe County, a high GC risk area in
China,20 since 1997. The study population selection and recruitment process was reported
previously.13 Briefly, the screening program targets all residents who are 35-70 years old or
who have gastrointestinal symptoms (including abdominal bloating, heartburn, acid reflux,
nausea, hiccups, belching, decreased appetite and stomachache) or a positive family history
of GC in 50 selected villages, which represent Zhuanghe County geographically.
Participation is voluntary, and to date, 18,760 participants have been recruited, and baseline
endoscopic examinations with mucosal biopsies and blood sample collection were
conducted on 10,635 participants. For those enrolled from 1997 to 1999, follow-up
endoscopic examinations were recommended for all participants; for those enrolled after
1999, follow-up endoscopic examinations were only recommended for those with
precancerous lesions. So far, 2,336 participants have had at least one follow-up endoscopic
examination with mucosal biopsies and blood sample collection, resulting in a total of 6,043
person-visits. After excluding those without histopathological diagnoses (n = 194) or
biomarker measurements (n = 89) and those who were diagnosed with GC at baseline (n =
14), 2,039 participants (5,070 person-visits) were included in the final analysis.

Serological measurements

Endoscopic

A 5 mL fasting venous blood sample was collected at each person’s visit. All samples were
centrifuged immediately at 3,500g for 10 minutes, and a serum aliquot was immediately
frozen and stored until analysis. Serum PGI, PGlI, gastrin-17 and anti-H. pylori 1gG were
measured using enzyme-linked immunosorbent assays (Pepsinogen | ELISA, Pepsinogen Il
ELISA, Gastrin-17 ELISA, and H. pylori 1gG ELISA kits; BIOHIT Plc, Helsinki, Finland)
according to the manufacturer's protocols, blinded to the histopathological diagnosis.
Samples that yielded implausible values were re-tested. Duplicate negative and positive
controls were included in each 96-well plate. The mean intra-assay coefficients of variation
(CV) were 11% for PGI, 12% for PGII, 15% for gastrin-17 and 11% for anti-H. pylori IgG.

and histopathological examinations

Experienced endoscopists blinded to the patients’ serological test results performed the
gastrointestinal endoscopies. Mucosal biopsies were obtained from the gastric body,
angulus, antrum and, if applicable, lesion site. The biopsies were oriented, fixed in 95%
ethanol, embedded in paraffin blocks, and then sectioned and stained with hematoxylin and
eosin in local study centers. Each stained section was independently evaluated by two
gastrointestinal pathologists using standard criteria from the WHO classification for GC2
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and the visual analog scale of the updated Sydney System for gastritis.22 For histologic
sections on which there was initial disagreement on the histopathologic interpretation, the
final results were determined through adjudication among the two pathologists and a third
pathologist. Each participant was assigned a global diagnosis based on the most severe
lesion found among all the biopsy specimens. Accordingly, the 5,070 person-visits with a
histopathologic diagnosis were classified as: normal mucosa/ mild non-atrophic gastritis (n =
850), moderate non-atrophic gastritis (n = 1647), severe non-atrophic gastritis (n = 1504),
mild atrophic gastritis (n = 147), moderate atrophic gastritis (n = 502), severe atrophic
gastritis (n = 233), low grade dysplasia (n = 171), high grade dysplasia (n=6) and GC (n =
10).

Statistical analysis

All statistical analyses were performed using SAS 9.3 statistical software (SAS Institute
Inc., Cary, NC). A p value <0.05 (two-sided) was considered statistically significant.

Temporal changes in serum biomarker levels at follow-up visits were calculated as
proportional changes relative to the baseline levels (i.e., [follow-up — baseline]/baseline x
100%) to account for interpersonal variations in the baseline and changes in serum
biomarker levels. To determine the progression status at each follow-up visit, each
participant was assigned a global severity score at baseline (A) and follow-up/s (B)
according to a commonly used nine-category score system which defines the gastric
premalignant process:23-27 1 for normal mucosa/mild non-atrophic gastritis, 2 for moderate
non-atrophic gastritis, 3 for severe non-atrophic gastritis, 4 for mild atrophic gastritis, 5 for
moderate atrophic gastritis, 6 for severe atrophic gastritis, 7 for low grade dysplasia, 8 for
high grade dysplasia and 9 for GC. We subtracted score A from score B to determine the
progression status at each follow-up visit. If the difference between score B and A was
greater than 0, the progression status at this follow-up visit was defined as progression,
otherwise it was defined as no progression.

The odds ratios (OR) with 95 percent confidence intervals (95% CI) were calculated as
measures of association. Since some participants (n = 778) had more than one follow-up
visit, generalized estimating equations (GEE) were used to account for the correlated nature
of the binary outcome. The compound symmetry structure was chosen as the working
correlation structure. Since the goal of the present study was not about etiology but rather to
assess the potential prediction ability of temporal changes in serum biomarkers for risk of
progression of gastric precancerous lesions, in our primary analysis we did not include
covariates in the model; however, as a sensitivity analysis, we included age and sex in the
model to assess the potential prediction ability of temporal changes in serum biomarkers
beyond these two basic variables. Also, we conducted stratified analyses by selected
baseline characteristics (sex, age, baseline histopathologic conditions and baseline
serological test results) to assess the potential prediction ability of the serum biomarkers in
population subgroups.
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Results

Selected characteristics of the study population

Selected characteristics of the study participants according to sex are summarized in Table
1. About half (53.2%) of the participants were males, and the mean age was 49.8 (+STD
10.5) years. The majority of the participants was enrolled between 1997 and 1999, had
moderate/severe non-atrophic gastritis at enroliment, and had one follow-up visit. The
median follow-up time was 2.3 (range: 0.4-7.6) years among males and 2.2 (range: 0.4-7.6)
years among females.

Associations of temporal changes in serum biomarkers with histologic progression

Associations of temporal changes in serum PGI, PGII, the PGI/II ratio, gastrin-17 and anti-
H. pylori IgG levels with progression of gastric precancerous lesions are shown in Table 2.
Those whose PGI or PGII levels increased <50%, relative to those whose PGl or PGII levels
decreased <50%, had statistically significant 67% or 80% higher odds of progression of
gastric conditions, respectively. Those whose PGI/ 11 ratio decreased <50% relative to those
whose PGI/II ratio increased <50% had statistically significant 40% higher odds of
progression. Those whose gastrin-17 levels increased <500% relative to those whose
gastrin-17 levels decreased <100% had 33% (p = 0.08) higher odds of progression. Relative
to those whose anti-H. pylori 1gG titers decreased <50%, those whose anti-H. pylori 1gG
titers decreased 20-50%, remained within 20%, increased 20-50%, or increased <50% had
21%, 58%, 64% and 93% higher odds of progression (p for trend <0.01), respectively. After
controlling for age and sex, the results were essentially unchanged (Supporting Information
Table 1).

We conducted multiple sensitivity analyses. First, the global severity score at each visit was
assigned according to a four-category score system, which does not consider the severity of
non-atrophic gastritis or atrophic gastritis: 1 for normal mucosa/mild non-atrophic gastritis,
2 for mild and severe non-atrophic gastritis, 3 for atrophic gastritis and 4 for GC. The results
(Supporting Information Table 2) were similar to those above using the nine-category score
system. Second, instead of using serum biomarker level relative changes, we used their
absolute changes (Supporting Information Table 3) and rates of change (i.e., absolute
changes/time, Supporting Information Table 4) as predictors for progression, and the results
were similar to those reported above. Third, instead of comparing all follow-up visits with
the baseline visit, we compared each follow-up visit with the previous visit (Supporting
Information Table 5), the second visit with the baseline visit (Supporting Information Table
6), and the last visit with the baseline visit (Supporting Information Table 7), and the results
were also similar to those reported above.

Associations of temporal changes in serum biomarkers with histologic progression
according to selected baseline characteristics

We also investigated associations of temporal changes in the serum biomarkers with
histologic progression according to baseline histopathologic conditions (normal mucosa/
mild non-atrophic gastritis vs. mild/severe superficial gastritis). We do not present results
limited to patients with more advanced baseline lesions (i.e., atrophic gastritis and dysplasia)
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because of the insufficient power. As shown in Table 3, the directions of the associations
between the strata were similar but somewhat stronger among those with normal mucosa/
mild non-atrophic gastritis at baseline. When we stratified the results by sex or age (<55 vs.
=55 years old), we found the associations to be slightly stronger among females and younger
participants (data not shown), possibly because females and younger participants tended to
have less severe baseline gastric lesions.

In addition, because our previous cross-sectional study (manuscript under review) suggested
that serum levels of PGII =8.3 ng/mL plus anti-H. pylori 1gG 24.0 EIU may be useful for
identifying high GC risk individuals, we investigated associations of temporal changes in the
serum bio-markers with progression of gastric precancerous lesions stratified by baseline
serological test results (i.e., PGl =8.3 ng/mL or anti-H. pylori 1gG >24.0 EIU vs.

otherwise). shown in Table 4, As the associations among those with an abnormal baseline
serological test (i.e., PGII 8.3 ng/mL or anti-H. pylori 1gG >24.0 EIU) were similar weaker
to, but slightly than, the non-stratified associations; the associations among those with an
abnormal baseline sero-logical test were similar to those among those with a normal baseline
serological test except that the association of anti-H. pylori 1gG titers with histologic
progression was somewhat stronger than among those with normal baseline serological tests.

Associations of temporal changes in serum PGIl and anti-H. pylori IgG combined with
histologic progression

Since temporal changes in serum PGII and anti-H. pylori IgG levels individually were the
most strongly associated with progression of gastric precancerous lesions, we investigated
the association of temporal changes of the two in combination with progression. As shown
in Table 5, relative to those whose PGII levels and anti-H. pylori IgG titer both decreased
>50%, those whose PGII levels remained within 50% and anti-H. pylori 1gG titer increased
>50%, those whose PGII levels increased =50% and anti-H. pylori IgG titer remained within
50%, and those whose PGII levels and anti-H. pylori IgG titer both increased =50% had
statistically significant 108%, 87% and 218% higher odds of progression, respectively.

Serum PGI, PGl/Il ratio and gastrin-17 levels across different site-specific gastric

conditions

Because PGI and gastrin-17 production is site-specific (i.e., PGI in the body and gastrin-17
in the antrum), we investigated associations of serum PGI, the PGI/II ratio and gastrin-17
levels with site-specific gastric conditions. Serum PGI, PGI/II ratio and gastrin-17 levels in
persons with different gastric histopathologies in the body or in the antrum are shown in
Figure 1. Across the histopathologic conditions in the body from normal mucosa/mild non-
atrophic gastritis, moderate/severe non-atrophic gastritis, to atrophic gastritis, PGl (Panel A)
first increased, peaked at moderate/severe non-atrophic gastritis, and then decreased
substantially; the PGI/II ratio (Panel B) monotonically decreased; and gastrin-17
monotonically increased (Panel C). Across the histopathologic conditions in the antrum
from normal mucosa/mild non-atrophic gastritis, moderate/severe non-atrophic gastritis, to
atrophic gastritis, PGI (Panel D) first increased, peaked at moderate/severe non-atrophic
gastritis, and then decreased slightly; the PGI/II ratio (Panel E) first decreased, bottomed at
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moderate/severe non-atrophic gastritis, and then slightly increased; and gastrin-17 (Panel F)
monotonically decreased.

Discussion

In this large longitudinal study, we found that an increase in serum PGI, PGII, anti-H. pylori
1gG levels (especially PGII and anti-H. pylori 1gG combined) and a decrease in the PGI/II
ratio were associated with risk for progression of gastric precancerous lesions, especially
among those with normal mucosa/mild non-atrophic gastritis at baseline, suggesting that
monitoring serum PGs and anti-H. pylori IgG levels has potential for assessing and
managing risk for gastric precancerous conditions. To our knowledge, this is the first
reported study to have investigated temporal changes in these markers, individually or
collectively, in relation to GC prevention.

Effective management of gastric premalignant conditions is crucial to reducing GC
incidence and mortality.28 Currently, there is no consensus on how to manage patients with
precancerous lesions. According to the most recent recommendations from European expert
panels,®28 active surveillance is required for patients with precancerous lesions. However,
GC risk is too “low” to justify endoscopic surveil-lance on all patients with precancerous
lesions due to cost-effectiveness considerations,?8 and markers to further stratify GC risk
among those patients are needed. Risk stratification guided endoscopic surveillance of
gastric premalignant conditions is of great importance, because it could substantially reduce
unnecessary gastroscopies and associated harms by allocating limited resources to high GC
risk individuals.

Serum PGlI, PGlI, the PGI/II ratio, gastrin-17 and anti-H. pylori 1gG are promising
markers,?8 and multiple cross-sectional studies have investigated their relations to gastric
conditions.®-19 Also, multiple population-based studies in Japan evaluated the accuracy of
serum PGs for screening for GC, yielding mixed results.2-32 In addition, many follow-up
studies found that serum PGI, PGlII, the PGI/II ratio, gastrin-17 and anti-H. pylori 1gG levels
measured once at baseline were associated with future GC risk [e.g., Refs. 33—-41]. Based on
currently available evidence, it has been proposed that these serological biomarkers might be
useful for identifying those with precancerous gastric lesions who should be referred for
gastroscopy.>8 All previous studies were focused on single baseline absolute levels of serum
PGlI, PGlII, the PGI/II ratio, gastrin-17 and anti-H. pylori 1gG for screening for GC or for
identifying high GC risk individuals for diagnostic gastroscopy, and none reported
investigating the potential role of monitoring changes in these serological bio-markers over
time for GC prevention.

As reported herein, we found that an increase in serum PGI or PGII and a decrease in the
PGI/II ratio were associated with progression of the most severe identified gastric lesion in
the whole stomach, especially for those with normal mucosa/mild non-atrophic gastritis at
baseline, and among the three PG-related markers, the association of PGII with progression
was the strongest. The distribution of PGII-producing cells includes the entire stomach and
the duodenum,*2-44 so its change was more likely to represent abnormal histologic
progression in the whole stomach. Also, PGII is more sensitive to H. pylori-induced gastric
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inflammation than is PGI or the PGI/II ratio.1? Since PGl is only produced in the glandular
mucosa in the body of the stomach, we also examined associations of serum PGI and the
PGI/1I ratio with site-specific histopathologic conditions (i.e., histopathologic conditions in
the body and in the antrum). Our results suggested that a decrease in serum PGl or the
PGI/1I ratio only indicated atrophy in the body, while serum PGI only decreased slightly and
the PGI/II ratio actually increased in the presence of atrophy in the antrum. Taken together,
an increase in serum PGl and PGII levels and a decrease in the PGI/II ratio indicated
progression of the most severe gastric lesion in the whole stomach, especially among
patients with normal mucosa/mild non-atrophic gastritis at baseline; however, a decrease in
serum PGI could indicate regression from non-atrophic gastritis to normal mucosa or
progression from non-atrophic gastritis to atrophic gastritis in the body, and information on
other serological biomarkers is needed to determine which is more likely to be true.

We found that change in serum gastrin-17 levels was not substantially associated with
progression of the most severe gastric lesion in the whole stomach. Gastrin-17 is released by
G cells in the antrum. Serum gastrin-17 decreases when the number of G cells in the antrum
decreases or when the intra-gastric acidity is high,*> which makes changes in serum
gastrin-17 levels difficult to interpret; consistent with this belief, our results suggested that
serum gastrin-17 levels decreased slightly in the presence of atrophy in the antrum and
increased in the presence of atrophy in the body.

We found that an increase in serum anti-H. pylori 1gG level was associated with progression
of gastric precancerous lesions, especially among patients with baseline normal mucosa/mild
non-atrophic gastritis. These longitudinal results are consistent with our previous cross-
sectional findings that serum anti-H. pylori IgG antibody titer was positively correlated with
grade of histological gastritis and mucosal bacterial density.13 Furthermore, a recent follow-
up study found that seropositivities for H. pylori-specific antibodies for CagA and GroEL
were associated with progression of gastric precancerous lesions. In addition, intervention
trials showed that H. pylori eradication reduced risk of progression.23:25:46-49

Our previous cross-sectional study results (manuscript under review) suggested that serum
PGII combined with anti-H. pylori 19G was useful for identifying individuals with abnormal
gastric histology. In the present study, we found that individuals who had serum levels of
PGII =8.3 ng/mL or anti-H. pylori 1gG =24.0 EIU at baseline and had temporal increases in
both markers were at increased risk for progression of gastric lesions. Taken together, our
previous and present results suggest that the combination of serum PGII and anti-H. pylori
1gG levels could be useful for identifying and then monitoring individuals at risk for GC.
However, additional biomarkers (e.g., tissue markers obtained at endoscopy) need to be
identified and incorporated into the panel to further improve the ability to predict clinically
significant histologic progression and the need for and timing of follow-up endoscopy.

Our study had several limitations. First, not all screening program participants were
endoscopically followed and included in the analysis, raising the possibility of selection
bias; however, the distributions of sex, age, smoking, drinking, family history of GC were
similar between those who were included in this study and the full screening program
participants. Second, because of practical and ethical considerations, we did not take
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biopsies from both the antrum and the body on all participants if the endoscopists
determined that the gastric mucosa in a site was normal. This limited our power to
investigate whether changes in biomarkers predicted site-specific progression of
precancerous lesions; however, this would not have affected our main outcome, progression
of the most severe gastric lesion in the whole stomach, which was based on the most severe
lesion found among all the biopsy specimens. Third, our sample size for those with more
advanced baseline lesions (i.e., atrophic gastritis and dysplasia) that progressed was
insufficient to adequately assess associations among this subgroup of participants. Finally,
our study population was limited to persons in a particularly high-risk region in northern
China, so caution should be taken in generalizing our results to other populations.

The strengths of our study are: (i) To our knowledge, it is the first study to examine whether
temporal changes in serum PGI, PGII, the PGI/II ratio, anti-H. pylori 19gG and gastrin-17 are
associated with risk for progression of gastric precancerous lesions. (ii) The endoscopies and
histopatho-logical diagnoses were made blinded to the results of the serological tests, and
vice versa. (iii) Histopathological diagnoses and serology were performed by the same study
group according to consistent and standard protocols over the whole study period, which
helps reduce misclassification bias and measurement errors. (iv) With the longitudinal
design of our study, we were able to calculate relative changes of serum biomarkers over
time, which helps control for baseline and temporal interpersonal serum biomarker level
variation.

In conclusion, the results from this large longitudinal study suggest that an increase in serum
PGlI, PGlII, anti-H. pylori 1gG levels and an decrease in the PGI/II ratio may be associated
with progression of gastric precancerous lesions, especially among those with normal
mucosa/mild non-atrophic gastritis at baseline. Also, our present results, taken together with
our previous results, suggest that the combination of serum PGII and anti-H. pylori 1gG
could be used to identify and monitor individuals at increased risk for GC.
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confidence intervals

ELISA enzyme-linked immunosorbent assay
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What's new?

Effectively managing precancerous gastric lesions could reduce the incidence and
mortality of gastric cancer (GC). However, only a small percentage of these lesions
actually develop into GC. Specific biomarkers would thus be extremely helpful for risk
stratification. In this study, the authors evaluated multiple serological markers for any
association between temporal changes in these markers and risk of progression to GC.
The results indicate that increased serum levels of pepsinogen Il and anti-H. pylori IgG
may prove useful for predicting an increased risk of progression to GC.
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Figure 1.

Serum pepsinogen | (PGI), PGI/II ratio and gastrin-17 levels in persons with different
gastric histopathologies in the Zhuanghe Gastric Diseases Screening Program, China. (a)
Serum PGl levels in persons with different histopathologies in the gastric body; (b) Serum
PGI/1I ratio in persons with different histopathologies in the gastric body; (c) Serum
gastrin-17 levels in persons with different gastric histopathologies in the gastric body; (d)
Serum PGl levels in persons with different histopathologies in the gastric antrum; (€) Serum
PGI/II ratio in persons with different histopathologies in the gastric antrum; (f) Serum
gastrin-17 levels in persons with different histopathologies in the gastric antrum.
Abbreviations: NAG: non-atrophic gastritis; AG: atrophic gastritis.
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Selected characteristics of participants in the Zhuanghe Gastric Diseases Screening Program, China

Table 1

Characteristicsl Males(n=1,085) Females(n =954)
Age (yrs) 50.8+11.0 48.8+9.8
Year at enrollment (%)

1997-1999 70.2 65.6

2002 8.9 10.5
2008-2010 20.8 23.9
Serum biomarker levels

PGI (ng/mL) 109.3 +57.1 92.6 +47.7
PGII (ng/mL) 17.3+14.0 14.0+10.9
PGI/1I ratio 9.1+9.1 9.9+10.0
Gastrin-17 (pmol/L) 35+9.7 43+13.1
Anti-H. pylori 1gG (EIU) 42.0+339 40.4+326
Baseline histopathologies (%)

Normal mucosa/mild non-atrophic gastritis 14.0 18.1
Moderate non-atrophic gastritis 22.8 27.6
Severe non-atrophic gastritis 33.7 345

Mild atrophic gastritis 45 44
Moderate atrophic gastritis 10.7 7.0

Severe atrophic gastritis 7.0 4.3

Low grade dysplasia 7.2 38

High grade dysplasia 0.1 0.3
Median (range) length of follow-up time (yrs) 2.3 (0.4-7.6) 2.2 (0.4-7.6)
Number of follow-up visits (%)

1 60.8 63.0

2 28.5 30.1

3 8.4 6.2

4 2.3 0.7

Abbreviations: H. pylori: Helicobacter pylori; PG: pepsinogen.

1 L
Mean + STD, unless otherwise indicated.
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Associations of relative temporal changes in serum PGI, PGII, the PGI/II ratio, anti-H. pylori 19gG and
gastrin-17 levels with progression of gastric precancerous lesions; Zhuanghe Gastric Diseases Screening

Program, China

Table 2

Relative Changel Progression (n)  No progression (n) OR2 95% ClI p for trend
Serum PGI

Decreased 250% 97 402 1.00 N/A

Decreased 20-50% 148 637 097 0.72 1.30

Within 20% 195 678 121 091 1.60
Increased 20-50% 101 303 150 1.09 2.06 <0.01
Increased =50% 123 323 167 122 2.28

Serum PGl

Decreased 250% 114 589 1.00 N/A

Decreased 20-50% 135 442 153 117 1.99

Within 20% 147 503 152 116 2.00
Increased 20-50% 64 242 135 097 1.87 <0.01
Increased =50% 200 561 1.80 1.40 2.33

Serum PGI/II ratio

Increased =50% 171 698 1.00 N/A

Increased 20-50% 76 254 1.20 0.89 1.62

Within 20% 148 503 119 094 151
Decreased 20-50% 111 454 098 0.75 1.28 0.07
Decreased =50% 152 409 140 1.08 1.81

Serum gastrin-17

Decreased 2100% 86 319 1.00 N/A

Decreased 20-100% 106 378 0.97 0.70 1.36

Within 20% 150 697 0.83 0.61 1.14
Increased 20-500% 162 501 115 0.85 155 0.02
Increased =500% 112 309 133 0.96 1.85

Serum anti-H. pylori 1gG

Decreased 250% 114 577 1.00 N/A

Decreased 20-50% 83 367 121 0.90 1.63

Within 20% 140 453 158 119 2.08
Increased 20-50% 63 197 164 115 234 <0.01
Increased =50% 206 528 193 148 2.52

Abbreviations: CI: confidence interval; H. pylori: Helicobacter pylori; OR: odds ratio; PG: pepsinogen.

1Defined as: (follow-up - baseline)/baseline x 100%.

Estimated using generalized estimating equations (GEE) for correlated binary outcomes.
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Table 3

Associations of relative temporal changes in serum PGI, PGII, the PGI/II ratio, gastrin-17 and anti-H. pylori
IgG levels with progression of gastric precancerous lesions stratified by baseline histopathologic conditions;
Zhuanghe Gastric Diseases Screening Program, China

Normal mucosa/mild non-atrophic gastritis at Mild/severe superficial gastritisat baseline (n =
baseline (n = 325) 1,205)
Relativechangel OR2 95% ClI pfor trend OR2 95% CI pfor trend
Serum PGI
Decreased 250% 1.00 N/A 1.00 N/A
Decreased 20-50% 0.95 0.56 1.62 112 0.73 171
Within 20% 1.30 0.79 2.12 1.43 0.96 2.14
Increased 20-50% 171 0.91 3.25 <0.01 1.89 1.20 2.98 <0.01
Increased =50% 2.05 1.16 3.64 1.85 1.19 2.87
Serum PGII
Decreased 250% 1.00 N/A 1.00 N/A
Decreased 20-50% 1.30 0.75 2.28 1.50 1.05 2.13
Within 20% 2.00 1.10 3.66 1.55 1.09 2.21
Increased 20-50% 1.39 0.65 3.00 <0.01 131 0.86 2.01 0.44
Increased =50% 2.65 1.58 4.45 1.22 0.86 1.73
Serum PGI/II ratio
Increased =50% 1.00 N/A 1.00 N/A
Increased 20-50% 1.80 0.91 3.59 0.98 0.65 1.47
Within 20% 1.60 0.89 2.87 1.02 0.74 1.41
Decreased 20-50% 1.63 0.92 291 0.03 0.79 0.56 112 0.19
Decreased =50% 1.85 112 3.05 0.84 0.58 1.22
Serum gastrin-17
Decreased 2100% 1.00 N/A 1.00 N/A
Decreased 20-100% 0.85 0.41 1.73 1.19 0.78 1.83
Within 20% 1.32 0.70 2.47 0.70 0.46 1.07
Increased 20-500% 1.98 1.06 3.69 <0.01 1.13 0.75 1.70 0.81
Increased =500% 2.33 1.20 4.54 1.07 0.67 1.70
Serum anti-H. pylori
19G
Decreased 250% 1.00 N/A 1.00 N/A
Decreased 20-50% 3.10 1.55 6.19 1.02 0.68 1.53
Within 20% 4.60 2.30 9.22 1.62 1.13 2.32
Increased 20-50% 3.64 1.56 8.54 <0.01 1.49 0.94 2.36 0.05
Increased =50% 3.43 2.01 5.86 1.32 0.92 1.90

Abbreviations: CI: confidence interval; H. pylori: Helicobacter pylori; OR: odds ratio; PG: pepsinogen.
lDefined as: (follow-up - baseline)/baseline x 100%.

Estimated using generalized estimating equations (GEE) for correlated binary outcomes.

Int J Cancer. Author manuscript; available in PMC 2016 January 15.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Tuetal.

Table 4
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The associations of relative temporal changes in serum PGI, PGlI, the PGI/II ratio, gastrin-17 and anti-H.
pylori 1gG levels with progression of gastric precancerous lesions stratified by baseline serological test results;
Zhuanghe Gastric Diseases Screening Program, China

Abnormal baseline biomarker t&sts2 (n=1,612)

Normal baseline biomarker teﬁts3 (n=363)

Relative changel OR4 95% ClI pvalue OR4 95% ClI pvalue
Serum PGl

Decreased 250% 1.00 N/A 1.00 N/A

Decreased 20-50% 1.02 0.73 1.43 0.73 0.36 1.47

Within 20% 1.34 0.97 1.86 0.85 0.46 1.55

Increased 20-50% 1.55 1.07 2.24 <0.01 1.06 0.51 2.19 0.05
Increased =50% 1.58 1.09 2.30 1.61 0.86 3.03

Serum PGlI

Decreased 250% 1.00 N/A 1.00 N/A

Decreased 20-50% 1.50 1.13 1.99 1.48 0.53 4.12

Within 20% 1.45 1.09 1.95 1.62 0.59 4.44

Increased 20-50% 1.42 1.00 2.03 <0.01 1.17 0.40 3.43 0.10
Increased =50% 1.61 1.20 2.16 1.93 0.79 4.73

Serum PGI/II ratio

Increased =50% 1.00 N/A 1.00 N/A

Increased 20-50% 1.07 0.77 1.48 2.81 1.21 6.51

Within 20% 1.19 0.92 1.54 1.29 0.60 2.79
Decreased 20-50% 0.86 0.63 117 0.21 1.56 0.77 3.19 0.87
Decreased =50% 1.42 1.04 1.93 1.38 0.69 2.72

Serum gastrin-17

Decreased 2100% 1.00 N/A 1.00 N/A

Decreased 20-100% 1.02 0.71 1.46 0.81 0.34 1.93

Within 20% 0.77 0.54 1.09 0.92 0.46 1.85
Increased 20-500% 1.18 0.84 1.65 0.16 1.04 0.53 2.06 0.13
Increased =500% 1.19 0.81 1.75 151 0.73 3.09

Serum anti-H. pylori 1gG

Decreased 250% 1.00 N/A 1.00 N/A

Decreased 20-50% 1.10 0.80 1.51 2.48 1.04 591

Within 20% 1.46 1.09 1.97 3.42 1.49 7.84
Increased 20-50% 1.49 1.01 2.19 <0.01 3.33 1.25 8.83 0.02
Increased =50% 1.87 1.38 2.52 2.60 1.25 5.40

Abbreviations: Cl: confidence interval; H. pylori: Helicobacter pylori; OR: odds ratio; PG: pepsinogen.
1Defined as: (follow-up - baseline)/baseline x 100%.
2PGII 28.3 ng/mL or anti-H. pylori 1gG = 24.0 EIU.

3PGII <8.3 ng/mL and anti-H. pylori 1gG <24.0 EIU.
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Estimated using generalized estimating equations (GEE) for correlated binary outcomes.
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Associations of temporal changes in serum PGII and anti-H. pylori 1gG in combination with progression of
gastric precancerous lesions; Zhuanghe Gastric Diseases Screening Program, China

Relative changel Progression (n) No progression (n) OR2 95% ClI

PGII decreased =50% and anti-H. pylori 1gG decreased 250% 40 223 1.00 N/A

PGII decreased =50% and anti-H. pylori 1gG within 50% 47 204 140 0.88 2.23
PGlII decreased =50% and anti-H. pylori IgG increased >50% 17 95 1.10 0.60 2.01
PGII within 50% and anti-H. pylori 1gG decreased =50% 54 240 133 085 2.06
PGII within 50% and anti-H. pylori 1gG within 50% 166 585 1.70 115 2.51
PGII within 50% and anti-H. pylori 1gG increased =50% 103 274 208 136 3.19
PGII increased 50% and anti-H. pylori 1gG decreased =50% 18 109 1.01 057 1.81
PGII increased 50% and anti-H. pylori IgG within 50% 72 224 187 121 2.90
PGlII increased 50% and anti-H. pylori IgG increased 250% 85 156 318 205 4.93

Abbreviations: CI: confidence interval; H. pylori: Helicobacter pylori; OR: odds ratio; PG: pepsinogen.

1Defined as: (follow-up - baseline)/baseline x 100%.

Estimated using generalized estimating equations (GEE) for correlated binary outcomes.
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