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Abstract

Pepsinogens are a class of endopeptidases that are secreted by the gastric epithelium and released
into the circulation. Low serum pepsinogen | (PGI) and low serum pepsinogen | / pepsinogen Il
ratio (PGI/II ratio) are markers of gastric fundic atrophy, and have recently been shown to be
associated with increased risk of esophageal squamous cell carcinoma (ESCC). We conducted the
current study to test whether these markers are also associated with esophageal squamous
dysplasia (ESD), the precursor lesion of ESCC.

We measured serum PGI and PGII, using enzyme-linked immunosorbent (ELISA) assays, in 125
case subjects (patients with moderate or severe ESD) and 250 sex-matched control subjects (no
ESD) selected from an endoscopic screening study in Linxian, China. We used conditional logistic
regression models adjusted for age, smoking, and place of residence to calculate odds ratios (ORs)
and 95% confidence intervals (95% CIs).

Serum PGI showed no statistically significant association with ESD, whether analyzed as a
dichotomous, ordinal (quartiles), or continuous variable. Lower serum PGI/II ratio, however,
showed a dose-response association with increased risk of ESD, with an adjusted OR (95% CI) of
2.12 (1.08 — 4.18), comparing the lowest versus the highest quartile. The association between
lower serum PGI/II ratio and log OR of ESD was nearly linear, and the p-value for the continuous
association was 0.03.

Lower serum PGI/II ratio was linearly associated with higher risk of ESD. This result is consistent
with recent findings that gastric atrophy may increase the risk of ESCC.
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Introduction

Methods

Pepsinogen | (PGI) and pepsinogen 11 (PGII) are two classes of endopeptidases that are
secreted by the gastric epithelium and can hydrolyze peptides in acid environments.1 Some
of the secreted molecules are released into the circulation and can be measured as serum PGl
and serum PGlII.

Serum pepsinogen levels have been used as markers of gastric fundic atrophy.2:3 As this
atrophy progresses, serum PGl levels are reduced but serum PGII levels remain stable or are
increased, which results in lower PGI levels and a lower serum pepsinogen I/pepsinogen Il
ratio (PGI/1I ratio).3 Both low serum PGI and low serum PGI/II ratio have been used as
markers for gastric fundic atrophy.2:3 However, low serum PGI/II is usually a more
accurate marker for this atrophy than PGI alone.3 Serum pepsinogens can also predict
gastric cancer risk. A large number of epidemiologic studies have shown that atrophy of
gastric fundic mucosa, diagnosed histologically or by measuring serum pepsinogens, is
associated with higher risk of gastric cancer.4716 Like the association with atrophy, some
studies have suggested that the serum PGI/II ratio may be a stronger risk predictor of future
gastric cancer risk than serum PGl alone.5:10:11

The association between gastric fundic atrophy, defined by low serum pepsinogen levels or
by histology, and risk of esophageal squamous cell carcinoma (ESCC) has been studied only
within the past few years. Three recent studies have suggested that gastric atrophy may
increase ESCC risk. A cohort study in Sweden showed that patients with pernicious anemia,
a condition associated with severe gastric atrophy, were three times more likely to be
diagnosed with ESCC than the general population.17:18 A subsequent Swedish case-control
study reported that low serum PGI was associated with higher risk of esophageal squamous
cell carcinoma.9 Similarly, a Japanese case-control study found that gastric atrophy,
identified serologically or histologically, was associated with a higher risk of superficial
ESCC.19

Linxian, a county in Henan Province, China, has some of the highest rates of ESCC in the
world. Previous studies have shown that esophageal squamous dysplasia (ESD) is the
precursor lesion of ESCC in Linxian.20 Compared to subjects with no dysplasia, those with
moderate and severe ESD have an increased risk of ESCC of approximately 10- and 30-fold,
respectively.20 In addition, we have previously shown that the risk factors for ESD are
generally similar to those for ESCC in Linxian; increasing age, a positive family history of
cancer, low socioeconomic status, and tooth loss are risk factors for both ESD and ESCC in
this population.21723 We conducted the current study to examine the association between
gastric fundic atrophy, as measured by low serum PGI or PGI/II ratio, and the risk of
moderate or severe ESD in Linxian.

Study participants, questionnaire and biological sample collection

The subjects of this study were selected from the participants of the Cytology Sampling
Study 2 (CSS2) in Linxian. Methods of the CSS2 study have been described elsewhere.
23:24 In brief, in April 2002 we invited all apparently healthy adults aged 50—64 who lived
in three villages in Yaocun commune, Linxian, to participate in a cytologic and endoscopic
screening study for ESD and early ESCC. All of these residents who had no
contraindications for the study procedures were eligible and were invited to sign an
informed consent and enroll in the study. Participation rates among the eligible subjects in
the three villages were 41%, 25%, and 14%, respectively, and 98% of the participants
denied having any symptoms of esophageal cancer (e.g., pain or difficulty swallowing).
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Subjects were administered a structured questionnaire that included questions about personal
characteristics, habits, and living conditions. Subjects also received a brief physical exam
which included measuring height and weight. Fasting blood was collected and the separated
serum was frozen at —70 °C for future use.

Seven hundred and forty study participants completed both an esophageal balloon cytology
examination and an endoscopy examination with Lugol's iodine staining and biopsy,25 and
725 had at least one technically sufficient squamous biopsy. The biopsies were fixed in 80%
ethanol, embedded in paraffin, cut in 5:m sections and stained with hematoxylin and eosin.
The biopsy slides were read independently by two pathologists (NL, SMD), without
knowledge of the patient's history or the visual endoscopic findings, and discrepant findings
were adjudicated by joint review. The histologic criteria were based on previous
descriptions.26

Subjects were classified according to their worst biopsy diagnosis as normal (n = 306),
esophagitis (n = 186), mild dysplasia (h = 102), moderate dysplasia (n = 88), severe
dysplasia (nh = 39), or ESCC (n = 4). Because moderate and severe dysplasia are strong
predictors of ESCC risk, individuals with these two diagnoses (n = 127) were chosen as
cases for the current study. Two of the case subjects did not have serum for pepsinogen
assays. Therefore, there were a total of 125 case subjects in this study. For each case, we
selected two sex-matched controls (a total of 250 controls) from subjects with only normal
biopsies, in a way that minimized age differences between cases and controls.

The design and conduct of the CSS2 study was approved by the Institutional Review Boards
of Cancer Institute (Hospital), Chinese Academy of Medical Sciences and the US National
Cancer Institute. All subjects provided written informed consent.

Serum pepsinogen assays

Serum PGI and PGII were measured using an enzyme-linked immunosorbent assay (Biohit
ELISA kit, Finland) by an experienced laboratory scientist (LD) who was unaware of
subjects’ case—control status. Serum was measured in duplicate and then the average value
was used for each individual. Duplicate results were strongly correlated; Pearson's
correlation coefficient was 0.996 for PGI and 0.998 for PGII.

Duplicate aliquots of the quality control samples that were provided with the kits were
included on each assay plate. Based on these samples, the coefficients of variation were
4.9% and 2.1% for the PGI and PGII assays, respectively. In addition, 30 quality control
samples, aliquoted from a single large pool of serum from Linxian residents, were
distributed among the 10 assay plates (three samples per plate). On the basis of these
samples, the coefficients of variation were 9.3% and 7.0% for PGl and PGlI, respectively.

Statistical Analysis

Statistical analyses were done using Stata version 10.0 (StataCorp LP, College Station, TX),
and SAS version 9.1 (SAS Institute, Cary, NC).

We used conditional logistic regression models to estimate odds ratios (ORs) and 95%
confidence intervals (95% ClIs). Serum PGI and PGI/II ratio were analyzed as dichotomous
variables, as quartiles, and as continuous variables. There are no universally accepted cutoff
points for these two makers.27 Therefore, we used four different dichotomous seropositivity
cutpoints (30, 50, 100, and 130 ng/ml) for PGI, and four cutpoints for PGI/II ratio (3, 4, 9,
and 12) for PGI/II ratio. We selected these cutpoints because they were used by some
previous studies as cutpoints to diagnose severe gastric fundic atrophy (30 for PGI and 3 for
PGI/II ratio); because they were used in a previous study in Linxian (50 for PGI and 4 for
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PGI/1I ratio); because they were close to the median of the collected data (100 for PGI and 9
for PGI/II ratio); or because they were close to the 75 percentile of the collected data (130
for PGI and 12 for PGI/II ratio). Quartiles were made based on the distribution of these
serum markers among the controls. For continuous analyses, similar to previous studies,28
we chose one unit change as half the distance between the 25™ and 75t percentile values
among the controls (the average size of the two central quartiles).

Our a priori model included adjustment for age (years), history of smoking (yes vs. no), and
village of residence. These variables were chosen for adjustment because age is a universal
risk factor for gastric atrophy, ESD, and ESCC; smoking is a risk factor for ESCC in
Linxian and it has been positively (but non-significantly) associated with ESD risk there;
and residence in a certain village may be associated with unknown risk factors that cannot
be measured. In addition to this a priori model, we also examined models that were adjusted
for age only and models that were adjusted for age, smoking, village of residence, tooth loss,
family history of cancer, and per capita income (as an indicator of socioeconomic status).
None of these adjustments changed the results materially, so we only present the results of
the a priori model. P-values for trend were obtained from the continuous analyses. Two-
sided p-values < 0.05 were considered to be statistically significant.

We also examined the shape of the association between PGI or the PGI/II ratio and the study
outcome (moderate or severe ESD) using non-linear models using PROC GAM in SAS.
After fitting the GAM model, we plotted the ORs on the logarithmic scale versus PGI and
PGI/II ratio on the linear scale.

Table 1 shows the demographic characteristics and smoking status of cases and control
subjects. The two groups were matched for sex; 47.2% of cases and controls were males.
Case subjects were slightly, but statistically non-significantly, older and more likely to
smoke than the control subjects. Among the control subjects, PGl and PGII were strongly
correlated, with a Pearson correlation coefficient of 0.69.

Table 2 shows the ORs (95% Cls) for the associations between PGl and ESD, adjusted for
age, smoking and village of residence. The ORs for the more extensively adjusted model
were similar (data not shown). Results are presented for dichotomous categories, quartiles,
and continuous measures. In dichotomous analyses, serum PGI was not significantly
associated with risk of ESD, regardless of the choice of cutpoint. For a cutpoint of 100, for
example, 56 (44.8%) of the case subjects and 119 (47.6%) of the control subjects had low
PGl values, and the adjusted OR (95% ClI) for the association between low PGI and ESD
was 0.88 (0.55 — 1.39). Analysis of the data by quartiles showed no statistically significant
association either, and no substantial change in risk was observed across the quartiles. The
adjusted OR (95% CI) for a 28.5 ng/ml decrease in PGI (half the distance between the 25t
and 75t percentiles) was 1.03 (0.89 — 1.18), with a corresponding p-value of 0.71.

Results for the PGI/II ratio are also shown in Table 2. In dichotomous analyses, results
varied by cutpoint. For cutpoints of 3, 4, 9, and 12, the ORs were 1.80, 1.17, 1.88, and 1.78,
respectively, and the latter two ORs were significantly different from one. Analysis of data
by quartiles showed a monotonic increase in ESD risk with lower PGI/II ratio values, and
the adjusted OR (95% ClI) for the 15t (lowest) versus the 4™ (highest) quartile was 2.12 (1.08
— 4.18). Similarly, analysis of the PGI/II ratio as a continuous variable showed a significant
association with ESD. The adjusted OR (95% CI) for the association between a 3.13 unit
decrease in the PGI/II ratio (half the distance between the 251 and 75! percentiles) was 1.22
(1.02 — 1.46), with a corresponding p-value of 0.03. Figure 1 shows the results of fitting a
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smoothed non-linear model of the association between the PG I/11 ratio and risk of ESD. The
model predicted an essentially linear association between the PGI/II ratio and the log OR.

Discussion

It has long been known that gastric atrophy is an indicator of increased risk of gastric cancer.
29 In Pelayo Correa's model for the pathogenesis of intestinal-type gastric cancer, gastric
atrophy is considered one of the precursor lesions of gastric cancer.4:29 Therefore, when
low serum PGl and low serum PGI/II ratio were established as sensitive and specific
markers for gastric fundic atrophy, a large number of studies examined the association
between these markers and risk of gastric cancer, and they found a consistent association.
However, the association between gastric atrophy or serum pepsinogens and other cancers,
including ESCC, has not been studied until recently.

The first indication that gastric atrophy might be associated with ESCC came from a cohort
study in Sweden that compared the risk of ESCC in pernicious anemia patients, who have
severe gastric atrophy, with the risk of this tumor in the general population, and found a
three-fold increased risk in the pernicious anemia patients.17:18 Then, in 2004, Ye and
colleagues published the first evaluation of the association between serum pepsinogens and
ESCC risk, in a Swedish case-control study, and found a four-fold increased risk of ESCC in
patients with low serum PGI.9 Another recently published case-control study from Japan
also found that gastric atrophy, diagnosed serologically or histologically, was associated
with a four-fold or higher increased risk of superficial ESCC.19

Our study is the first that has examined the association between gastric atrophy, as measured
by serum pepsinogens, and risk of ESD, the precursor lesion of ESCC. Our results show a
continuous increase in risk of ESD associated with lower values of the serum PGI/II ratio,
with a two-fold increased risk in the lowest compared to the highest quartile of this ratio.
These results support the recent findings that suggest that gastric fundic atrophy increases
the risk of ESCC. Gastric fundic atrophy results in reduced acid secretion, a higher luminal
pH, and proliferation of bacteria in the stomach.4 These bacteria, in turn, may increase the
production of carcinogens such as acetaldehyde and nitrosamines, which may underlie all of
the observed associations between gastric atrophy and gastric and esophageal neoplasia.

We found a significant association in this study between ESD and low serum PGI/II ratio,
but no association between ESD and low serum PGI, even though there was a strong
correlation between PGI and PGII values (Pearson's r = 0.69). One possible reason for this
apparent discrepancy is that the PGI/PGII ratio is a more sensitive and specific maker of
gastric atrophy than PGI alone. Several previous studies suggest that the PGI/II ratio is a
more accurate marker for both gastric atrophy 3 and future risk of cancer 5:10:11 than PGI
alone. The superiority of the PGI/II ratio may be explained by the changes in the gastric
mucosa during progression toward atrophy. In severe atrophy the fundic mucosa, which
secretes both PGI and PGII, is replaced by antral-type mucosa, 30 which secretes only PGII.
As a result, in subjects with severe atrophic gastritis, serum PGl levels are reduced, by up to
one order of magnitude, while serum PGII levels remain constant or may even increase.3
Therefore, the PGI/II ratio may be a marker of atrophy (via its PGI component) that is
adjusted for a person's total capacity of pepsinogen secretion (via its PGII component).
While most studies have shown that PGI/II ratio is superior to PGI alone as a marker of
atrophy, this is not a universal finding. For example, a recent study31 reported that serum
PGI was more strongly correlated than PGI/II ratio with gastric maximal acid output,
another functional measure of gastric fundic atrophy. Therefore, another possible
explanation for the apparent discrepancy in PGI and PGI/II ratio results in this study is that
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the association between PGI:Il and ESD is at least partly due to unknown mechanisms
unrelated to atrophy.

The PGI and PGI/II ratio data were analyzed dichotomously, as quartiles, and as continuous
variables. There are no universally accepted cutoff points for these two markers and, in fact,
previous studies have used several different cutoff points.27 Because PGI and PGI/II ratio
are indicators of gastric atrophy, one might assume that the best cutoff point might be
determined by plotting Receiver Operating Characteristic (ROC) curves of these markers
versus histologically confirmed gastric atrophy. However, this assumption may be
misleading. Most gastric atrophy is endoscopically inapparent, and untargeted biopsies may
fail to find patchy atrophic lesions, so there is no gold standard diagnostic method to which
we can compare the serum markers. In fact, the serum markers may be more accurate than
biopsies, because they integrate changes across the entire gastric mucosa. In our study, PGI
was not associated with risk of ESD, regardless of the cutpoint used. For all but one cutpoint
(4.0), the ORs found for the dichotomized PGI/II ratio values were close to 1.80. Indeed,
fitting smoothed non-linear models to risk in our study suggested that risk of ESD increased
continuously, and almost linearly, with lower PGI/II ratio levels. Therefore, our results
support the hypothesis that progression toward gastric atrophy and increased risk of cancer
is a continuous phenomenon; that using a continuous serological marker to diagnose atrophy
may be more useful than using untargeted biopsies; and that using cutoff points for the PGI/
Il ratio, rather than continuous measurements, may reduce the power of this measurement to
detect associations.

We cannot find obvious sources of bias or laboratory error that could lead to the observed
associations. Ninety-eight percent of the subjects were asymptomatic at study enrollment, so
it is unlikely that they changed their eating habits or other behaviors because of their disease
prior to enrollment in this study. Studies with a cross-sectional design have some inherent
limitations, such as evaluating temporal relationships, but these problems do not undermine
our observed associations. The laboratory scientist who performed the assays was unaware
of the patients’ clinical diagnoses, and calibration material suggested that the test Kits
functioned well. In addition, we found a correlation of 0.69 between PGI and PGII, which is
similar to several previous studies, and this also suggests that the kits worked well. As
always, chance findings and unknown confounders cannot be totally ruled out.

The strengths of this study include measurement of both PGI and PGII; modeling the
associations multiple ways, using cutoff points, quartiles and continuous measures; the
availability of data on potential confounders; and accurate classification of the ESD lesions.
Limitations may include moderate sample size, the presence of unknown confounders, and
imperfect correlation between PGI or PGI/II ratio and the true severity of gastric fundic
atrophy.

In summary, this study showed an increased risk of moderate or severe ESD with lower
levels of the serum PGI/II ratio, which is a marker of gastric fundic atrophy. This result
supports recent findings that gastric fundic atrophy increases the risk of ESCC. The
mechanisms by which gastric atrophy increases the risk of ESD and ESCC need to be
explored further.
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Figure 1.
The association between the pepsinogen I/11 ratio and the risk of moderate or severe

esophageal squamous dysplasia. The pepsinogen I/11 ratio was plotted on a linear scale, from
high to low, and the odds of ESD was plotted on a logarithmic scale. The vertical dotted
lines demarcate the quartiles (the 75t 50t and 25t percentiles, respectively) of the PGI/II
ratio values.
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Demographic characteristics, tobacco use, and place of residence among cases and control subjects

Cases (n =125)

Controls (n=250)

Mean age in years (s.d.) 55.4 (4.7)
Number of males (%) 59 (47.2)

Number of smokers (%) 39(3L2)

Village of residence

Fentou 44 (35.2)
Jingwan 30 (24.0)
Xifeng 51 (40.8)

54.7 (4.3)
118 (47.2)
67 (26.8)

89 (35.6)
51 (20.4)
110 (44.0)

1 . .
Ever smoking cigarettes for six or more months
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Table 2

Odds ratios (OR) and 95% confidence intervals (CI) for the associations between serum pepsinogen | (PGI)
and serum pepsinogen I/11 ratio (PGI/I1 ratio) with moderate or severe esophageal squamous dysplasia

Cases Controls Adjusted OR (95% Cl)l

n (%) n (%)

PGI

Dicohotomous
<30 ng/ml 2(1.6) 4(1.6)  1.01(0.18 —5.69)
>30 123(98.4) 246 (98.4) 1.00
< 50 ng/ml 9(7.2) 12 (4.8)  1.70 (0.66 — 4.38)
>50 116 (92.8) 238(95.2) 1.00
<100 ng/ml 56 (44.8) 119 (47.6) 0.88 (0.55 — 1.39)
> 100 69 (55.2) 131(52.4) 1.00
<130 ng/ml 88(70.4) 185 (74.0) 0.83(0.50 — 1.40)
> 130 37(296) 65(26.0) 1.00

Quartiles?
Quartile 1 (<75.4 ng/ml) 33(26.4) 62(24.8) 0.9 (0.52—1.90)

Quartile 2 (75.4 ~104 ng/ml) 28 (22.4)  63(25.2)  0.84 (0.44—1.60)
Quartile 3 (104 132 ng/ml) 30 (24.0) 62 (24.8)  0.88 (0.46—1.66)

Quartile 4 (>132 ng/ml) 34 (27.2) 63(25.2) 1.00
Continuous decrease3 ~ —m s 1.03 (0.89 — 1.18)
PGI/II ratio

Dichotomous

<30 6 (4.8) 7(28)  1.80(0.58 —5.53)
>3.0 119(95.2) 243 (97.2) 1.00
<40 9(7.2) 15(6.0)  1.17 (0.50 — 2.73)
>40 116 (92.8) 235(94.0) 1.00
<9.0 73(58.4) 114 (45.6) 1.88 (1.15 - 3.07)
>90 52(41.6) 136 (54.4) 1.00
<120 99(79.2) 177(70.8) 1.78(1.02 - 3.11)
>12.0 26(20.8) 73(29.2) 1.00

Quartiles2
Quartile 1 (< 6.51) 38(30.4) 62(24.8) 2.12(1.08-4.18)
Quartile 2 (6.51 — 9.33) 39(31.2) 63(25.2) 2.01(1.02-3.96)
Quartile 3 (9.33 — 12.8) 27(216)  62(24.8) 1.41(0.72—2.74)
Quartile 4 (>12.8) 21(168) 63(25.2) 1.00

Continuous decrease3 T 122(1.02 - 1.46)

Odds ratios (ORs) and 95% confidence intervals (95% Cls) were obtained from the conditional logistic regression models adjusted for age,
cigarette smoking, and place of residence.

2 . . .
Cutpoints (75th, SOth, and 25th percentiles) were 132, 104, and 75.4 ng/ml for PGI; and 12.8, 9.33, and 6.51 for PGI/II ratio.

Each continuous unit was equal to half the distance between the 25th ang 75t percentile values in the control subjects. The units were 28.5 ng/ml
for PGI and 3.13 for the PGI/II ratio.
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