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Low Levels of Pepsinogen | and Pepsinogen I/l Ratio are
Valuable Serologic Markers for Predicting Extensive Gastric Corpus
Atrophy in Patients Undergoing Endoscopic Mucosectomy
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Background/Aims: The levels of pepsinogen (PG) I
and the PGI/II ratio are useful serologic markers for
chronic atrophic gastritis. This study evaluated the
performance and clinical implications of these markers
in patients undergoing endoscopic mucosectomy.
Methods: We enrolled 142 consecutive patients with
early gastric tumors and Helicobacter pylori infection
who were eligible for mucosectomy. Chronic gastritis
and atrophy were assessed using four defined biopsy
procedures. Serum PGs were measured by an en-
zyme immunoassay. Optimal diagnostic cut-offs and
performance were determined using receiver operating
characteristic curves. Results: The PGI level and the
PGI/ll ratio decreased with corpus-dominant gastritis
and as atrophy advanced toward the corpus greater
curvature (GC). For the presence of corpus GC atro-
phy, the areas under the PGl and PGl/ll-ratio curves
were 0.82 and 0.77, respectively. The optimal cut-off
levels were 59.3 1 g/L for PGI (sensitivity, 83.3%; spe-
cificity, 78.4%) and 3.6 ug/L for PGI/II ratio (sensitiv-
ity, 70.0%; specificity, 78.4%). Using these serologic
cut-off levels, we found that the frequency of corpus
tumor location differed significantly (32.9% vs 11.1%
for PGl <59.3 and >59.3 ug/L, respectively; and 31.1%
vs 14.8% for PGI/Il ratio <3.5 and >3.5, respectively;
p<0.05). Conclusions: A low PGI level and PG/l ra-
tio are valuable serologic markers for predicting cor-
pus GC atrophy, and have clinical implications with
respect to the corpus location of tumors in mucosec-
tomy patients. (Gut Liver 2010;4:475-480)
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INTRODUCTION

Chronic atrophic gastritis (CAG), predominantly caused
by Helicobacter pylori infection, is an important precursor
of gastric cancer."” Several large-scale studies have ad-
dressed the benefits of H. pylori eradication before the ap-
pearance of premalignant CAG, leading to a requirement
for risk stratification according to CAG stage.””

Histology is the gold standard method for determining
CAG. However, assessment of mucosal atrophy by histol-
ogy has some limitations, including the inconvenience of
endoscopic biopsy and inter- or intra-observer variations
even using well-organized histologic scoring systems.’

Serum pepsinogen (PG) profiles are introduced with
the goal of noninvasive and topographic measurements of
gastric mucosal atrophy. Large European cohort studies
have demonstrated that PGI and PGI/II are useful mark-
ers to screen patients for CAG or corpus atrophy.”®
Japanese trials have also provided evidence that such
measurements are valuable risk-stratification parameters
for gastric cancer development.”'

Despite the usefulness as a noninvasive screening
method, especially in regions with high incidence of gas-
tric cancer, discriminative abilities of the PG profiles for
CAG have not been validated in Korea. We therefore con-
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ducted this study to evaluate the performance and im-
plications of PGI concentration and PGI/II ratio using pa-
tient-population undergoing endoscopic mucosal resection
(EMR), who had CAG in the corpus mucosa due to pro-
longed H. pylori infection.

MATERIALS AND METHODS
1. Study population

Patients aged 35-75 years with noncardiac gastric dys-
plasia or adenocarcinoma, who were eligible for EMR,
and with H. pylori infection were enrolled prospectively.
Indications for EMR included: 1) low-grade dysplasia >1
cm in size; 2) high-grade dysplasia of any size; or 3) dif-
ferentiated adenocarcinoma <3 cm in size, mucosa-con-
fined, and with no evidence of ulcer or ulcer scar.'
Patients with adenocarcinoma were also evaluated for
metastasis or regional lymph node enlargement by ab-
dominal computed tomography. Endoscopic intervention
for low-grade dysplasia has been recommended in our in-
stitution because a substantial proportion of patients with
such dysplasia have carcinomatous changes in final re-
sected specimens.'”"

Patients with severe concomitant illness (cardiac, respi-
ratory, hepatic, or renal insufficiency), previous intra-ab-
dominal surgery, prior H. pylori eradication therapy, or
contraindications for EMR (major coagulopathy or a
bleeding tendency) were excluded from the study, as were
patients who received drugs that affect gastric acid secre-
tion, such as antacids, bismuth compounds, H,-receptor
antagonists, and proton-pump inhibitors, in the preceding
14 days.

The study protocol was approved by the Institutional
Review Board of Asan Medical Center, Korea, and written
informed consent was obtained from all participants.

2. Endoscopic procedure and biopsy

Following histologic confirmation of gastric neoplasia
and study eligibility, EMR was performed using a gastro-
duodenoscope (GIF-H260; Olympus, Tokyo, Japan) while
the patient was under conscious sedation. The EMR pro-
cedure was performed as previously described techni-
que g 1415

During the procedure, eight biopsy specimens were ob-
tained using elongated large-cup forceps (Olympus
FB-24k-1; Olympus) for histologic examination of CAG:
two specimens were from the lesser curvature (LC) of the
antrum; two from the LC of the upper corpus; two from
the greater curvature (GC) of the lower corpus; and two
from the GC of the upper corpus. These four biopsy sites
were chosen because H. pylori-induced gastritis progresses

from the gastric angularis toward the antrum and corpus
along the LC, and then involves the corporal GC upward
to the fundus.'®”” Any suspicious abnormal mucosal le-
sions were biopsied, and all patients were treated with
proton-pump inhibitors for 4 weeks after the procedure.

3. Histologic evaluation of chronic gastritis and
atrophy

Separate paired biopsy samples were formalin-fixed and
paraffin-embedded. The specimens were sectioned, stained
with hematoxylin and eosin, and examined by experi-
enced gastrointestinal pathologists (Jang SJ, Park YS, and
Kim MJ) who were blinded to clinical information.

Chronic gastritis and atrophy were scored using the up-
dated Sydney system. By grading with a 4-point visual an-
alogue scale from O (absent) to 3 (marked) in each speci-
men from the LC of the antrum and the GC of the upper
corpus, chronic inflammation was classified as antrum-
dominant gastritis, pan-gastritis, or corpus-dominant gas-
tritis. Glandular atrophy was defined as the loss of nor-
mal gastric glands with or without replacement by fib-
rosis and/or intestinal metaplasia. Extent of corpus atro-
phy was graded using a staging system that was designed
to evaluate the extent of the pyloro-corporal atrophic

16,17
front.

This was a 4-point system ranging from O
(none) to 3 (severe); with 0, no atrophy at the corpus; 1
(mild), atrophy only at the corpus LC site; 2 (moderate),
atrophy at the lower corpus GC site with involvement of
the LC site; and 3 (severe), atrophy involving the upper

corpus GC.'
4. Diagnosis of H. pylori infection

H. pylori infection was determined by a positive result
to either C-urea breath test (UBiT, Otsuka, Japan) or
anti-H. pylori IgG Immulite test (Diagnostic Products Co.,
Los Angeles, CA, USA). Both samples were obtained at 8
AM on the day of EMR and assessed before the EMR.

5. Measurement of serum PGI, PGIl, and gas-
trin-17 levels

Overnight fasting venous blood was sampled at 8 AM
of EMR day. Sera were stored at —70°C until assayed.
PGI, PGII, and amidated gastrin-17 concentrations were
measured in duplicate using specific enzyme immuno-
assay kits (Pepsinogen-I, Pepsinogen-II, and Gastrin-17
EIA Test Kits; Biohit Plc, Helsinki, Finland) according to
the manufacturer’s instructions.

6. Statistical analysis

Categorical variables were compared using chi-square or
Fisher’s exact tests. Continuous variables were presented
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as mean=standard deviation, and compared by analysis of
variance or the Kruskal-Wallis test. Optimal cut-off values
and performance (sensitivity, specificity, predictive values,
and accuracy) of PGI concentration and PGI/II ratio were
calculated from receiver-operating characteristic (ROC)
curves and 95% confidence intervals (CI). The areas un-
der the ROC curves were used to determine the discrim-
inatory ability of PGI and PGI/IL. Statistical analyses were
performed using SAS software version 9.1 (SAS Institute
Inc., Cary, NC, USA). All statistical calculations were
two-sided, and p<0.05 indicated statistical significance.

RESULTS

1. Patient characteristics

From December 2006 to September 2007, 197 consec-
utive patients were screened for eligibility and 142 pa-
tients were enrolled. Fifty-five patients were excluded: 33
because of absence of H. pylori infection, 11 with severe
concomitant illness, 6 with previous H. pylori eradication
therapy, and 5 with administration of acid-suppressive
drugs.

Of the screened subjects, 83.0% were sero-positive for
anti-H. pylori IgG. Multiple synchronous lesions, either
dysplasias or adenocarcinomas, were observed in 26 pa-
tients (18.3%): 16 had two lesions, 9 had three lesions,
and 1 had four lesions. Of the 84 lesions with low-grade
dysplasias on biopsy-based pathology, 16 were found to
be high-grade dysplasias and 6 were adenocarcinomas on
EMR pathology. Baseline characteristics of the study sub-
jects are summarized in Table 1.

2. Serum PG profiles according to the pattern of
chronic gastritis

Serum concentrations of PGI and the PGI/II ratio were
lower in patients with corpus-dominant gastritis (Table

Table 1. Baseline Characteristics of the Study Subjects

No. 142
Age, yr 63.3+8.2
Gender, male 99 (69.7)
Family history of gastric cancer 25 (17.6)
Smoking 84 (59.2)
Alcohol consumption 48 (33.8)
Multiple lesions 26 (18.3)
Histology of tumors, total 179 (100)
Low-grade dysplasia 92 (51.4)
High-grade dysplasia 26 (14.5)
Adenocarcinoma 61 (34.1)
Tumors in corpus 31 (21.8)

Values are presented as mean=SD or number (%).

2), in which mean values were 42.9 #g/L PGI and a
PGI/Il ratio of 3.5, compared with those with an-
trum-dominant (PGI, 107.0+49.8 £ g/L, p<0.01; PGI/I],
5.1+2.1, p=0.01) or pan-gastritis (PGI, 80.9+49.8 xg/L,
p<0.01; PGI/1I, 4.2+2.3, p=0.10). There was a step-wise
decrease in PGI and PGI/II levels with progression from
antrum-dominant to corpus-dominant gastritis. Tumors
were located more often in the corpus in patients with
corpus-dominant gastritis (36.6%) than in those with an-
trum-dominant gastritis (9.5%) and pan-gastritis (17.5%)
(p=0.02).

3. Serum PG profiles according to histologic ex-
tent of gastric atrophy

Because there were no differences in the low PGI and
PGI/II levels between patients with atrophy on the lower
and upper sites of the corpus GC (PGI, 51.3%+34.4 «g/L
vs 40.6+41.0 #g/L, p=0.79; PGI/II, 3.2+1.7 vs 3.0£1.8,
p=0.82), we combined the two groups. Table 3 shows
changes in PG profiles according to topographic extent of
gastric atrophy. Serum concentrations of PGI and the
PGI/II ratio were significantly lower in patients with atro-
phy involving the corpus GC (PGI, 44.3+38.8 1g/L;
PGI/II, 3.1%1.7) than in patients in whom the atrophic
extent was limited to the corpus LC (PGI, 98.9+49.3 ng/L;
PGI/I, 4.9+2.4; both p<0.01) or antrum LC (PG,
94.9+55.7 ng/L; PGI/II, 5.6%2.2; both p<0.01). In agree-
ment with initial assumption, most patients with atrophy
on the corpus GC had atrophy on the antrum (90.0%) or
corpus LC (96.7%). For corpus location of tumors, the
frequency did not differ between the groups.

Table 2. Pepsinogen Profiles according to Histologic Pattern of
Chronic Gastritis (n=142)

Antrum- Pan- Corpus-

dominant gastritis dominant*
No. 21 80 41
Age, yr 62.7+8.2 63.2+8.2  63.7+8.5
Gastrin-17, pmol/L 7.1x7.9 10.1x12.0 14.6x17.6
Pepsinogen I, rg/L 107.0+49.8 80.9+49.8 42.9+42.6
Pepsinogen II, «g/L 23.5x11.9 20.6=12.3 12.0%7.1
Pepsinogen I/1I 51%2.1 4.2+2.3 3.5+%2.4
Tumors in corpus, 2 (9.5) 14 (17.5) 15 (36.6)

n (%)

Continuous variables are shown as mean=SD.

*Pepsinogen I and I/II levels are lower in patients with
corpus-dominant ~ gastritis compared with those with
antrum-dominant (pepsinogen I, p<0.01; pepsinogen I/II,
p=0.01) or pan-gastritis (pepsinogen I, p<0.01; pepsinogen
I/11, p=0.10).
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Table 3. Pepsinogen Profiles according to the Topographic
Extent of Gastric Atrophy (n=134)*

Extent of atrophy

Antrum Corpus LC  Corpus ac’
No. 14 60 60
Age, yr 60.4+8.5 63.1+8.2 64.2+7.9
Gastrin-17, 3.8+£3.0 10.1+£11.0  13.5+16.9
pmol/L
Pepsinogen I, 94.9£55.7 98.9+49.3  44.3x38.8
ung/L
Pepsinogen 1I, 17.3+10.3 22.4x12.4 14.7+10.2
ng/L
Pepsinogen 1/11 5.6x2.2 4.9+2.4 3.1x1.7
Tumors in corpus, 1 (7.1) 13 (21.7) 16 (26.7)

n (%)

Continuous variables are shown as mean=SD.

LC, lesser curvature; GC, greater curvature.

*In eight patients, biopsy samples were inadequate to evaluate
gastric atrophy; ' Patients with corpus GC atrophy show signi-
ficantly lower pepsinogen I and I/II levels than those in whom
the atrophic extent was limited to the corpus LC (p<0.01) or
antrum LC (p<0.01).

4. Performance of PGl and PGI/Il to predict atro-
phy on the corpus GC

We investigated the optimal cut-off points and perform-
ance of PGI concentration and PGI/II ratio to detect the
presence of atrophy on the corpus GC (Table 4, Fig. 1).
We found that discriminatory ability did not differ be-
tween PGI and PGI/II values, with areas under the ROC
curves of 0.82 and 0.77, respectively (p=0.24). The opti-
mal PGI cut-off concentration was 59.3 1g/L, with a sen-
sitivity of 83.3% (95% CI, 71.5% to 91.7%) and a specif-
icity of 78.4% (95% CI, 67.3% to 87.1%). The optimal
cut-off PGI/II ratio was 3.5, with a sensitivity of 70.0%
(95% CI, 56.8% to 81.1%) and a specificity of 78.4%
(95% CI, 67.3% to 87.1%). The PGI concentration had
positive predictive value of 75.8% (95% CI, 65.4 to 86.1),
a negative predictive value of 85.3% (95% CI, 76.9 to
93.7), and an accuracy of 80.6% (95% CI, 73.9 to 87.3).

5. Association of low PGI level and PG/l ratio
with corpus location of gastric tumors

Using a level of 59.3 1£g/L PGI as a serologic cut-off for
corpus GC atrophy, we found that 32.9% of patients with
PGI <59.3 #g/L and 11.1% of those with PGI >59.3 g/L
had tumors located in the corpus part of the stomach
(p=0.04). Using a cut-off of 3.5 for the PGI/II ratio, we
found that 31.1% of patients with PGI/Il <3.5 and
14.8% of patients with PGI/Il =3.5 had tumors in the
corpus (p=0.02). Significant differences were also ob-

Table 4. Usefulness of the Pepsinogen I Level and the
Pepsinogen I/II Ratio in Predicting Atrophy of the Corpus
Greater Curvature

Pepsinogen I Pepsinogen 1I/1I

Area under the ROC curve 0.82 (0.75-0.88) 0.77 (0.69-0.84)
Optimal cult-off value 59.3 ng/L 3.5

Sensitivity, % 83.3 (71.5:91.7) 70.0 (56.8-81.1)
Specificity, % 78.4 (67.3-87.1) 78.4 (67.3-87.1)
Positive predictive 75.8 (65.4-86.1) 71.9 (60.3-83.6)

value, %
Negative predictive 85.3 (76.9-93.7) 75.3 (65.7-85.0)
value, %
Accuracy, % 80.6 (73.9-87.3) 73.9 (66.4-81.3)

Parentheses, 95% confidence intervals.
ROC, receiver-operating characteristic.
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Fig. 1. Receiver operating characteristic curves of the

pepsinogen I level and pepsinogen I/II ratio for discriminating
atrophy of the corpus greater curvature.

served using proposed cut-off points of 25.0 «#g/L for PGI
(34.3% vs 17.8%; p=0.04) and a PGI/II ratio of 3 (32.7%
vs 15.6%; p=0.02).'"*"

DISCUSSION

In this study, low PGI and PGI/II levels are valuable se-
rologic markers for the presence of extensive atrophy in-
volving the corpus GC in patients undergoing EMR with
early gastric tumors. The clinical implication of the low
PGI and PGI/II in this patient-population is that serologic
atrophy, determined by optimal PGI and PGI/II cut-offs,
is associated with corpus location of early tumors.

Serum PGI concentration decreases with the progression
of gastric corpus atrophy because of the loss of chief cells
in the fundic glands. As the concentration of PGII re-
mains fairly constant, the PGI/II ratio also decreases.



Song HJ, et al: Pepsinogen I and I/Il for Extensive Corpus Atrophy 479

Hence, a low PGI level and PGI/II ratio have been used
in clinical practice as noninvasive functional markers for
chronic corpus gastritis or atrophy.®

Discriminative abilities of PG profiles as biomarkers,
however, can be affected by reference histology, biopsy
protocols, and the purpose of clinical applications.”’ These
also depend on PG test methodologies, such as radio-
immunoassay or enzyme immunoassay, and demographic
factors including sex, age, smoking, drinking, and dietary
habits. In addition, gastric mucosal inflammation in-
creases secretion of PGI and PGII from the chief cells,
caused by cytokines, signal mediators, or H. pylori
1 These could explain various cut-off values of
serum PG profiles in different populations. For instance,
in Japan, the proposed cut-off points to determine atro-
phy and gastric cancer risk are 70 2g/L for PGI and 3.0

infection.

for PGI/II ratio.”* In European countries, the cut-off val-
ues are 25 1g/L PGI and 3.0 PGI/IL'®" Therefore, in use
of the PG profiles as CAG markers, the performance or
feasibility of low PGI concentration and PGI/II ratio
should be validated by different clinical settings.

Using a biopsy protocol exploring the corpus atrophic
extent in EMR patients with prolonged H. pylori infection,
we found that both a low PGI and PGI/II were suitable
markers for corpus-dominant chronic gastritis. A low PGI
level and the PGI/II ratio were indicative of advanced
atrophy involving the corpus GC, as opposed to atrophy
limited to the corpus LC or antrum. In addition, our find-
ings in an EMR patient-population suggest that the opti-
mal cut-off values for identification of atrophy in the cor-
pus GC are 60xg/L of PGI and 3.5 for PGI/II ratio.
Although these values are comparable to those used in
other populations, they should be further validated by ad-
ditional population-based studies.

EMR is a widely accepted treatment modality for ear-
ly-stage gastric tumors because of minimal invasiveness
and good long-term survival outcomes.'>*® With the in-
creasing use of EMR for gastric tumors, however, some
EMR-related clinical issues have emerged. These include
tumor location in the upper part of the stomach, tumor
multiplicity, and the need for surveillance for pre-existing
advanced atrophy in the remnant stomach. Since the pre-
ventive effects of H. pylori treatment on metachronous le-
sions depends on the degree of atrophic injury present in
the surrounding remnant mucosae, reliable indicators of
CAG stage are required for long-term management of
these EMR patients. A low PGI and PGI/Il have some
clinical implications for detection of early-stage gastric tu-
mors, given the premalignant cascade from atrophy to
dysplasia and intestinal-type gastric cancer.””*® A Finnish
study reported that 89% of tumors from patients screen-

ed by a low serum PGI were dysplasias or early-stage
carcinomas.” In a Japanese study, 30 of 43 gastric cancer
lesions developed in atrophic PG groups during the fol-
low-up period, with most of these lesions being differ-
entiated early gastric cancers, and 23 of these patients
were treated by EMR.” A Korean study also showed that
patients with intestinal-type cancers had significantly low-
er serum PGI concentrations than did patients with dif-
fuse-type cancers.”” These results suggest that screening
by a low serum PGI level may contribute to the early de-
tection of EMR-eligible gastric tumors.

Another important issue in diagnosing EMR-eligible
early lesions is tumor location. The risk of tumor devel-
opment in the upper part of the stomach is proportional
to the progression of atrophic extent.***” A Finnish
study demonstrated an association between tumor loca-
tion and the site of atrophic gastritis, in that 80% of neo-
plastic lesions were located in the proximal part of the
unoperated atrophic stomach.” Further, endoscopic ex-
amination and intervention are difficult in the corpus por-
tion because of the oblique view and the relief of the gas-
tric folds. Our results suggest that use of a low PGI or
PGI/II to predict corpus lesions would aid in endoscopic
examination and minimize the likelihood of missing early
tumors located in the upper part of the stomach.

In conclusion, low PGI level and PGI/II ratio are val-
uable markers predicting extensive atrophy involving the
corpus GC. Serologic atrophy, defined by a low PGI or
PGI/IL, is closely associated with the corpus location of
tumors in EMR patients. Further investigations of optimal
cut-off points and the utility of PG profiles are required,
using population-based studies.
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