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Abstract

Background
Serum pepsinogen (PG) levels correlate with the degree of gastric mucosal in�ammation and atrophy,
which correlate with gastric cancer risk, in patients infected with Helicobacter pylori (H. pylori). Serum PG
levels change after eradication of H. pylori, but it is not known if there are corresponding changes in the
gastric mucosa. We examined whether the degree of gastric atrophy correlated with PG levels measured
after eradication of H. pylori.

Methods
We retrospectively examined the relationship between gastric atrophy and serum levels of PG I, PG II and
PG I/II ratios measured after eradication of H. pylori. The degree of gastric mucosal atrophy before H.
pylori eradication was scored (0, 1, 2) according to the Kyoto classi�cation of gastritis.

Results
A total of 430 treated patients were enrolled. Serum levels of PG I (ρ = − 0.362 and P < 0.001), PG II (ρ = − 
0.158 and P = 0.001) and PG I/II ratio (ρ = − 0.337 and P < 0.001) all correlated negatively with atrophy
scores. When PG I/II was less than 3.4, 5.4 or 6.7, the probability of the open type of gastric atrophy was
estimated to be 75%, 50%, or 25%, respectively.

Conclusion
Our results suggest that serum PG levels measured after H. pylori eradication can be used to estimate the
degree of gastric mucosal atrophy and are useful for selecting individuals with a high risk of gastric
cancer after H. pylori eradication.

Background
Gastric cancer (GC) is the third-most common cause of cancer-related mortality worldwide1. Helicobacter
pylori (H. pylori) is one of the main causes of GC2. The Kyoto global consensus report on H. pylori
gastritis recommends that all individuals with H. pylori infection receive eradication therapy to prevent
GC3,4. In Japan, health insurance has covered eradication therapy in all patients infected with H. pylori
since 2013, and infection have been cleared in many patients. Although the risk of GC is decreased by H.
pylori eradication5-8, gastric cancer risk nevertheless remains high in subjects with severe gastric
atrophy9. Therefore, a biomarker for severe gastric atrophy that can be used after eradication of H. pylori
would be useful.
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Endoscopic screening is useful not only to detect GC in the early stage but also to evaluate the GC risk
based on �ndings in the gastric mucosa. Annual endoscopic screening is expected to reduce the number
of deaths due to GC10. Although the Japanese government has decided to introduce endoscopic GC
screening nationwide, not all candidates for examination undergo screening. Some patients hesitate to
undergo endoscopy because of its invasiveness. Moreover, some patients may be precluded from
endoscopy due to insu�cient medical resources. A noninvasive cost-effective tool that selects subjects at
higher risk of severe gastric atrophy would therefore make screening more attractive and e�cient.

Serum pepsinogen (PG) levels are well known to re�ect the severity of gastric mucosal atrophy and
in�ammation in patients infected with H. pylori. Low serum PG I levels and low PG I/II ratios can predict
the grade of gastric mucosal atrophy and individual risk of GC development11, and are used to select the
patients at the highest risk of gastric cancer for combination assay for anti-H. pylori IgG antibody12.

PGI and PG II are known to decrease, and PG I/II ratio to increase, as gastric mucosal in�ammation
improves post-treatment13. To evaluate gastric cancer risk, serum levels of PGs should ideally be
measured before eradication of H. pylori, but most patients undergo eradication therapy without
pretreatment measurement of serum levels of PGs. It is di�cult to apply the original diagnostic criteria of
serum PGs to subjects with successful eradication of H. pylori because the relationship among
posttreatment serum PGs, gastric atrophy, and gastric cancer risk has not been fully studied.

The Kyoto classi�cation of gastritis14 was established in 2015 to characterize gastric mucosa infected
with H. pylori, gastric mucosa after eradication of H. pylori, and gastric mucosa never infected with H.
pylori. This classi�cation is also useful for the evaluation of gastric cancer risk15. Of several parameters
used to describe the type and grade of gastritis, atrophy is one of the most important parameter linked to
gastric cancer risk. However, the relationship between the Kyoto classi�cation of gastritis and serum PGs
has not been clari�ed.

Here, to examine whether serum PG levels are useful for estimating the degree of residual gastric
mucosal atrophy, we examined the relationship between posttreatment serum PG levels and gastric
mucosal atrophy using the Kyoto classi�cation 14.

Methods
Study design and oversight

The study was conducted under a retrospective design. The primary end point was to evaluate the
relationship between the degree of gastric atrophy found by endoscopy and posttreatment serum levels
of PG I and PG II and the PG I/II ratio. The secondary end point included whether serum PGs measured
after eradication of H. pylori can be used to predict the grade of gastric atrophy.

The protocol was in advance approved by the ethics committee of Hamamatsu University School of
Medicine (R19-188).



Page 5/14

The �rst draft of the manuscript was written by the �rst author with corresponding author. Then, English
medical writers (G.H., L.C.) revised the manuscript. Before submission, all authors reviewed and revised
the manuscript. The decision of the submission of the manuscript for publication was made by all
authors.

Subjects

The cases of 1207 patients who had visited the H. pylori-speci�c outpatient unit of the hospital of
Hamamatsu University School of Medicine (1-20-1, Handayama, Higashi-ku, Hamamatsu, 431-3192,
Japan) from August 2010 to December 2018 were screened from the medical records. Written informed
consent for the use of their treatment results for medical research was obtained from each of all patients
at the �rst visit to the hospital.

Patients were included if they had undergone esophagogastroduodenoscopy (EGD) before H. pylori
eradication and measurement of serum levels of PG I and II after H. pylori eradication, and excluded if
they had total or partial gastrectomy, H. pylori eradication failure, or had never been infected with H.
pylori.

Patients underwent EGD, which included careful investigation of the esophagus, stomach, and duodenum
and of the status of H. pylori infection-associated gastric atrophy. H. pylori infection was con�rmed by a
rapid urease test (RUT) (Helico Check; Otsuka Pharmaceutical Co. Ltd., Tokyo, Japan). Gastric atrophy
was divided into closed or open types based on the Kyoto classi�cation of gastritis. An atrophy score of 0
(A0) implies atrophy limited to the antrum (C0–CI according to the Kimura-Takemoto classi�cation16). An
atrophy score of 1 (A1) implies that the atrophic area was limited to the body but did not include the
cardia (C-II–C-III according to the Kimura-Takemoto classi�cation). An atrophy score of 2 (A2) means
atrophy area extending from the antrum to over the cardia (OI–OIII according to Kimura-Takemoto
classi�cation). A0 plus A1 atrophy corresponds to the closed type of atrophic gastritis and A2
corresponds to the open type of atrophic gastritis, based on the Kimura-Takemoto classi�cation.

Patients infected with H. pylori underwent eradication therapy. One to two months after therapy, they
underwent another H. pylori [13C]-urea breath test (UBT) to assess whether eradication was successful.

Serum pepsinogen

Blood samples were collected from subjects in the morning 6–24 months after H. pylori eradication.
Serum levels of PG I and PG II (LZ-PEPSINOGEN I and II, Eiken Chemical Co., Ltd., Tokyo, Japan) were
measured. All blood samples were centrifuged immediately after collection at 3000 rpm. Serum samples
were stored at −20°C until analysis. All measurements were performed at a commercial laboratory (SRL,
Inc., Kanagawa, Japan).

Statistical analysis
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Whether medians of PG I, PG II and PG I/II ratio correlated with the atrophy scores were assessed by
Spearman’s rank correlation coe�cient. The relationship between the atrophy score and PGs was
determined using the Kruskal Wallis test followed by the Mann-Whitney U-test. We analyzed the
relationship of serum PG I/II ratio and the probability of open or closed types of gastric atrophy using
Kaplan Meier curves. Statistical calculations were performed with commercial software (SPSS version 25;
IBM SPSS, Chicago IL, USA). All P values were two-tailed, and P < 0.05 indicated statistical signi�cance.

Results
Clinical characteristics of subjects

A total of 1207 cases were screened. Of them, 430 cases whose serum levels of PG I and II were
measured after H. pylori eradication and whose endoscopic �ndings of gastric mucosa were recorded
before H. pylori eradication were selected for the analyses (Figure 1). Clinical characteristics of these
cases are summarized in Table 1.

Comparison of median serum PG levels

Median (with range) serum PG I levels (ng/mL) measured after eradication of H. pylori in patients with
atrophy scores of 0, 1, and 2 of atrophy scores were 44.1 (26.8–96.7), 40.6 (7.3–368.0) and 28.4 (2.0–
225.0), respectively (Figure 2a). Serum PG II levels were 8.4 (6.2–16.7), 7.9 (2.0–63.0) and 6.9 (2.4–36.9),
respectively (Figure 2b). PG I/II ratios were 4.9 (4.0–8.1), 5.2 (1.1–9.1) and 4.0 (0.4–11.0), respectively
(Figure 2c). Results showed a negative correlation: the higher the atrophy score, the lower the PG I, PG II,
and PG I/II values.

Serum levels of PG I, PG II and PG I/II ratio levels measured after eradication of H. pylori were all
negatively correlated with atrophy score (PG I:r = −0.362, P < 0.001; PG II: r = −0.158, P = 0.001; PG I/PG II
ratio: r = −0.337, P < 0.001).

We analyzed these data using Kaplan Meier curves to predict the values for open type atrophy (Figure 3a,
3b and 3c).

ROC Curves are shown in Figure 4. Of the three parameters, the PG I/II ratio was the best to estimate the
risk for open atrophy. When the posttreatment serum PG I/II ratio measured < 3.4, the probability of open
type atrophy was > 75% (Figure 5 and Table 2). When serum PG I/II ratio was approximately 5.4, the
probability of open type atrophy was approximately 50%. When serum PG I/II ratio was > 6.7, the
probability of open type atrophy was < 25%. Similar phenomenon was observed for PG I and PG II.
Accordingly, serum PGs could be used to predict the probability of the grade of gastric mucosal atrophy.

Discussion
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We found that serum PG levels measured after eradication of H. pylori were useful in predicting the
degree of gastric mucosal atrophy. We demonstrated that serum levels of PG I, PG II and PG I/II ratio
measured after eradication of H. pylori each differed between the groups with close and open types of
gastric atrophy, that as gastric atrophy progressed, they were decreased, as observed in serum PG levels
measured before eradication of H. pylori and that the PG I/II ratio was most useful of the three markers in
estimating the possibility of open gastric atrophy.

The serum levels of PG I and PG II both decreased posttreatment17. As the degree of decrease of PG II
levels was greater than that of PG I, the PG I/II ratio increased after treatment 18. After H. pylori
eradication, the mucosal in�ammation improved, then the in�uence of in�ammation on serum PG levels
would be decreased. Therefore, serum PG levels measured after eradication of H. pylori are considered to
purely express the degree of the gastric mucosal atrophy. Because the open type of gastric atrophy is
associated with a higher risk of gastric cancer than the closed type 2, serum PG levels measured after
treatment may also be useful in selecting patients at an elevated risk of gastric cancer.

Haneda et al.19 reported that a serum PG I/II ratio ≤ 4.5 is a useful cutoff to select those at risk for gastric
cancer after eradication of H. pylori. The sensitivity of this cutoff value for the development of gastric
cancer after eradication of H. pylori was reported to be 65.9%. In their study, sensitivity in identifying
gastric cancer by the PG method was 48.9%. Therefore, serum PGs measured after eradication of H.
pylori were considered as useful as those measured before eradication. The number of studies on the
usefulness of serum PGs measured after treatment is still very low, and further studies are needed.

In this study, we demonstrated that the probability of open gastric atrophy could be estimated by serum
PG I/II ratio measured after eradication of H. pylori. Usually, the optimal cutoff value is set to select the
subjects at highest gastric cancer risk 19-21. However, there are some patients who could not be selected
based on the cutoff value. By indicating the individual risk for severe gastric atrophy by percentage, each
patient may better understand the condition of his or her own stomach, and be more amenable to
endoscopic follow up.

In Japan, endoscopic examination for gastric cancer is widespread, but resources are limited, indicating
the need for risk strati�cation. The evaluation of gastric cancer risk based on the endoscopic �ndings of
gastric mucosa is useful. Endoscopy is operator-dependent. Gastrography is also useful in evaluating
gastric atrophy. However, gastrography is thought to be inferior to endoscopy with regard to the detection
rate of gastric cancer in the early stage. Serum PGs before eradication of H. pylori have been considered
useful in evaluating gastric cancer risk objectively. In the present study, serum PGs measured after
eradication of H. pylori were demonstrated to be useful in estimating gastric atrophy, and may contribute
to the selection of candidates for gastric cancer screening by endoscopy.

This study had some notable limitations. First, the observation period was 6–24 months. It is unknown
whether PG levels measured a substantial period after eradication of H. pylori are accurate predictors of
risk. Second, we measured serum PG levels in the morning only, although there is circadian variation in
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serum pepsinogen levels. Third, our subjects were all Japanese. Fourth, the study was conducted under a
single-center retrospective design. Finally, our study results were obtained from the training set data and
must be veri�ed by the validation set. Given these limitations, our study should be considered preliminary,
and further prospective multicenter studies are needed to clarify the utility of serum pepsinogens
measurement after eradication of H. pylori.

Conclusion
We reported the utility of a gastric atrophy risk strati�cation system using serum PGs measured after
eradication of H. pylori. The serum PG I/II ratio was the most useful marker for the estimation of gastric
atrophy. Although it is desirable to examine PG levels before eradication, objective evaluation of gastric
cancer risk after eradication of H. pylori is possible using serum PGs, and may be of clinical importance if
it encourages at-risk individuals to participate in gastric cancer screening. We expect that further clinical
studies will be performed to demonstrate the clinical importance of serum PGs measurement after
eradication of H. pylori, and that measurement will be incorporated into daily clinical practice.
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Tables
Table 1. Demographic and clinical characteristics of 430 cases.

Sex (F/M) 205:225

Age, y (median with range) 61 (17–87)

PG I, ng/mL (median with range) 33.8 (2.0–368.0)

PG II, ng/mL (median with range) 7.3 (2.0–63.0)

PG I/II ratio (median with range) 4.6 (0.4–11.0)

Anti-Hp IgG antibody, U/ml (median with range) 23.0 (0.3–173.0)

Gastric atrophy grade (0, 1, 2) 17: 155: 258

 

Table 2. The predicted probability of the grade of gastric mucosal atrophy.

Atrophy Closed to open

  25% 50% 75%

PG I (ng/mL) 69.8 41.0 22.9

PG II (ng/mL) 11.0 8.1 6.3

PG I/II ratio 6.7 5.4 3.4

Figures
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Figure 1

Flow of enrollment of patients into the study.

Figure 2
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Relationship between atrophy score (0, 1, 2) and serum levels of PG I (a) and PG II (b), and PG I/II ratio
(c).

Figure 3

Relationship between serum PGs (a: PG I, b: PG II, c: PG I/II ratio) and predictive value for open gastric
atrophy.
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Figure 4

ROC analyses of PG I, PG II and PG I/II ratio as markers to distinguish open gastric atrophy from the
closed type.

Figure 5

Estimation of the probability of gastric atrophy by serum PG I/II ratio measured after eradication of H.
pylori.


