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Abstract
AIM: To investigate screening makers for gastric can-
cer, we assessed the association between gastric can-
cer and serum pepsinogens (PGs).

METHODS: The subjects comprised 450 patients with 
gastric cancer, 111 individuals with gastric atrophy, and 
961 healthy controls. Serum anti-Helicobacter  pylori  (H. 
pylori ) immunoglobulin G (IgG), PGⅠand PG Ⅱ were 
detected by enzyme-linked immunosorbent assay. 
Gastric atrophy and gastric cancer were diagnosed by 
endoscopy and histopathological examinations. Odds 
ratios and 95%CIs were calculated using multivariate 
logistic regression.

RESULTS: Rates of H. pylori  infection remained high in 
Northeastern China. Rates of H. pylori  IgG positivity were 
greater in the gastric cancer and gastric atrophy groups 
compared to the control group (69.1% and 75.7% vs 
49.7%, P < 0.001). Higher levels of PG Ⅱ (15.9 µg/L 
and 13.9 µg/L vs  11.5 µg/L, P  < 0.001) and lower PGⅠ/
PG Ⅱ ratio (5.4 and 4.6 vs  8.4, P  < 0.001) were found in 
patients with gastric cancer or gastric atrophy compared 
to healthy controls, whereas no correlation was found 
between the plasma PGⅠconcentration and risk of gas-
tric cancer (P  = 0.537). In addition, multivariate logistic 
analysis indicated that H. pylori  infection and atrophic 
gastritis were independent risk factors for gastric can-
cer. Lower plasma PGⅠ/PG Ⅱ ratio was associated with 
higher risks of atrophy and gastric cancer. Furthermore, 
plasma PG Ⅱ level significantly correlated with H. pylori -
infected gastric cancer. 

CONCLUSION: Serum PG Ⅱ concentration and PG
Ⅰ/PG Ⅱ ratio are potential biomarkers for H. pylori -
infected gastric disease. PG Ⅱ is independently associ-
ated with risk of gastric cancer. 
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INTRODUCTION
Gastric cancer remains the third leading cause of  cancer 
death in China[1]. Helicobacter pylori (H. pylori) and gastric 
atrophy have both been identified as etiological factors 
for gastric cancer. However, screening and eradication 
of  H. pylori in the general population is not advised 
because the cost of  programs outweighs the modest ef-
fect on reduced incidences of  gastric cancer. Therefore, 
identification of  patients with the early stage gastric 
cancer could improve treatment and survival. Gastric at-
rophy, the precancerous lesion of  gastric cancer, can be 
diagnosed by histological examination, and measurement 
of  serum concentration of  pepsinogens (PGs). Levels 
of  two biochemically and immunologically distinct types, 
PGⅠand PG Ⅱ, indicate different status of  gastric mu-
cosa. Serum PG level screening can be carried out at low 
cost in countries with high and moderate incidences of  
gastric cancer, such as Japan and China[2].

Most studies have demonstrated that low concentra-
tions of  PGⅠand low PGⅠ/PG Ⅱ ratios in the serum 
or plasma are indicators of  atrophic gastritis, which are 
linked with elevated gastric cancer risk[3-5]. However, few 
studies have assessed correlations between PG Ⅱ and 
gastric cancer risk[6,7]. It is well known that H. pylori infec-
tion leads to development of  both atrophic gastritis and 
gastric cancer. Detection of  serum anti-H. pylori immu-
noglobulin G (IgG) antibodies and screening for gastric 
atrophy and gastric cancer at an early stage are important 
for clinical assessments and interventions[8,9]. Absence 
of  data on H. pylori infection and serum PG levels are 
available in large epidemiological surveys. To identify 
relationships between gastric mucosal lesions and serum 
PG levels, we carried out an assessment of  PGⅠand PG 
Ⅱ levels, PGⅠ/PG Ⅱ ratio and risk of  gastric cancer in 
a cross-sectional study. 

MATERIALS AND METHODS
Study participants
Four hundred and fifty patients with gastric cancer were 
selected from the Department of  Gastric and Colorec-
tal Surgery, and Department of  Gastroenterology, First 
Hospital of  Jilin University, from 2008 to 2010. All 
gastric cancer patients underwent tumor resection with 
histologically confirmed diagnosis of  gastric adenocar-
cinoma. From 2009 to 2010, gastric atrophy cases and 
healthy controls were recruited from the check-up center 
of  the same hospital. The subjects were of  Han descent 
from the Changchun region. A total 1109 subjects (644 
male and 465 female, aged 35-80 years) participated in 
the study. Gastric atrophy was diagnosed by endoscopy 
and histopathological examinations. Written informed 
consent was obtained from all subjects and the study 
protocol was approved by the Ethics Committee of  the 
First Hospital, Jilin University.  

Sampling and determination of serum
Fasting blood was taken for all participants and serum 

was collected and stored at -80 ℃. In the gastric cancer 
group, the samples were collected before surgery. Serum 
PGⅠand PG Ⅱ levels were measured by enzyme-linked 
immunosorbent assay (ELISA) (Biohit ELISA kit, Bio-
hit, Helsinki, Finland). Serum IgG antibodies to H. pylori 
were detected by ELISA using an H. pylori-IgG ELISA 
kit (Biohit). The antibody titers were defined by optical 
density values according to the manufacturer’s protocol 
and titers higher than the cutoff  value of  30 EIU were 
considered as positive for H. pylori infection. The quality 
control sample showed a coefficient of  variation (CV) 
of  6.4%. For the pooled plasma samples the CV was 
4.5%. According to the Chinese guidelines for diagnosis, 
patients are considered to have atrophic gastritis if  PG
Ⅰis ≤ 82.3 µg/L and PGⅠ/PG Ⅱ ratio is ≤ 6.05[10]. 
The quality control samples showed CVs of  4.5%, 4.3% 
and 4.7% for H. pylori, PGⅠand PG Ⅱ, respectively. All 
suspected cases with gastric atrophy by serum screening 
were re-determined by endoscopic biopsy and histologi-
cal examinations.

Statistical analysis
The data did not fit a normal distribution, therefore, we 
used the Wilcoxon rank sum test to compare medians 
(quartiles) between the two groups. The χ 2 test was used 
to compare multiple sample rates. Non-conditional lo-
gistic regression analysis was used to calculate the odds 
ratio of  risk-related factors for gastric cancer and its 
95%CI. Two tailed P values < 0.05 were considered as 
statistically significant. All statistical analysis were carried 
out by SPSS version 18 software.

RESULTS
There were 450 patients with gastric cancer (324 male and 
126 female, aged 35-80 years). Sixty-four cases were cat-
egorized as tumor-node-metastasis stageⅠ(14.2%), 182 as 
stage Ⅱ (40.4%), 145 as stage Ⅲ (32.2%), and 59 as stage 
Ⅳ (13.1%). Among the 1109 participants, 148 individuals 
were screened for gastric atrophy using serum PG exami-
nation and 111 patients were confirmed with gastric atro-
phy by biopsy and histopathological examinations. Seven-
teen subjects were diagnosed with pseudopositive gastric 
atrophy and excluded from the study; 20 participants who 
rejected endoscopic examinations were also excluded. 
The remaining 961 individuals were included in the con-
trol group. The mean age was older in the gastric cancer 
group than in the gastric atrophy and control groups. The 
subject characteristics are summarized in Table 1. 

H. pylori infection
H. pylori-positive rates in the gastric cancer and gastric 
atrophy groups were significantly higher compared to 
those in the control group (69.1% and 75.7% vs 49.7%, P 
< 0.001). The H. pylori infection rates were higher in the 
45-65 years group compared to those aged < 45 years 
or > 65 years. Among the 450 gastric cancer patients, H. 
pylori infection rate was higher in those with stageⅠand 
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stage Ⅱ disease, compared to those with stage Ⅲ and Ⅳ 
disease (73.6% vs 63.7%, P = 0.02). There were no corre-
lations found between H. pylori infection and pathologi-
cal type, tumor site, and differentiation of  tumors (well-
differentiated 50%, mild differentiation 69.8%, and poor 
differentiation 72.9%, P = 0.47). 

PG levels
The median (interquartile range; IQR) PGⅠand PG 
Ⅱ levels, and the ratio of  PGⅠ/PG Ⅱ in the controls 
were 92.6 µg/L (75.0-116.1), 11.5 µg/L (7.1-18.4), and 
8.4 µg/L (6.1-11.1), respectively. PG Ⅱ level in the gas-
tric cancer group was significantly higher than that in the 
control group (P < 0.001), whereas the PGⅠ/PG Ⅱ 
ratio showed a marked decline (P < 0.001) (Table 2). 
However, no statistically significant difference was found 
in PGⅠlevel between the two groups (P = 0.532). In 
the control group, a higher PGⅠlevel was detected in 
patients with H. pylori infection compared to H. pylori-
negative patients (median: 99 vs 78.9 µg/L, P < 0.001).

Median (IQR) levels of  PGⅠand PG Ⅱ, and PGⅠ
/PG Ⅱ ratio were 94.4 µg/L (38.9-148.8), 13.3 µg/L 
(7.7-22.5) and 6.2 (3.5-10.0) µg/L for 139 H. pylori-
negative gastric cancer patients, respectively. Median 
(IQR) levels of  PGⅠand PG Ⅱ, and PGⅠ/PG Ⅱ ratio 
were 92.2 µg/L (53.0-145.3), 18.4 µg/L (10.4-30.0) and 
5.1 µg/L (3.5-7.2), respectively, for 311 H. pylori-positive 
gastric cancer patients. The difference in PG Ⅱ level and 
PGⅠ/PG Ⅱ ratio was significant (P = 0.01) between 
H. pylori (-) and H. pylori (+) subjects. However, no sig-
nificant difference in PGⅠconcentrations was found 
between H. pylori (-)and H. pylori (+) cases in the gastric 
cancer group (92.2 µg/L vs 94.4 µg/L, P = 0.96) (Table 3). 
In addition, serum PGⅠconcentration was significantly 
lower in patients with stage Ⅲ and Ⅳ tumors compared 
to stageⅠand Ⅱ (Table 4). 

DISCUSSION
Serum PGⅠis produced by chief  cells and mucous neck 
cells of  gastric fundic glands, while PG Ⅱ is produced 

by those cells and also by pyloric glands and Brunner’s 
glands[11]. Atrophic gastritis, characterized by loss of  the 
specialized cells and glands in the stomach, is considered 
as a gastric cancer precursor lesion[12]. Serum PG levels, 
pepsin precursors, reflect the functional and morphologi-
cal status of  the gastric mucosa. It is widely accepted in 
gastric H. pylori infection that the fundic gland mucosa 
and PGⅠlevels gradually decrease, whereas PG Ⅱ levels 
remain constant[13,14]. Consequently, a stepwise reduction 
of  the PGⅠ/PG Ⅱ ratio is closely linked to progression 
of  atrophic gastritis. However, PG Ⅱ is considered to be 
a subordinate marker in clinical diagnosis. In fact, PG Ⅱ, 
a mature marker of  gastric epithelia, reflects the physi-
ological or pathophysiological functions of  the gastric 
system[15,16]. 

Gastritis is more prevalent and severe in Japan, with 
more corpus predominant atrophy and intestinal meta-
plasia[17-19]. PGⅠ≤ 70 ng/mL and PGⅠ/PG Ⅱ ratio ≤ 
3.0 have been used for the diagnosis of  extensive atro-
phic gastritis with sensitivity of  80% and specificity of  
70%[20]. In contrast, our study showed a low incidence 
of  gastric mucosal atrophy in the Chinese population. 
Inconsistency between studies may be due to different 
ethnic groups with different genetic backgrounds, dif-
ferent ELISA kits, and different cutoff  values used for 
assessment of  gastric mucosal atrophy[21]. We used PG
Ⅰ≤ 82.3 µg/L and PGⅠ/PG Ⅱ ratio ≤ 6.05 accord-
ing to the study for diagnosis of  atrophic gastritis in 
the Chinese population[10]. For reference, the cut-off  
points of  PGⅠand PGⅠ/PG Ⅱ ratio were calculated 
using receiver operator characteristic (ROC) curves. For 
patients with atrophic gastritis, the area under the ROC 
for PGⅠwas 0.878 (95%CI: 0.837-0.919) and the best 
cutoff  value was 82.30 µg/L (sensitivity 85.9%, specific-
ity 75.1%). The area under the ROC for PGⅠ/PG Ⅱ 
ratio was 0.819 (95%CI: 0.767-0.871) and the best cutoff  
value was 6.05 (sensitivity 78.3%, specificity 71.6%)[10]. 
The limitation of  our study was that it could not deter-
mine the area under the curve via numerical integration 
of  ROC curves, because we did not administer a further 
validity study. In our study, we found that serum PGⅠ
levels were significantly decreased in the gastric atrophy 
group, but no difference was found between the gastric 
cancer and control groups. Thus, it is considered that 
serum PGⅠlevels represent gastric atrophy but not gas-
tric cancer. The reason was that the prevalence of  gastric 
atrophy was relatively low in our gastric cancer group 
compared with that in Japan. In Japan, the incidence of  
gastritis was higher than in other countries, and it was 
characterized by heavy predominant atrophy and intesti-
nal metaplasia in the corpus of  the stomach. Compared 
to the findings in Japan, our study showed a lower inci-
dence of  gastric mucosal atrophy. This may be due to 
differences in the research populations and their genetic 
backgrounds, even though the same H. pylori infection 
can lead to differences in severity of  gastric atrophy[22-24]. 
Other factors such as the use of  proton pump inhibi-
tors (PPIs) may also influence the incidence of  gastric 
atrophy. However, a history of  using PPIs and lifestyle 
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Gastric cancer 
group (%)

Gastric atrophy 
group (%)

Control 
group (%) P  value

  No. 450 111 961
  H. pylori infection
      Negative 139 (30.9) 27 (24.3) 483 (50.3)
      Positive 311 (69.1) 84 (75.7) 478 (49.7) < 0.001
  Sex
     Male 324 (72.0) 66 (59.5) 564 (58.7) < 0.001
     Female 126 (28.0) 45 (40.5) 397 (41.3)
  Age
     < 45 yr 38 (8.4) 20 (18.0) 285 (29.7) < 0.001
     45-65 yr 240 (53.3) 81 (73.0) 607 (63.2)
     > 65 yr 172 (38.2) 10 (9.0) 69 (7.2)

Table 1  Comparison of Helicobacter pylori infection between 
gastric cancer and control groups

H. pylori: Helicobacter pylori.
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were not investigated in this study. A further prospective 
control study is needed. PG Ⅱ levels were significantly 
increased in patients with gastric atrophy and gastric 
cancer, especially in H. pylori (+) gastric cancer, resulting 
in a reduction in PGⅠ/PG Ⅱ ratio, which was consis-
tent with a previous study[6].

A few studies have investigated PG Ⅱ serum level as 
an independent biomarker with potential clinical applica-
tions[25]. Higher PG Ⅱ expression has been demonstrated 
in patients with gastric ulcers, suggesting that PG Ⅱ level 
reflects chronic inflammation in H. pylori-related chronic 
gastritis[26-28]. Another study has shown that insertion/de-
letion polymorphisms of  the PG Ⅱ gene are highly asso-
ciated with genetic predisposition to gastric cancer in the 
carriers[16]. Our study demonstrated that chronic H. pylori 
infection is at a high level in the Chinese population. 
The overall H. pylori (+) rate in patients with gastric car-
cinoma was 78.6% in young patients (< 45 years), which 
was significantly higher than that in the control group 
(51%). Active gastritis caused by H. pylori infection and 
chronic inflammation resulted in elevated PG Ⅱ levels in 
the gastric cancer group. 

We also found that serum PGⅠlevel was significantly 
lower in patients with stage Ⅲ and Ⅳ tumors, compared 
to those with stageⅠand Ⅱ tumors. The mechanism is 
unclear but it may be associated with gastric mucosal at-
rophy gradually increasing with advancing gastric cancer.

We demonstrated that serum PG Ⅱ level significantly 
increased in Chinese patients with H. pylori-infected 
gastric cancer, indicating that PG Ⅱ can be used as an 
independent diagnostic marker for gastric cancer. It is 
cost-effective to screen PG Ⅱ in countries with a high 
incidence of  gastric cancer, compared with the high 
cost of  endoscopy. Further studies on normal ranges of  
PG Ⅱ and its changes in gastric diseases may elucidate its 
physiological and pathological functions. 

In conclusion, PG Ⅱ can be used as an independent 
diagnostic marker for gastrointestinal cancer[29-31].

ACKNOWLEDGMENTS 
The authors would like to thank everybody who partici-
pated in this study; particularly Mr. Chang-Song Guo 
and Ms. Ying Song for their technical support.

COMMENTS
Background
Early detection is an important way to reduce mortality of gastric cancer. 
Measurement of serum pepsinogen (PG) is a popular non-invasive serological 
screening test for gastric cancer.
Research frontiers
Research has shown that serum-PG testing, based on the combination of the 
measurement of serum PGⅠconcentration and the PGⅠ/PG Ⅱ ratio, is a good 
predictor of atrophic gastritis and gastric cancer development.
Innovations and breakthroughs
PG Ⅱ has been as considered a subordinate marker in clinical diagnosis. In this 
study, we demonstrated that the serum PG Ⅱ level significantly increased in 
Helicobacter pylori-infected gastric cancer in the Chinese population, indicating 
that PG Ⅱ can be used as an independent diagnostic marker for gastric cancer.
Applications
Serum PG Ⅱ level measure is a good method for screening patients with gastric 
cancer. It is very cost-effective to screen PG Ⅱ in countries with high incidences 
of gastric cancer, compared with the high cost of endoscopy.
Terminology
PGs are inactive proenzymes for the specific digestive enzyme, pepsin, origi-
nating from the gastric mucosa, and can be classified into PGⅠand PG Ⅱ.
Peer review
The authors performed a clinical epidemiological study and evaluated the pos-
sibility and significance of PG Ⅱ in serum and PGⅠ/PG Ⅱ ratio as the diagnos-
tic markers for Chinese patients with gastric cancer and gastric atrophy. They 
concluded that serum level of PG Ⅱ could be a useful diagnostic marker for 
patients with gastric cancer.

REFERENCES
1 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. 

Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 
2 Sasako M, Inoue M, Lin JT, Khor C, Yang HK, Ohtsu A. 

Gastric Cancer Working Group report. Jpn J Clin Oncol 2010; 
40 Suppl 1: i28-i37 

3 Nomura AM, Kolonel LN, Miki K, Stemmermann GN, 

7360 December 28, 2012|Volume 18|Issue 48|WJG|www.wjgnet.com

Gastric cancer group Gastric atrophy group Control group P  value (cancer vs  control) P  value (atrophy vs  control)

  PGⅠ(µg/L)     93.2 (49.8-147.3)           64.0 (52.3-75.3)   92.6 (75.0-116.1)                     0.537 < 0.001
  PG Ⅱ (µg/L)     15.9 (9.0-28.0)           13.9 (11.9-16.9)   11.5 (7.1-18.4)                 < 0.001 < 0.001
  PGⅠ/PGⅡ       5.4 (3.5-8.1)             4.6 (3.6-5.3)     8.4 (6.1-11.1)                 < 0.001 < 0.001

Table 2  Comparison of pepsinogen levels between gastric cancer, gastric atrophy and control groups

Data are expressed as median (interquartile range). PG: Pepsinogen.

H. pylori  (+) (n = 311) H. pylori  (-) (n  = 139) P  value

  PGⅠ(µg/L)         92.2 (53.0-145.3)        94.4 (38.9-148.8) 0.96
  PG Ⅱ (µg/L)         18.4 (10.4-30.0)        13.3 (7.7-22.5)    0.01
  PGⅠ/PGⅡ           5.1 (3.5-7.2)          6.2 (3.5-10.0) 0.01

Table 3  Helicobacter pylori  infection and pepsinogen levels 
of serum in gastric cancer patients

Data are expressed as median (interquartile range). PG: Pepsinogen; H. 
pylori: Helicobacter pylori. 

  TNM stage (n) PGⅠ(µg/L) PG Ⅱ (µg/L) PGⅠ/PG Ⅱ
  Ⅰ(64)  101.4 (76.3-147.3)    18.4 (12.1-27.2)     6.3 (4.5-8.4)
  Ⅱ(182)    96.3 (44.7-167.2)    16.3 (9.3-27.1)     5.5 (4.0-8.2)
  Ⅲ (145)    85.8 (43.4-133.3)    15.4 (8.8-28.7)     4.9 (2.8-7.5)
  Ⅳ (59)    71.5 (35.7-137.0)    13.1 (6.7-13.1)     5.1 (3.1-8.1)
  P value      0.02      0.44     0.09

Table 4  Gastric cancer stages and serum pepsinogen levels

PG: Pepsinogen; TNM: Tumor-node-metastasis.

 COMMENTS

Cao XY et al . Serum pepsinogen Ⅱ and gastric cancer



Wilkens LR, Goodman MT, Perez-Perez GI, Blaser MJ. Heli-
cobacter pylori, pepsinogen, and gastric adenocarcinoma in 
Hawaii. J Infect Dis 2005; 191: 2075-2081 

4 Kudo T, Kakizaki S, Sohara N, Onozato Y, Okamura S, Inui 
Y, Mori M. Analysis of ABC (D) stratification for screening 
patients with gastric cancer. World J Gastroenterol 2011; 17: 
4793-4798 

5 Leung WK, Wu MS, Kakugawa Y, Kim JJ, Yeoh KG, Goh 
KL, Wu KC, Wu DC, Sollano J, Kachintorn U, Gotoda T, Lin 
JT, You WC, Ng EK, Sung JJ. Screening for gastric cancer 
in Asia: current evidence and practice. Lancet Oncol 2008; 9: 
279-287 

6 He CY, Sun LP, Gong YH, Xu Q, Dong NN, Yuan Y. Serum 
pepsinogen II: a neglected but useful biomarker to differen-
tiate between diseased and normal stomachs. J Gastroenterol 
Hepatol 2011; 26: 1039-1046 

7 Abnet CC, Zheng W, Ye W, Kamangar F, Ji BT, Persson C, 
Yang G, Li HL, Rothman N, Shu XO, Gao YT, Chow WH. 
Plasma pepsinogens, antibodies against Helicobacter pylori, 
and risk of gastric cancer in the Shanghai Women’s Health 
Study Cohort. Br J Cancer 2011; 104: 1511-1516 

8 International Agency for Research on Cancer. Schisto-
somes, liver flukes and Helicobacter polori. IARC mono-
graphs on the evaluation of carcinogenic risks to humans. 
Lyon: IARC Monograph, 1994: 218

9 Yamaji Y, Watabe H, Yoshida H, Kawabe T, Wada R, Mitsu-
shima T, Omata M. High-risk population for gastric cancer 
development based on serum pepsinogen status and life-
style factors. Helicobacter 2009; 14: 81-86 

10 Cao Q, Ran ZH, Xiao SD. Screening of atrophic gastritis and 
gastric cancer by serum pepsinogen, gastrin-17 and Helico-
bacter pylori immunoglobulin G antibodies. J Dig Dis 2007; 8: 
15-22 

11 Miki K. Gastric cancer screening by combined assay for 
serum anti-Helicobacter pylori IgG antibody and serum 
pepsinogen levels - “ABC method”. Proc Jpn Acad Ser B Phys 
Biol Sci 2011; 87: 405-414 

12 Sipponen P, Graham DY. Importance of atrophic gastritis 
in diagnostics and prevention of gastric cancer: application 
of plasma biomarkers. Scand J Gastroenterol 2007; 42: 2-10 

13 Fock KM, Talley N, Moayyedi P, Hunt R, Azuma T, Sugano 
K, Xiao SD, Lam SK, Goh KL, Chiba T, Uemura N, Kim JG, 
Kim N, Ang TL, Mahachai V, Mitchell H, Rani AA, Liou JM, 
Vilaichone RK, Sollano J. Asia-Pacific consensus guidelines 
on gastric cancer prevention. J Gastroenterol Hepatol 2008; 23: 
351-365 

14 Nasrollahzadeh D, Aghcheli K, Sotoudeh M, Shakeri R, 
Persson EC, Islami F, Kamangar F, Abnet CC, Boffetta P, 
Engstrand L, Dawsey SM, Malekzadeh R, Ye W. Accuracy 
and cut-off values of pepsinogens I, II and gastrin 17 for di-
agnosis of gastric fundic atrophy: influence of gastritis. PLoS 
One 2011; 6: e26957 

15 Pimanov SI, Makarenko EV, Voropaeva AV, Matveenko 
ME, Voropaev EV. Helicobacter pylori eradication improves 
gastric histology and decreases serum gastrin, pepsinogen I 
and pepsinogen II levels in patients with duodenal ulcer. J 
Gastroenterol Hepatol 2008; 23: 1666-1671 

16 Sun LP, Guo XL, Zhang Y, Chen W, Bai XL, Liu J, Yuan Y. 
Impact of pepsinogen C polymorphism on individual sus-
ceptibility to gastric cancer and its precancerous conditions 
in a Northeast Chinese population. J Cancer Res Clin Oncol 
2009; 135: 1033-1039 

17 Kato M, Asaka M. Recent development of gastric cancer 
prevention. Jpn J Clin Oncol 2012; 42: 987-994 

18 Matsuhisa T, Aftab H. Observation of gastric mucosa in 
Bangladesh, the country with the lowest incidence of gastric 
cancer, and Japan, the country with the highest incidence. 
Helicobacter 2012; 17: 396-401 

19 Con SA, Takeuchi H, Nishioka M, Morimoto N, Sugiura T, 
Yasuda N, Con-Wong R. Clinical relevance of Helicobacter 
pylori babA2 and babA2/B in Costa Rica and Japan. World J 
Gastroenterol 2010; 16: 474-478 

20 Shimoyama T, Aoki M, Sasaki Y, Matsuzaka M, Nakaji S, 
Fukuda S. ABC screening for gastric cancer is not applicable 
in a Japanese population with high prevalence of atrophic 
gastritis. Gastric Cancer 2012; 15: 331-334 

21 Brenner H, Rothenbacher D, Weck MN. Epidemiologic 
findings on serologically defined chronic atrophic gastritis 
strongly depend on the choice of the cutoff-value. Int J Can-
cer 2007; 121: 2782-2786 

22 Abdullah M, Ohtsuka H, Rani AA, Sato T, Syam AF, Fujino 
MA. Helicobacter pylori infection and gastropathy: a com-
parison between Indonesian and Japanese patients. World J 
Gastroenterol 2009; 15: 4928-4931 

23 Aoki K, Kihaile PE, Wenyuan Z, Xianghang Z, Castro M, 
Disla M, Nyambo TB, Misumi J. Comparison of prevalence 
of chronic atrophic gastritis in Japan, China, Tanzania, and 
the Dominican Republic. Ann Epidemiol 2005; 15: 598-606 

24 Naylor GM, Gotoda T, Dixon M, Shimoda T, Gatta L, Owen 
R, Tompkins D, Axon A. Why does Japan have a high in-
cidence of gastric cancer? Comparison of gastritis between 
UK and Japanese patients. Gut 2006; 55: 1545-1552 

25 Ren JS, Kamangar F, Qiao YL, Taylor PR, Liang H, Dawsey 
SM, Liu B, Fan JH, Abnet CC. Serum pepsinogens and risk 
of gastric and oesophageal cancers in the General Population 
Nutrition Intervention Trial cohort. Gut 2009; 58: 636-642 

26 Kim HY, Kim N, Kang JM, Park YS, Lee DH, Kim YR, Kim 
JS, Jung HC, Song IS. Clinical meaning of pepsinogen test 
and Helicobacter pylori serology in the health check-up 
population in Korea. Eur J Gastroenterol Hepatol 2009; 21: 
606-612 

27 Di Mario F, Moussa AM, Cavallaro LG, Caruana P, Merli R, 
Bertolini S, Iori V, Cavestro GM, Dal Bò N, Pilotto A, Franzé 
A, Leandro G. Clinical usefulness of serum pepsinogen II in 
the management of Helicobacter pylori infection. Digestion 
2004; 70: 167-172 

28 Di Mario F, Cavallaro LG, Moussa AM, Caruana P, Merli 
R, Maini A, Bertolini S, Dal Bó N, Rugge M, Cavestro GM, 
Aragona G, Plebani M, Franzé A, Nervi G. Usefulness of 
serum pepsinogens in Helicobacter pylori chronic gastritis: 
relationship with inflammation, activity, and density of the 
bacterium. Dig Dis Sci 2006; 51: 1791-1795 

29 Chung HW, Kim JW, Lee JH, Song SY, Chung JB, Kwon 
OH, Lim JB. Comparison of the validity of three biomark-
ers for gastric cancer screening: carcinoembryonic antigen, 
pepsinogens, and high sensitive C-reactive protein. J Clin 
Gastroenterol 2009; 43: 19-26 

30 Shikata K, Ninomiya T, Yonemoto K, Ikeda F, Hata J, Doi 
Y, Fukuhara M, Matsumoto T, Iida M, Kitazono T, Kiyohara 
Y. Optimal cutoff value of the serum pepsinogen level for 
prediction of gastric cancer incidence: the Hisayama Study. 
Scand J Gastroenterol 2012; 47: 669-675 

31 Zhang X, Xue L, Xing L, Wang J, Cui J, Mi J, Xing X, Wang J, 
Du Z, Misumi J, Tian Q, Wang L. Low serum pepsinogen I 
and pepsinogen I/II ratio and Helicobacter pylori infection 
are associated with increased risk of gastric cancer: 14-year 
follow up result in a rural Chinese community. Int J Cancer 
2012; 130: 1614-1619 

S- Editor  Song XX    L- Editor  Kerr C    E- Editor  Li JY

7361 December 28, 2012|Volume 18|Issue 48|WJG|www.wjgnet.com

Cao XY et al . Serum pepsinogen Ⅱ and gastric cancer


