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Abstract
Background/Aims—The characteristics of
pepsinogen screening for gastric cancer
were investigated to establish a suitable cut
oV point for identifying gastric cancer,
using endoscopic diagnosis as the yard-
stick.
Subjects/Methods—Serum pepsinogen
concentrations were measured in 5113
subjects who were also screened for gas-
tric cancer by endoscopy. The cut oV point
for pepsinogen was determined using
receiver operator characteristics curves.
Results—The most suitable cut oV point
was a pepsinogen I concentration of less
than 70 ng/ml and a ratio of pepsinogen I
to pepsinogen II of less than 3.0. Using this
cut oV point, the sensitivity and specificity
of pepsinogen screening for gastric cancer
were 84.6% and 73.5% respectively. All
cases of gastric cancer in patients with
severe atrophic gastritis were detected.
However, two of four cases of gastric can-
cer in patients with mild atrophic gastritis
were overlooked. In subjects with mild
atrophic gastritis, when gastric cancer
arises within the fundic gland region, the
size of the lesion determines whether it is
possible to detect cancer by serum pep-
sinogen screening.
Conclusion—Pepsinogen screening has
many advantages, including its suitability
for combination with other screening
methods because it is simple and inexpen-
sive.
(Gut 1999;44:693–697)
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Gastric cancer is a leading cause of cancer
death in many countries.1 The age adjusted
mortality rate of gastric cancer has decreased in
Japan because many gastric cancers are de-
tected at an early stage by mass screening using
barium meal photofluorography.2 3 The useful-
ness of gastric cancer screening by photofluor-
ography has been recognised3–5 but several
problems have been noted, such as limited
accuracy6 7 and cost-eVectiveness8 and the risks
of x ray exposure.9 Therefore, to improve the
eVectiveness of gastric cancer screening, serum
pepsinogen (PG) assay has recently been intro-
duced in Japan.10–13 As atrophic gastritis
becomes more severe, normal gland function is
lost and enzyme production is aVected. PG, the
precursor of pepsin, exists as two main types, I
(PG I) and II (PG II), both of which are

produced by the chief and mucus neck cells in
the gastric fundus. PG II, but not PG I, is pro-
duced by the pyloric glands in the antrum and
Brunner’s glands in the proximal duodenum.
As gastritis progresses, mild inflammation
leads to elevated concentrations of PG I and
PG II in the circulation. As the severity of atro-
phy advances, chief cells are replaced by pyloric
glands and the concentration of PG II remains
increased, while the concentration of PG I
decreases. Consequently, the ratio between the
concentrations of PG I and PG II is greatly
reduced. Thus serum PG concentration re-
flects the morphological and functional status
of the gastric mucosa.14–16 Many gastric cancers
develop in stomach mucosa aVected by severe
and extensive chronic atrophic gastritis.17

Therefore PG screening would enable the
detection of subjects with extensive atrophic
gastritis; such subjects have a high risk of
developing gastric cancer.11–13

Previous reports on the accuracy of PG
screening have compared it with
photofluorography.12 13 In this study, we investi-
gated the characteristics of PG screening and
the appropriate cut oV points for identifying
gastric cancer using receiver operator charac-
teristics (ROC) curves, and compared PG
screening with screening by endoscopy.
Through this process, we were able to establish
a sensitive and eYcient screening method for
the detection of gastric cancer using serum PG
concentration. We also examined the charac-
teristics of gastric cancers detected and missed
by serum PG screening.

Subjects and methods
Endoscopy and assay of serum PG concentra-
tion were performed in 5113 subjects who were
screened for gastric cancer as part of a periodic
health check at the Health Care Center, Yama-
nashi Koseiren in 1995. They consisted of
2456 men and 2657 women, with a mean age
of 52.5 years. Blood samples for routine
laboratory tests were taken after fasting, and
aliquots of the separated sera were individually
stored below −20°C until serum PG concen-
trations were assayed using PG I and II
Riabead Kits (Dinabot Co Ltd , Tokyo, Japan),
a modified radioimmunoassay method which
has been described previously.18–20

Several determinations of suitable cut oV
points for screening for gastric cancer have been
performed previously, and the subsequent re-
sults compared with findings from

Abbreviations used in this paper: PG, pepsinogen;
I:II ratio, ratio between levels of pepsinogen I and
pepsinogen II; ROC curve, receiver operator
characteristics curve.
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photofluorography.11 13 In this study we evalu-
ated the sensitivity and specificity of a combina-
tions of serum PG I concentration and I:II ratio
(the ratio between the levels of pepsinogen I and
pepsinogen II), serum PG I concentration alone,
serum PG II concentration alone, and the I:II
ratio alone, using ROC curves. We then
determined a suitable cut oV point for gastric
cancer screening, compared with endoscopic
diagnosis.

In Japan, many people voluntarily undergo a
health check every year. Of the original 5113
subjects, 3138 had an endoscopy in 1996, and
2111 of these had another one in 1997. Six
early gastric cancers were detected in 1996,
and a further four in 1997. A retrospective
assessment of the endoscopic images archived
in 1995 showed that these 10 early gastric can-
cers were not overlooked by endoscopy in
1995. Therefore we also analysed the accuracy
of a prospectively performed PG screening to
confirm our cross sectional results.

We classified the stage of chronic atrophic
gastritis in all gastric cancer cases detected by
endoscopy according to guidelines published
by Kimura and Takemoto15 (fig 1). For stage
C1, the borderline between the fundic and
pyloric regions is located at the angular part of
the lesser curvature; for stage C2, the border-
line is in the lower part of the lesser curvature
aspect; and for stage C3, the borderline is in the
middle part of the lesser curvature aspect. For
stage O1, the entire lesser curvature aspect is
pyloric. Stage O2 is between stages O1 and O3.
In stage O3, the gastric mucosa is entirely non-
acid-secreting. Stages O1 to O3 constitute the
advanced stages of chronic gastritis.

We also studied the characteristics of the can-
cer cases detected and missed by PG screening,
compared with the endoscopic classification of
the stages of chronic atrophic gastritis.

STATISTICAL METHODS

Correlations between serum PG I concentra-
tion, PG II concentration, I:II ratio, and age
were analysed. DiVerences in mean age, serum
PG I concentration, PG II concentration, and
I:II ratio between men and women were
analysed by the Mann-Whitney U test. A prob-
ability (p) level of less than 0.05 was considered
statistically significant.

Results
CONCENTRATION OF SERUM PG

PG I concentrations showed almost no varia-
tion with age in the 5113 subjects (r = 0.012; p

= 0.3982). PG II concentrations increased sig-
nificantly (r = 0.215; p<0.001), and the I:II
ratio decreased significantly (r = −0.294;
p<0.001) with advancing age.

C1 C2 C3 O1 O2 O3

Figure 1 Classification of
chronic atrophic gastritis
according to the location of
the border between the
fundic and pyloric gland
regions by endoscopy: C1,
at the angular part of the
lesser curvature; C2, in the
lower part of the lesser
curvature; C3, in the
middle part of the lesser
curvature; O1, all parts of
the lesser curvature are
pyloric; O2, the stage
between O1 and O3; O3,
all mucosa of the stomach is
non-acid-secreting.

Figure 2 Receiver operator characteristics (ROC) curves
generated with serum pepsinogen (PG) I concentrations
alone, PG II concentrations alone, and I:II ratios alone
(A), various serum PG I concentrations or I:II ratios (B),
the combination of various serum PG I concentrations and
I:II ratios (C), and by changing the serum PG I
concentration from 30 to 80 ng/ml, the PG II concentration
from 5 to 30 ng/ml, and the I:II ratio from 2.0 to 4.0
intermittently. The following cut oV points are found to be
suitable: a I:II ratio of less than 3.0 alone (A), a PG I
concentration of less than 30 ng/ml or a I:II ratio of less
than 3.0 (B), a PG I concentration of less than 70 ng/ml
and a I:II ratio of less than 3.0 (C).
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There was no significant diVerence in mean
age between men and women (p = 0.6895).
Men had significantly higher serum PG I con-
centrations than women (p<0.001). In con-
trast, we did not find any diVerence in mean
serum PG II concentrations and I:II ratios
between men and women (Mann-Whitney U
test).

EVALUATION OF THE CUT OFF POINT

Thirteen cases of gastric cancer were detected
(0.25%). Of these, 11 were treated by surgical
resection and two were excised by endoscopic
surgery.

ROC curves were obtained by plotting a
graph, in which the longitudinal axis showed
sensitivity and the horizontal axis the false
positive rate. The nearest point to the left
upper corner shows the most suitable cut oV
point. The ROC curves generated with serum
PG I concentrations, PG II concentrations, or
I:II ratios alone, and various combinations of

serum PG I concentrations and I:II ratios
(changing the serum PG I concentration from
30 to 80 ng/ml, the serum PG II concentration
from 5 to 30 ng/ml, and the I:II ratio from 2.0
to 4.0) were examined (fig 2). On the basis of
these findings, the following cut oV points were
found to be suitable: a I:II ratio of less than 3.0
alone; a PG I concentration of less than 30
ng/ml or a I:II ratio of less than 3.0; a PG I
concentration of less than 70 ng/ml and a I:II
ratio of less than 3.0.

The sensitivity and specificity of PG screen-
ing for gastric cancer were 84.6% and 67.2%
for a I:II ratio less than 3.0 alone; 92.3% and
62.4% for a PG I concentration less than 30
ng/ml or a I:II ratio less than 3.0; 84.6% and
73.5% for a PG I concentration less than 70
ng/ml and a I:II ratio less than 3.0 respectively.
Thus the most suitable cut oV point for screen-
ing for gastric cancer was a PG I concentration
of less than 70 ng/ml and a I:II ratio of less than
3.0.

ASSESSMENT OF GASTRIC CANCER CASES

Of the 13 gastric cancer cases detected by
endoscopy, 11 would have been discovered by
assay of serum PG concentrations, using a PG
I concentration of less than 70 ng/ml and a I:II
ratio of less than 3.0 as the cut oV point (fig 3).
The distribution of ages of the 13 cases varied
from 53 to 75 years, with a mean (SD) of 66.2
(7.0) years (table 1). There were eight men and
five women. Nine of the gastric cancers were at
an early stage, but four were detected at an
advanced stage. There were six diVerentiated
carcinomas and seven undiVerentiated carci-
nomas. The cancers varied in size from 10 to
75 mm in diameter. Two lesions were localised
within the mucosa, seven to the mucosa and
submucosa, one invaded the muscularis pro-
pria, and three invaded the subserosa. The
cancer was in the cardia in one subject, in the
body in nine, and in the antrum in three. One
subject had C1 stage gastritis, three had C2,
three had O1, and six had O2. When we used
the suitable cut oV point (PG I concentration

Figure 3 Distribution of serum pepsinogen (PG) I concentrations and I:II ratios in all
subjects. White circles denote cases of gastric cancer. Of 13 gastric cancer cases, 11 would
have been detected by the serum PG method, using a PG I concentration of less than 70
ng/ml and a I:II ratio of less than 3.0 as the cut oV point.
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Table 1 Characterisation of cases of gastric cancer detected by endoscopy

Case Age Sex Type Pathology
Size
(mm) Depth Locus PG I I:II ratio Stage

1 70 M IIa Well diVerentiated tubular
adenocarcinoma

20 Mucosa Body 13.63 1.13 O1

2 64 M IIa Well diVerentiated tubular
adenocarcinoma

10 Mucosa Antrum 48.36 2.23 O1

3 72 M IIa+IIc Well diVerentiated tubular
adenocarcinoma

25 Submucosa Body 8.57 1.67 O1

4 65 F IIa Well diVerentiated tubular
adenocarcinoma

15 Submucosa Body 14.82 0.91 O2

5 68 F IIa+IIc Well diVerentiated tubular
adenocarcinoma

23 Submucosa Body 40.92 2.17 O2

6 63 M IIa+IIc Moderately diVerentiated tubular
adenocarcinoma

35 Submucosa Antrum 77.55 4.02 C2

7 53 M IIc Signet ring cell carcinoma 35 Submucosa Body 65.29 2.82 C2

8 75 M IIc Signet ring cell carcinoma 30 Submucosa Body 56.56 2.38 O2

9 73 M IIc Signet ring cell carcinoma 75 Submucosa Body 13.03 3.77 C1

10 75 M B-2 Poorly diVerentiated tubular
adenocarcinoma

20 Muscularis
propria

Cardia 4.09 0.73 O2

11 55 F B-4 Poorly diVerentiated tubular
adenocarcinoma

60 Subserosa Body 43.81 1.73 C2

12 66 F B-3 Poorly diVerentiated tubular
adenocarcinoma

50 Subserosa Antrum 50.59 1.38 O2

13 61 F IIc-adv. Signet ring cell carcinoma 15 Subserosa Body 46.47 2.75 O2

Cases 6 and 9 have pepsinogen (PG) I concentration >70 ng/ml or PG I:II >3.0.
Stage, stage of atrophic gastritis; M, male; F, female; B-2, Borrmann type 2; B-3, Borrmann type 3; B-4, Borrmann type 4; IIc-adv., advanced cancer resembling type
IIc.
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less than 70 ng/ml and I:II ratio less than 3.0)
for gastric cancer screening, cases 6 and 9 were
not detected (table 1).

Of the nine subjects with gastric cancer and
O1 or O2 stage atrophic gastritis, three with
type IIa and two with type IIa+IIc tumours had
diVerentiated carcinoma. In contrast, the cases
of type IIc, advanced cancer resembling type
IIc, Borrmann type 2, and Borrmann type 3
tumours were undiVerentiated (fig 4). The
Borrmann type 2 cancer was in the cardia, the
Borrmann type 3 and the two type IIa cancers
were in the antrum, and the remaining five
cancers were in the body. These nine cases
were detected by serum PG screening for gas-
tric cancer if the PG I concentration is set at
less than 70 ng/ml and the I:II ratio at less than
3.0 as the cut oV point.

Of the four cases of gastric cancer with C1 or
C2 stage atrophic gastritis, the type IIa+IIc
tumour was diVerentiated, while the Borrmann
type 4 and the two type IIc cancers were undif-
ferentiated (fig 5). When we used our cut oV
point for serum PG screening, the Borrmann
type 4 and smaller type IIc cancers were
detected, but the larger type IIc and the type
IIa+IIc cancers were overlooked.

PROSPECTIVE ASSESSMENT OF PG SCREENING

A total of 2111 subjects (41.4%) underwent
endoscopic screening in two consecutive years.
Six early gastric cancers were detected in 1996,
and a further four in 1997. No advanced cancer
was detected. Of these 10 early gastric cancers,
six were within the limit of a serum PG I con-
centration of less than 70 ng/ml and a I:II ratio
of less than 3.0. If we investigated the accuracy
of PG screening using this cut oV point for

three consecutive years, the sensitivity, specifi-
city, positive predictive value, and negative pre-
dictive value would be 73.9, 72.7, 2.94, and
99.6% respectively.

Discussion
Several determinations of a suitable cut oV
point for gastric cancer screening have previ-
ously been made based on the findings of pho-
tofluorography. Stemmermann et al21 used a
I:II ratio of less than 2.0 as the cut oV point, to
separate the subjects at high risk and those at
low risk of developing gastric cancer. Miki et
al12 suggested using a serum PG I concentra-
tion of less than 70 ng/ml and a I:II ratio of less
than 3.0 as the cut oV point. Kodoi et al13 sug-
gested a serum PG I concentration of less than
50 ng/ml and a I:II ratio of less than 3.0 as the
cut oV point. As all these reports are based on
comparisons with photofluorographic findings,
their determinations of the false negative rate,
sensitivity, specificity, and accuracy are not
reliable. Therefore in this study, we determined
a cut oV point using endoscopic diagnosis as
the yardstick.

The cut oV point for gastric cancer screening
can be determined by combining serum PG I
concentrations and I:II ratios, or by determin-
ing serum PG I concentrations alone, serum
PG II concentrations alone, or I:II ratios alone,
as indicated by the finding that gastric cancer
patients have lower concentrations of serum
PG I and lower I:II ratios than normal. Based
on ROC curves, if we determine a cut oV point
using serum PG I or PG II concentrations or
I:II ratios alone, the sensitivity increases and
the specificity decreases. When cut oV points
are determined by serum PG I concentration
or I:II ratio, the sensitivity is superior but the
specificity is inferior. The cut oV point
determined by combining serum PG I concen-
tration and I:II ratio has superior specificity,
and if we use a serum PG I concentration of
less than 70 ng/ml, the sensitivity is improved
further. Using a cut oV point of a serum PG I
concentration of less than 70 ng/ml and a I:II
ratio of less than 4.0 has superior sensitivity
(92.3%) for all gastric cancer cases but inferior
specificity (62.4%). A serum PG I concentra-
tion of less than 30 ng/ml or a I:II ratio of less
than 3.0 also has the same superior sensitivity
(92.3%) but inferior specificity (62.4%). The
most suitable cut oV point in screening for gas-
tric cancer was found to be a PG I concentra-
tion of less than 70 ng/ml and a I:II ratio of less
than 3.0. This cut oV point provides a sensitiv-
ity of 84.6%, a specificity of 73.5%, a positive
predictive value of 0.81%, and a negative
predictive value of 99.9%, and prospective
assessments provided a sensitivity of 73.9 %, a
specificity of 72.7%, a positive predictive value
of 2.88%, and negative predictive value of
99.6%. The sensitivity of the prospective study
was inferior to that of the retrospective study.
The specificity of the prospective study was as
good as that of the retrospective study. The
positive predictive value of the prospective
study was superior to that of the retrospective
study. Our results agree with the cut oV point
suggested by Miki et al,12 but our study is based

C1 C2 C3 O1 O2 O3

IIa
IIa

IIa
IIa + IIc

IIa + IIc

Borderline

IIc

B-2
B-3

IIc-adv.

Figure 4 Distribution of
nine cases of gastric cancer
in patients with severe
atrophic gastritis. White
lesions are diVerentiated
and black are
undiVerentiated. These nine
cases were detected by
serum pepsinogen (PG)
screening for gastric cancer,
using a serum PG I
concentration of less than
70 ng/ml and a I:II ratio of
less than 3.0 as the cut oV
point. B-2, Borrmann type
2; B-3, Borrmann type 3;
IIc-adv, advanced cancer
resembling type IIc.
Borderline, border between
fundic and pyloric regions.

C1 C2 C3 O1 O2 O3

IIc

IIa + IIc

Borderline

IIc

B-4

Figure 5 Distribution of
four cases of gastric cancer
in subjects with mild
atrophic gastritis. The white
lesions are diVerentiated,
and the grey lesions are
undiVerentiated. Two of the
four cases could not be
detected by serum
pepsinogen (PG) screening
using a serum PG I
concentration of less than
70 ng/ml and a I:II ratio of
less than 3.0 as the cut oV
point. B-4, Borrmann type
4. Borderline, borderline
between fundic and pyloric
regions.
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on a larger number of subjects, over a wider age
range, and uses endoscopy as the yardstick.
Therefore our results should be more reliable.

To detect gastric cancer, photofluorography
using a 10 × 10 cm sized film has been the tra-
ditional first screening step in Japan. The sen-
sitivity of photofluorography has been found to
be less than 40% in detecting early gastric can-
cer and greater than 90% in detecting ad-
vanced gastric cancer.22 Thus the sensitivity of
PG screening for early gastric cancer is
superior to that of photofluorography. The cost
of PG screening is about half of that of
photofluorography.12 Therefore PG screening
for gastric cancer has many advantages over
photofluorography: it is a very easy and
inexpensive procedure, and there are no x ray
hazards.

In our study, it was possible to detect all
cases of gastric cancer in patients with severe
atrophic gastritis (stages O1 or O2) by serum
PG screening using our cut oV point. However,
only two of four cases of gastric cancer in
patients with mild atrophic gastritis were
detected. These two cases were a Borrmann
type 4 and a smaller type IIc lesion. In the Borr-
mann type 4 cancer, although the atrophic gas-
tritis was mild, the cancer occupied a large part
of the mid-body, the serum PG I concentration
was decreased, and as a result the I:II ratio was
also decreased. In the smaller type IIc cancer,
as the cancer was limited to a small part of the
fundic gland area, the serum PG I concentra-
tion and I:II ratio were only slightly decreased
(about 65.3 ng/ml and 2.82 respectively).

Of the two cases we were unable to detect, as
the larger type IIc cancer occupied a large part
of both the pyloric and fundic gland regions,
the serum PG I concentration (13.0 ng/ml) and
serum PG II concentration (3.5 ng/ml) both
decreased. As a result, the I:II ratio did not
decrease. The other missed type IIa+IIc cancer
was confined to a small part of the pyloric
gland, and because the atrophic gastritis was
mild, the serum PG I concentration and I:II
ratio did not decrease. A previous report
suggested that gastric cancers such as this
advance very slowly.22

As a result, in the subjects with severe
atrophic gastritis it is possible to detect
diVerentiated and undiVerentiated carcinoma
by serum PG screening, using a PG I concen-
tration of less than 70 ng/ml and a I:II ratio of
less than 3.0 as the cut oV point. In the subjects
with mild atrophic gastritis, when gastric
cancer arises in the fundic gland region, the
success of screening is determined by the size
of the lesion. However, in subjects with mild
atrophy, gastric cancer originating in the
pyloric gland region is diYcult to detect by
serum PG screening.

In conclusion, with a suitable cut oV point,
screening for gastric cancer using serum PG
concentrations can be eVective. Certain lesions
are very diYcult to detect by
photofluorography—for example, small or flat

lesions and even large lesions located in the
cardia or on the anterior wall6 7—but serum PG
screening can identify non-ulcerated diVerenti-
ated asymptomatic gastric cancer, irrespective
of the size and location of the lesion. The PG
method has many advantages, including its
suitability for combination with other screen-
ing methods because it is simple and inexpen-
sive.
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