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The aim of this study was to estimate the validity of mass screening for gastric cancer using serum
pepsinogens (PG test). The study subjects were 4876 workers aged from 40 to 61 years old. Sera were
obtained af the time of the health checkup and serum pepsinogen levels (PG 1 and PG ) were
measured at the same time. PG T <50 ng/ml and PG I/PG I1 ratio < 3.0 were adopted as the criteria
for a positive result for the PG test. PG test-positive subjects were examined, in principle, by
endoscopy. Furthermore, all the subjects were followed up for a year to check for occurrence of
gastric cancer. Among the total subjects, 911 (18.7%) were positive for the PG test and 650 (71.4%)
among the positive subjects underwent further examinations, which revealed 11 cases of gastric
cancer. Seven gastric cancer cases were diagnosed during the follow-up period within one year after
the PG test, Six out of the 7 cancer cases had been negative in the PG test. When the results of one
year’s follow-up from the time of screening were defined as the gold standard, the sensitivity and
specificity of the PG test were estimated at 66.7% and 81.5%, respectively. The authors conclude that
the validity of the PG test as a mass screening method may be comparable to that of X-ray screening,

if optimum criteria of a positive test are selected.
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Gastric cancer is one of the commonest malignant
neoplasms and the mortality rate from gastric cancer, in
spite of the recent decline, is still high."? In Japan, where
gastric cancer has been the most lethal cancer, mass
screening for gastric cancer by barium X-ray (¥X-ray) has
been carried out for over 30 vears in order to detect as
many curable gastric cancers as possible in the asympto-
matic phase. The widespread application of X-ray screen-
ing has contributed to a decrease in mortality from
gastric cancer in Japan.*® However, there are several
shortcomings to the X-ray screening method; subjects are
exposed to X-rays” and experience discomfort or the side
effect of constipation due to barium ingestion, and the
procedure is complex, requiring technical expertise.
Therefore, the development of screening tests which are
safer and require less expertise than X-ray screening is
desirable.”

Chronic atrophic gastritis has been considered to be a
precursor of gastric cancer, especially of the differen-
tiated type.¥'® Several investigators'®'® have suggested
that serum pepsinogen I (PG 1) and pepsinogen II (PG
IT} levels are predictive of the histologic status of the
gastric mucosa and are well correlated with the severity
of chronic atrophic gastritis. Nomura et ql.*” have re-
ported that a serum PG T level of <{20 ng/ml is associ-
ated with a significantly increased risk of gastric cancer
of the differentiated type in subjects of Japanese ancestry.
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Moreover, Kabuto et al. " and Fukao e al. ™ have shown
that the prevalence rates for chronic atrophic gastritis
determined from serum pepsinogen levels are signifi-
cantly correlated with the mortality rates from gastric
cancer. Because of these findings, serological screening of
gastric cancer has been proposed. Recently, gastric mass
screening using measurements of serum pepsinogen levels
(PG test) has been conducted by way of experiment in
some local communities or workplaces in Japan, and has
attracted much attention since several investigators® %
have suggested that this new screening is effective. How-
ever, little is yet known regarding its diagnostic validity
as a mass screening method because of the difficulties in
determining false-negative cases. The principal aim of
this study was to calculate the sensitivity and specific-
ity of the PG test used to examine healthy workers
by following up all the screenees.

MATERIALS AND METHODS

The study subjects were a total of 4876 workers in the
steel industry, aged from 40 to 61 years old, who had
undergone the annual health checkup carried out at their
company in 1993, At that time, sera were obtained and
serum levels of PG I and PG II were measured by
immunoradiometric assay using Pepsinogen I/1I Riabead
kits (Dainabot Co. Ltd., Tokyo). Informed consent was
obtained from all subjects. In selecting the criteria for a
positive result for the PG test, we referred to previous



studies®®?” and, taking into consideration the manpower
required for the further examination mentioned below,
PG 1 <50 ng/ml and I/II <3.0 was adopted as the
criteria. PG3 test-positive subjects were recommended to
undergo further examination, in principle, by endoscopy.

Furthermore, all the subjects who had undergone the
PG test were followed up for a year to check for occur-
rence of gastric cancer. The gastric cancer cases were
identified by investigating information regarding deaths
or long-term absences among the workers in the com-
pany or by studying past histories of the workers ob-
tained from health checkups conducted in the workplace,
records of gastric cancer cases diagnosed or operated in
the hospital attached to the workplace, and the names of
diseases recorded on the health insurance receipts in the
company. The diagnosis of gastric cancer was confirmed
in each case by histological examination of tissue ob-
tained at the time of a surgical operation or endoscopic
biopsy and, if necessary, by personal contact with physi-
cians or surgeons. False-negative cases and true-positive
cases were defined as follows: false-negative cases were
those whose PG test results had been negative, and for
whom gastric cancer was subsequently diagnosed within

Table I. Age and Sex Distributions of Study Subjects
Apge (yr.) Male Female Total (%)
40-44 888 24 912 (18.7)
45-49 526 16 342 (11.1)
50-54 2793 39 2852 (58.5)
55-59 495 15 510 (10.5)
60— 59 1 60 ( 1.2)
Total 4761 115 4876 (100.0)
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Fig. 1. Distribution of serum PG I and PG II levels by age.

Gastric Mass Screening Using Pepsinogens

one year; true-positive cases were those whose PG test
results had been positive, and for whom gastric cancer
was detected at the following examination or diagnosed
within one year after the PG test.

RESULTS

Table I shows the age and sex distributions of the 4761
male and 115 female subjects. The major age group was
50 to 54 years of age.

The distributions of PG I and PG 1I levels and 1/T1
ratios by age are shown in Figs. 1 and 2. The PG 11 level
inereased slightly with age (r=0.102, P<0.001). On the
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other hand, the PG I level did not change with age. This
resulted in a gradual decrease in 1/1I ratio with age (r=
—0.190, P<0.001). Of the 4876 subjects who underwent
the PG test, 911 {18.79) had positive results. As shown
in Fig. 3, the prevalence of positive subjects increased in
proportion to age (P<0.001).

The resulis of the mass screening for gastric cancer
using serum pepsinogens are shown in Table IT, Among
the positive subjects, 650 (71.4%) underwent further

Table II.

examinations, including endoscopy and direct roentgen-
cgraphy. Almost all the positive subjects were examined
by endoscopy and as a result, 11 cases of gastric cancer
were detected in the asymptomatic stage. The detection
rate of gastric cancer (No. of cancer cases detected/No.
of screened subjects) was 0.23%. Table IIla lists the
gastric cancer cases detected by the PG test. All of the
gastric cancer cases were male and most of them were in
their fifties. Eight out of the 11 cancer cases were in an

Results of Gastric Mass Screening Using Serum Pepsinogens and Follow-up

No.
No.

of screened subjects
of positive subjects for the PG test

4876 (100.0%)
911 (18.7%)

No. of subjects who underwent further examination 650 (13.3%)
No. of gastric cancer cases detected by further examination 119 (0.23%)
No. of gastric cancer cases diagnosed during the follow-up 7 (0.14%)
period within one year after the PG test
Gastric cancer cases that were positive for the PG test 1 (0.02%)
Gastric cancer cases that were negative for the PG test 6 (0.12%)

Figures in parentheses are prevalences.

@) Includes two cases diagnosed by follow-up endoscopy within one year after the PG test.

Table III. Characteristics of the Gastric Cancer Cases
(1:\?;? (Ayfe) Sex Endoscopic diagnosis Histology Location (S:lff) PG (Ing /mlI;G I I/
a. Gastric cancer cases detected by gastric mass screening using serum pepsinogens
1 49 Male II, early cancer Differentiated Antrum 0.9X0.9 19.2 9.6 2.0
2 60 Male Il early cancer Differentiated Body 1.0X1.0 324 18.0 1.8
(multiple} 0.5X0.8
3 56 Male Borrmann I type Undifferentiated  Cardia 2.0X2.5 48.2 26.8 1.8
advanced cancer
4 53 Male IL,+IL like Undifferentiated  Angulus 4.5X4.0 19.3 14.8 1.3
advanced cancer
5 54 Male II early cancer Differentiated Body 5.6 X5.0 3.8 127 0.3
6 51 Male II, early cancer Differentiated Body 3.0x3.0 26.9 15.8 1.7
7 53 Male II,-+11, early cancer Differentiated Antrom 6.5xX4.0 19.3 7.4 2.6
8 50 Male II, early cancer Differentiated Antrum 1.9X1.0 21.1 15.1 1.4
(multiple) 1.1 X0.7
9 55 Male 1I, like advanced cancer Undifferentiated  Body 3.5X3.5 20.6 20.6 1.0
10 51 Male II. early cancer Differentiated Angulus 0.5X0.5 2.8 7.0 04
11 44 Male II.+III early cancer Differentiated Antrum 1.5X1.5 17.6 11.7 1.5
b. Gastric cancer cases diagnosed during the follow-up period within one year after the PG test
12 50 Male II, early cancer Undifferentiated  Angulus 5.0x4.8 64.6 323 2.0
13 58 Male II; early cancer Undifferentiated  Anfrum 2.0X3.0 156.0 31.2 5.0
14 51 Male Borrmann IV type Undifferentiated  Body- Whole anterior  62.1 44.5 1.4
advanced cancer Antrum wall
15 51 Male II. early cancer Differentiated Antrum 20X1.35 49.8 13.3 3.7
16 56 Male Borrmann III type Differentiated Cardia- 11.5X 8.5 11.9 19.8 0.6
advanced cancer Body
17 46 Male II like advanced cancer Differentiated Body 3.7X35 66.6 22.2 3.0
18 44 Male II,+III early cancer Undifferentiated  Angulus 2.0xX2.0 80.1 17.0 4.7

Endoscopic diagnosis of advanced and early cancer was determined according to the classification of Borrmann and the

Japanese Endoscopic Society, respectively,
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Table IV. Sensitivity and Specificity of the PG Test Accord-
ing to the Criteria of a Positive Test Based on the Results of
a Follow-up

PG test Cancer

outcome Positive® Negative Total
a. PG I <50 ng/mi and I/II </3.0
Positive 12 899 911
Negative 6 3959 3965
Total 18 4858 4876
Sensitivity=12/18=66.7%
Specificity =3959/4858 =81.5%
b. PG I £70ng/ml and I/11 £3.0
Positive 15 1243 1258
Negative 3 3615 3618
Total 18 4858 4876
Sensitivity=15/18=283.3%
Specificity =3615/4858=74.4%
¢. PG I =30ng/ml or I/IT £2.0
Positive 14 217 831
Negative 4 4041 4045
Total 18 4858 4876

Sensitivity=14/18=77.8%
Specificity =4041/4858 =83.2%

a) Gastric cancer cases diagnosed within one year after the
PG test were regarded as cancer positives at the time of the
PG test by definition.

early stage (invasion limited to mucosa or submucosa).
Three out of the 8 early cancers were less than 1 ecm in

diameter which is too small to observe by morphological

screening. Of the carcinomas, 8 were histologically of the
differentiated type and 3 of the undifferentiated type.

In addition to the gastric cancer cases detected at the
PG test, 7 gastric cancer cases were subsequently diag-
nosed during the follow-up period within one year after
the PG test (Tables II and IIIb). Six out of the 7 cancer
cases had been negative in the PG test. The remaining
case (case No. 16), in spite of being positive in the PG
test, had not undergone further examination and was
diagnosed as advanced cancer 12 months after the PG
test. Six out of the 7 cancer cases were diagnosed after
symptoms appeared and the remaining case (case No.
15), who had no symptoms, was detected by X-ray
screening conducted in a local community 8 months after
the PG test. None of the subjects died from gastric
cancer during this period.

Table 1Va shows the results of the follow-up in a 2 X2
table based on our definition. Twelve out of 18 subjects
with gastric cancer were true positive, and 3939 out of
4858 subjects without gastric cancer were true negative,
resulting in a sensitivity of 66.7% and a specificity of
81.5%. Twelve out of 911 subjects that were positive for
the PG test had gastric cancer, resulting in a positive
predictive value®™ of 1.3%. The sensitivity and specificity

Gastric Mass Screening Using Pepsinogens

of the PG test were also calculated when the following
two criteria of a positive test were adopted. According to
the criteria defined by Miki*®® (PG 1 =70 ng/ml and 1/1I
£3.0), the sensitivity and specificity was estimated at
83.3% and 74.4%, respectively (Table IVb). When the
criteria defined by Watanabe® (PG I =30 ng/ml or 1/11
£2.0) were adopted, the sensitivity and specificity was
estimated at 77.8% and 83.2%, respectively (Table IVc).

DISCUSSION

The increasing trend in the prevalence of positive
results of the PG test with age (Fig. 3), which is in
accord with previous studies,® ?” is likely to reflect the
chronological oral-ward expansion of chronic atrophic
gastritis.”

The detection rate of gastric cancer achieved by the
PG test in the current study (0.23%) was about two-fold
higher than that by X-ray screening over the last four
years in this workplace (0.129). Since the yield of cases
is greatest at the first screening examination,” it is likely
that the high rate in the current study was mostly due to
the first application of serum pepsinogen measurements
to gastric mass screening of workers in this workplace.

Sensitivity and specificity of the PG test for detecting
gastric cancer were determined in this study. Although
several studies'® 233 have been conducted on the diag-
nostic validity of the PG test, they were all based on the
procedure of testing retrospectively a group of patients
diagnosed on the basis of clinical symptoms, or otherwise
known to have gastric cancer. This procedure is flawed in
that people with a manifest clinical disease do not have
the condition that is the object of the screening.®*® A
few studies™ ™ have so far been reported on the validity
of the PG test used to examine healthy persons in a
screening setting. But false-negative cases were not deter-
mined correctly in these studies. To determine false-
negative cases, we followed up all the screenees for a year
after the PG test and observed how many cancers even-
tually occurred among them. Because the study subjects
of the current study were all workers belonging to a
single company and, except for the small number who
had retired from the company before retirement age,
formed a rather accessible population, we could follow
up all the screenees and identify occurrences of gastric
cancer among them quite easily. As to the duration of the
follow-up, the period of one year is arbitrary and may be
too short to identify occult prevalent cancers, because we
do not know the natural history of gastric cancer com-
pletely. In addition, the number of screened subjects in
the current study was relatively small and not all the
positive subjects in the PG test agreed to further exami-
nation. Regardless of the shortcomings of the methods
mentioned above, this is the first paper to estimate the
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validity of the PG test used to examine healthy workers
in a screening setting.

In regard to histological findings, the differentiated
type of gastric cancer was predominant in cancers de-
tected by the PG test, while four out of the 6 false-
negative cases were histologically of the undifferentiated
type. If we calculate the sensitivity of the PG test for
detecting the histologically different types of gastric
cancer separately, that for the differentiated gastric can-
cers would be 81.8% and that for the undifferentiated
gastric cancers would be 42.9%. There is some likelihood
that undifferentiated gastric cancers would be missed by
the PG test, since they might not arise in areas of chronic
atrophic gastritis.

It is important to select optimum criteria for a positive
result for the PG test. However, thére is so far no
agreement on this. Using criteria of PG T =70 ng/m! and
I/1I = 3.0 (Table IVb), we found a considerable improve-
ment in the level of sensitivity with a considerable de-
crease in specificity. With criteria of PG T <30 ng/ml or
I/I1 2.0 (Table IVc), there was an improvement in the
level of sensitivity without any loss of specificity, which is
inconsistent with the findings by Sasamori et al.?” that
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