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SUMMARY

From 1959 through 1962, 6859 ABCC-JNIH Adule
Health Study members had serum pepsin assays.
Follow-up information is available on (665 of
these persons. By 31 July 1969, 63 of the men
(2.8%) and 49 of the women (1.1%) had developed
There was a
incidence of

definite or probable stomach cancer.
towards a higher
stomach cancer among the men whose serum pepsin
levels had been lower 200pg/ml (tyrosine
equivalents), but the same trend was not so clear

significant trend

than
among the low pepsin women.

In 1959, 1251 persons had Diagnex Blue tests of
stomach acidity, and 553 (44.2%) were achlorhydric;
1213 of the 1251 have been followed at ABCC. By
31 July 1969, 18 of these had developed stomach
cancer; 16 of the 18 had been achlorhydric in 1959.
The finding of a higher incidence of stomach cancer
achlorhydric statistically

among the patients is

significant.

A subgroup of 695 persons had both pepsin and
Diagnex Blue testing. Those who had low pepsin
levels and achlothydria were found to have the
highest risk of developing stomach cancer.

Low serum pepsin is a risk factor of grear predic-

tive value in screening for gastric cancer among

14k
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}apanese men,
women 1s not as clear,

The value of pepsin screening in
The high percentage of
abnormal Diagnex Blue test results among Japanese
diminishes the value of that screening test.
However, our data support the view that a program
utilizing both pepsin and Diagnex Blue testing
will identify a population at markedly increased
risk of developing stomach cancer.

INTRODUCTION

It is well known that stomach cancer is the most
common malignancy in Japan.l The annual age
adjusted incidence of stomach cancer in Japan is 3
to 4 times higher than that in the United States, 2
In additdon, mortality from stomach cancer is 35
times higher in Japan than in the United States.!
These facts have been responsible for the deep
interest shown in stomach cancer throughout Japan.

Stomach cancer has also been a prime concern of
ABCC. The JNIH-ABCC Adult Health Study
population in Hiroshima comprises approximately
13,000 persons selected for long-range clinical
follow-up. It is composed of four compa‘ri‘son
groups, the latter three matched by age and sex to
Group 1, those who were located 0-1999m from the
hypocenter at the time of the bomb (ATB) and who
reported radiation symptoms. Cooperating clinic
subjects have been examined biennially since
1958, receiving a
examination, and basic laboratory tests.3

medical history, physical

Because of the known relationship between stomach
cancer and achlorhydriad Knittle began in 1959 an
investigation of the Adult Health Study population
in Hiroshima to determine the prevalence of
achlorhydria among Japanese. He administered a
tubeless gastric analysis (Diagnex Blue—Squibb) to
1251 clinic subjects and found that 553 (44.2%)
The prevalence of achlorhydria
increased with age, but there did not seem to be a

were achlorhydric.

between A-bomb radiation history
and achlorhydria.$

relationship

Because of the association between stomach
cancer and low serum pepsin levels, 68 Knittle also
surveyed 1330 of the 1800 persons examined at
ABCC in Hiroshima during the 4-month period from
September 1959 to January 1960. Those who were
not tested included refusals and persons with
known, preexisting renal disease or a history of a
prior gastrectomy. Knittle’s aim was to determine
whether the higher prevalence of stomach cancer in
Japan was associated with lower pepsin levels in
the general population. However, he concluded that
the distribution of pepsin levels among his patients

DEAFTHE. KILEVTEAT L vDAZN —= v 7
MEDOMEIZ S EZLMEATEEY. BAAZFOTHE
Diagnex Blue i IZREOEH AN T O T, =
DATN == TREOMETRHLT 5. LAl asas,
FMEDT—vE, <72 vE S Diagnex Blue fi#E
EEBMA AL DL THBREORREOEL < &H
WAXZRBBTELZL0IRBEE/RTSL0TH 3,

#*

il

HAETTEE I fEL S WEHECHEG 6 T w3 BIEEE
THAZLERMOBETSHS.! HEIHTEBHBO
FERATIEEMBERY, XEN T LD 3 —4ETHE. 2
XL, HBMICEANCEE, BF0E ) »WREOZF N
S0 EHSEEmu.Y HAEETHS ML THEROBLA
Flhtwanll, ChoOFHELLZLOTH S,

BRI, £7-ABCCOTEAMLUBTLLL. EEIZE
H%%W—Mmcmkﬁ%MQHQ%Mu.%Mﬁth

- AERRAEM A ELERT 2 0B E R #913,0008
DHBEEPEMoTWAE, ZOMFREMLIU> O EH
RN ERTHD, B, BLOMHAS 0—1999m
THEL, BRESER S -t fEshTwaE 18
&$W‘W$HW*+tfﬂ®ﬁﬁeﬁﬂruf iz
AL TwaaRHE T, 198 FELBFE2ETLIZZEL
TEY, M@MW,%%ﬁﬁﬁivﬂmuﬁﬁmhL
FHTWn3,

EMeEmMEELOMBERIMOENATVADT, ! 19594
Knittle 1%, HAMNI& 2 EEEOHIT #8210,
WMAREHELSREF > THELREGEL -, 284
RHI251Ez ek L, e 5T RS M 2 ( Diagnex Blue-
Squibb ) & FEHE L, 553 % (44.2%) |2 MEHE AT B 5 R
7o BEMIEOHNE L, HEsE & B ITRIML AT, BB
HBOWEL BEE:OMIZIE, BREsVES 128D
127

BRLEMETY vifboMBEGEr&d307T,5-8
Knittle (£, 1959fF 9 B # 51960 1 H £ T 4 » ARz,
EEABCC TR L - 4 RE 18004 H13304 1251 T &
WEATE . BER2Z I 4o F 12, EEFL A
ﬁstwwmu@-mm%%Ltﬁ,@ugﬁw%mm
AN H-=FHEENTVA, Knittle ®HENE, BFE
LEHSEBOFOEBEN —RADEM T 2EA
Ty HEMEN HE ALY A EHIDEIETHES,
L2L, @RslLTRHCOWAEORREMIzE T3 ~F



was no different than that reported for the United
States population.?

Knittle also assayed pepsin levels in a small
number of referral cases, some with gastric cancer,
but the smallness of that series made definite
conclusions impossible. It was subsequently
recommended that all Adult Health Study members
in Hiroshima should have serum pepsin assays as
part of their routine biennial examinations. The
assays on such a large scale were concluded in
late 1962, but by that time nearly 7000 individuals
(including Knittle’s original cases) had been tested
for serum pepsin levels at ABCC in Hiroshima.

No change traceable to the test results has been
made in the subsequent examination or treatment of
those who had been tested for stomach acid and/or
pepsin level. ‘The purpose of the present study has
been to determine the fate of the large number of
persons tested and to correlate the incidence of
stomach cancer with the results of the tests.

SAMPLE AND METHOD

From the Adult Health Study computer tapes, a
total of 6859 persons who had pepsin assays during
the first two Adult Health Study cycles (June 1958
through June 1962) were identified. Follow-up data
were not avajlable on 194 (2.8%) of these. The
remaining 6665 results were divided into three
pepsin result categories; High —500+pg/ml (tyrosine
equivalents); Middle — 200-499 pg/ml; Low — less
than 200 pg/ml.

Similarly, of the 1251 persons who had Diagnex Blue
tests, 31 (2.5%) have not been subsequently
followed at ABCC; an additional 7 persons were
also excluded from analysis because their Diagnex
Blue tests had been performed after a gastrectomy.
Thus, the sample analysed includes 1213 clinic
subjects.

A small number had pepsin assay and/or tubeless
gastric testing on more than ome occasion. For
analysis, the first test result was used in each
case, and the second (and third) test results were
not included in the analysis.

Also from the computer tapes, it was possible to
identify those who berween pepsin and/or tubeless
gastric testing and 31 July 1969 had been diagnosed
as having stomach cancer. The modes of diagnosis
included:
surgical biopsy examined at ABCC, autopsy done at
ABCC, and death certification. [n addition, the
tumor registry contributed several cases in which

clinical impression, X-ray impression,
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the diagnosis had been made only at another
medical facility.

One of the investigators (]J.0.P.) next examined in
detail the medical record of each patient indexed
(according to one or more of the above modes) as a
stomach cancer case, The information gathered
included: certainty of diagnosis, dates of pepsin
and/or Diagnex Blue testing, date and mode of
earliest diagnosis of stomach cancer, associated
clinical findings, and dates of gastrectomy and/or
death, in relevant cases.

“*Definite’” cases were considered those in which
the diagnosis had been verified histologically,
either at ABCC or at another medical facility.
Most of these cases were proven at autopsy, but in
several cases the diagnosis was established by the
examination of tissue removed at surgery.
“*Probable’ c ases included those in which no
tissue diagnosis had been made but in which death
certificate and/or strong clinical (including X-ray)
evidence was available. It has been established
that diagnoses of stomach cancer on death certifi-
cates received here are provable at autopsy in'S‘ci%
of the cases so studied.!0 “*No cancer’” was
used to identify cases in which the diagnosis, made
clinically here or elsewhere, was later disproven by
the Department of Pathology at ABCC; these cases
were excluded from analysis. Also excluded were
the small number of patients who were indexed as
having stomach cancer but in whom the Diagnex
Blue and/or pepsin testing had been done only
after gastrectomy.

Using the above data and the life table method,11,12
the rates of development of stomach cancer among
those studied by tubeless gastric and/or pepsin
assay were correlated with the results of those
tests done earlier at ABCC. In addition, the
prevalence of certain clinical findings (weight loss
of 5 pounds over any 2-year period, hematocrit less
than 35%, etc.) before diagnosis of stomach cancer
was investigated. A-bomb radiation effects on the
level of blood pepsin or prevalence of achlerhydria
were reinvestigated using radiation dose estimates
(T65D)13 which have recently become available.
Finally, the results of an epidemiologic question-
naire (Stat-33) completed by all subjects surviving
until 1963-65, when the questionnaire was used at
ABCC, were correlated with the results of the
stomach function tests done earlier, in order to
identify any social factors related to abnormalities
of pepsin or acid secretion in those who had
been tested.
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RESULTS
Pepsin

Stomach Cancer. From September 1959 through June
1962, a total of G859 persons had serum pepsin
determinations (2289 men and 4570 women). The
distribution of pepsin levels is shown in Table 1.

Follow-up data are available on 6665 persons from
the original sample. By 31 July 1969, 46 of the
men (2.1%) and 41 of the women (0.9%) had
developed histologically proven stomach cancer
(Table 2). An additional 17 men and 8 women had
death certificate or strong clinical evidence of
stomach cancer. When all cases are included, 2.8%
of the men and 1.1% of the women tested and then
followed at ABCC had developed stomach cancer.
The mean follow-up period was 7.3 years, with
persons surviving until July 1969 being followed
nearly 10 years.

The age adjusted rate of stomach cancer was
highest among men with pepsin levels lower than
200pg/ml, a finding which is significant at the 1%
level (Table 3). Among older men, the incidence of
stomach cancer was significantly higher for those
with low pepsins than for those with middle or high
pepsins.
who had low pepsins were suggestively higher.

Rates among men younger than 60 years

There is no consistent trend among the women who
had been tested.

A cumulative probability of developing stomach
cancer was calculated by the life table method with
reference to the length of time between pepsin
testing and the diagnosis of stomach cancer
(Figure 1). The observations were tabulated for
age and sex specific groups in order to avoid bias
due to the fact that the proportion of older persons
in the low pepsin group is larger than that in the
middle and high pepsin comparison groups. Among
the men, the cumulative probability of developing
stomach cancer was highest in the low pepsin group.
This tendency was less apparent among the women.
A cumulative probability of developing stomach
cancer by age groups at risk was also calculated
(Figure 2). Men with low pepsin levels tended to
develop stomach cancer at a faster rate with age
than did men with middle range or high pepsins.
For the women, however, there were no differences
in stomach cancer incidence among the three pepsin
comparison groups.

It was considered possible that the pepsin tests
would be of greater predictive value in the first few
years after testing than later in the follow-up
period. As Table 4 shows, the age adjusted rates
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TABLE 1 DISTRIBUTION OF ORIGINAL SAMPLE BY LEVEL OF SERUM PEPSIN
# 1 HIREEEO SR EOME T L 854G

Serum Total af Men 4 Women 4
Pepsin
M~ 7o v Number {fl & % Number i # % Number {fi ¥ %

Total 73t 6859 100.0 2289 100.0 4570 100.0
<100 16 2 6 .3 10 s
100-199 379 5.5 135 5.9 244 5.3
200- 1522 22.2 406 177, 1116 24.4
300- 2128 31.0 709 310 1419 311
400- 1640 23.9 585 25.6 1055 23.1
500- 784 11.4 299 13.1 485 10.6
600- 265 3.9 98 4.3 167 3.7
T00- 84 1:2 30 1.3 54 1.2
800- 30 4 16 B 14 .3
900 + 11 2 5 e 6 2|
Mean T H i 358.3 371.4 351.8
SD Bk 135.4 139.5 132.8

TABLE 2 DISTRIBUTION OF PEPSIN LEVELS AND STOMACH CANCER AMONG PATIENTS FOLLOWED
#2 BHAEL-ZHREHFERORTL v lE L CYBEO ST

Stomach Cancer

Sex Serum Pepsin Subjects
o M e 7 s@gy  Total Definite 3% 7 5 7
Number 4] 8 % Number ffi#i %
Total Total & 6665 112 1] 87 1.3
Bt Low fiEw 301 19 4.9 17 43
Middle # i 5132 72 1.4 54 1,1
High @ 1142 21 1.8 16 1.4
Men Total 2222 63 2.8 46 2.1
% Low 141 15 10.6 13 9.2
Middle 1642 38 2.3 27 1.6
High 439 10 2.3 6 1.4
Women Total 4443 49 1.1 41 0.9
= Low 250 4 1.6 4 1.6
Middle 3490 34 1.0 27 0.8
High 703 11 1.6 10 1.4

of stomach cancer among men with low pepsin levels
were very similar before and after 4 years from the
date of pepsin testing, 11.3 and 12.4 per vear per
1000, respectively. On the other hand, a middle or
high pepsin level was predictive of an especially
low stomach cancer rate during the first 4 years
after the test. The relative risk associated with a
low pepsin value was, therefore, much higher in the
first 4 years than later for both men and women.

Among the women, a low pepsin level appeared to be
of predictive value only during the first 4 years
after the pepsin tests, but the rate of stomach
cancer among the women was not great.
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CUMULATIVE PROBABILITY

CUMULATIVE PROBABILITY
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FIGURE 1 CUMULATIVE PROBABILITY OF DEVELOPING STOMACH CANCER BY
YEAR AFTER TESTING AND INITIAL PEPSIN LEVELS
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FIGURE 2 CUMULATIVE PROBABILITY OF DEVELOPING STOMACH CANCER BY PEPSIN LEVELS AND AGE
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TABLE 3 INCIDENCE (RATE/YEAR/1000) OF STOMACH CANCER BY INITIAL SERUM PEPSIN LEVEL

#3 BHEOREEHR:

#ME M E AT S >

Low % Middle High 75
Sex Age at 1st
*‘F Examination Person Rate/ Person Rate/ Person Rate/ Test
i S Subjects Years Cancers 1000  Subjects Years Cancers 1000 Subjects Years Cancers 1000 [T

HE AR OMNE s EH

MEEL OAE B R

Men All ages % @b 141 955 15 15.7(114) 1
B om0 33 248 1 a1
50-59 34 235 3 128
60+ T4 474 11 23.2
Women Al ages # iR 250 1899 4 21023 3
2 <50 148 1146 0 2
50-549 51 381 2 5.3
B0+ 51 372 2 5.4

642 11818 38

3.2(3.4)

783 5848 3 0.5
405 2991 10 3.3
454 2979 25 B4

490 26092 34

1.3(1.3)

062 15598 82505
793 5940 8 1.4
635 4554 15 4.0

439
199
106
134

703
365
192
146

3015
1408
785
822
5154
2733
1426
995

MBHEE ONE @ g

10 . 3.3(3.3) **

Sug.

Sug.
ok

11 2.1{2,1y NS

S |
2 26
57 “B:l
B ol 8

3.5
1 1.0

*

Sug.
NS

** Significant at 1% level;
1 %R#ETHE

* Significant at 5% level;
5% KHETHRE

Sug. — Suggestive (.10>P> 05}

5 M Y

NS — Not significant (F>.10)

AETE

Numbers in parentheses are age adjusted rate for each sex (using age distribution of total sample as a standard population).

Ao ZHOHE, RHREOFRIBAEEADLL TN ABEO R E 2 AT O ERITEREE L T+,

TABLE 4 INCIDENCE OF STOMACH CANCER BY YEARS AFTER TEST. INITIAL SERUM PEPSIN LEVEL. AND SEX

4 BHEOREE: MEEREORTE, WEMRE <7 Y l, &L UMW

Serum Pepsin M~ 7 & »

Sex Class :
% X 47 <4 Years After Test FHEHEM# 4+ Years After Test R M
Low Middle High Low Middle High
i it & % i 5
Men Subjects EER U 141 1642 439 119 1487 390
5 Person vears A 521 6331 1659 434 5487 1356
Cancers A ) B 8 13 5 T 25 5
Rate /1000 000N 540 @ 15.3 2 3.0 16.1 4.6 3.7
*Age adjusted incidence fFMEAT F 38 4 11.3 2.1 3.0 12.4 5.1 3.7
Relative risk 1 &1 ) s [ 52 5.4 1 1.4 2.4 1 0.7
Women  Subjects Mo H 250 3490 703 232 3276 661
3 Person vears A 970 13646 2741 929 12446 2413
Cancers o {7 2 4 L] 5 0 25 6
Rate/1000 1000 A 4 72 0 ) 5 4.1 0.7 1.8 2.0 2.5
*Age adjusted incidence RS 2T IF 482k 3 4.3 0.6 1.9 2.1 2.3
Relative risk 1 &Y fi by 22 W2 1 3.2 1 1

%

BEFRAFNE2TEHREOFEMTHEEBRANLL THY

Other Diagnoses., Cooperating Adult Health Study
subjects have been examined every 2 years since
1958. This provided the opportunity to investigate
the relationship between other relevant medical
diagnoses and serum pepsin levels. However,
since no effort was made to exclude patients with
which preceded 1958,
prevalence of these other medical problems can be
tabulated. Unlike our data on

these figures do not

conditions only the period
stomach

incidence,

cancer,
The
ulcer and

reflect

prevalence of gastric ulcer, duodenal

TWwas,

Age distributions of total sample are used for each sex as a standard population.
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TABLE 5 PERIOD PREVALENCE OF OTHER DISEASES AMONG PEPSIN TESTED PATIENTS
£5 AT VEBREESOIENKREF AL S AAGOBRE, Tob b FiRE,

+ iR S R U

UF B I o0 B A R

Class Men % . Women #&
4 Low Middle High Low Middle High
5 s i g H =

Subjects o8 B 141 1642 439 250 3490 703
Person vears N 955 11818 3015 1899 26092 5154
Gastric ulcer cases 9 i 55 AF {7 &% 5 64 27 2 37 14
Prevalence/1000 WAL~ OEFHR 5.2 5.4 9.0 1.0 1.4 2.7
Duodenal ulcer cases - 3518 i 465 58 (8] £ 28 13 0 22 6
Prevalence/1000 1000 M % 7~ 0 ; # iE 2.4 4.3 . 0.8 1.2
Anemia cases I 4 1) 16 112 29 95 1222 236
Prevalence/1000 WO0 AN~ o S 16.8

9.5 9.6 50.0 16.8 45.8

anemia (hematocrit below 35%) is shown in
Table 5.

There were no significant differences among the
low, middle, and high pepsin patients regarding the
prevalence of stomach ulcer. For the most part,
data on gastric ulcer are gathered from clinical and
radiographic reports and do not have the same
degree of certainty as the diagnosis of definite or
probable stomach cancer. The diagnosis of gastric
ulcer was seldom confirmed histeologically at

ABCC or elsewhere.

Ne patient with low serum pepsin had a duodenal
ulcer diagnosed at ABCC, either before or after
pepsin testing. The prevalence of duodenal ulcer
was higher among persons with high pepsin results
than among those with middle pepsin results, but
the finding is not statistically significant. No
correlation berween anemia and levels of serum
pepsin was found.

Survival rates during the years after pepsin testing
were calculated by the life table method (Figure 3).
Among those with low, middle, or high pepsins, there
were no significant differences. Thus, for this
population of nearly 7000 Japanese clinic subjects,
serum pepsin alone did not single out a sex or age
group whose risk of death was, in general, higher
than that of others,

Diagnex Blue

Stomach Cancer. Of the 1251 persons who had
Diagnex Blue tests at ABCC in 1959, 1213 have
been followed. The distribution of test results
among these persons is shown in Table 6. Over 10
years, )8 patients developed stomach cancer; 16 of
these had been achlorthydric in 1959.
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FIGURE 3 SURVIVAL RATES BY INITIAL PEPSIN LEVEL, AGE AND SEX AMONG PERSONS
WHOSE SERUM PEPSIN LEVELS WERE DETERMINED, 1959.62

B3 AR IEAT Y A, FihE X UER

— ‘1‘1::":-:
4 F MALE 50-59 L FEMALE 50-59
e 'Y

2 = L
f 0 1 1 1 1 ) 1 1 1 1 J
w
—
£
(=4
<
=
>
o
2
vy

Low (i S

A - MALE 60+ D N FEMALE 60+
n % ——:— MIDDLE Ht~ 7 3 i
2 L R ———= HIGH #7732 v
0 1 [] 1 [l 1 1 1 i 1 (]
0 2 4 6 8 10§ o 2 4 6 8 10

YEARS AFTER TEST #i#ik ot i

The age-adjusted incidence of stomach cancer was
significantly higher among men with achlorhydria
than among men with normal stomach acid secretion
measured by the Diagnex Blue test (Table 7).
There was also a suggestive trend in the same
direction among the women who had been rested.
However, the numbers of cases within each age
group are rather small.

One man and one woman who had normal stomach
acid secretion on Diagnex Blue testing in 1959
later had tissue proof of stomach cancer. [n the
“*normal”® man, the diagnosis was made 2 years
afrer Diagnex Blue testing, but in the ‘*normal”
woman, the diagnosis was not made until 9 years
after her Diagnex Blue test. Among the achlorhydric
patients with stomach cancer, the diagnosis was
usually made about 4-6 years after testing, but
there was wide variation from this general rule.

Other Diagnoses. A period prevalence of gastric
ulcer, duodenal ulcer, anemia, and tuberculosis was
calculated (Table 8). The prevalence of these
conditions was unrelated to the results of the
Diagnex Blue tests. Whereas 16 of the 18 stomach
cancer patients had been achlorhydric, Diagnex
Blue abnormalities were not related to the subsequent
overall survival rates of tested persons (Figure 4).
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FIGURE 4 SURVIVAL RATES BY INITIAL STOMACH ACID LEVEL, AGE AND SEX
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TABLE 6 DISTRIBUTION OF DIAGNEX BLUE TEST RESULTS AND STOMACH CANCER INCIDENCE
% 6 Diagnex Blue iERREO S AH L UBEREESE
~ Disgnex Blue Test Subjects L btom?ch Cancer 4 = : .
v Diagnex Blue % T lo_ta_] #H Definite 3% i B &
Number #1288 % Number ffit %
Total Total Bt 1213 18 1.5 13 1.1
&t Achlorhydria i g AT 539 16 3.0 11 2.0
Hyvpochlorhvdria i T 194 0 0
D.B. Test normal D.B. B F 480 2 0.4 2 0.4
Men Total # 460 11 2.4 7 1.5
% Achlorhydria AR 205 10 4.9 6 2.9
hypochlorhvdria A AT 81 0 0
D.B. Test normal D.B. BEE¥% 174 1 0.6 1 0.6
Women Tatal Fi 753 i 0.9 6 0.8
& Achlorhydria =R 334 6 1.8 5 1.5
Hypochlorhvdria badi g 113 ] 1]
D.B. Test normal D.B. M&EEH 306 1 0.3 1 0.3
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TABLE 7 INCIDENCE (RATE/YEAR/1000) OF STOMACH CANCER BY RESULTS OF DIAGNEX BLUE TEST
Diagnex Blue 4 7 #5511

#7 BEOBERE.

Achlorhydria R iE

H_vpoch-lorh_vdria T e

" D.B. Test Normal 1 & F %

Sex Age at st Test
f‘-F Examination Person Rate/ Person Person Rate/
= sy Eas  Oubjects Years Cancers 1000 Subjects Years Cancers Subjects Years Cancers 1000 W
HEHHE AE #AN HE O HQHAH O AF WHE SREE OANE W g
Men All ages & i 205 1582 10 6.3(5.1) 81 612 0 174 1288 1 0.8(0.9) *=*
% < 50 84 671 0 39 305 0 117 859 0
50-59 55 143 4 9.0 18 143 0 35 267 1 a7 NS
60+ 66 168 6 12.8 24 165 0 22 162 0 NS
Wamen All ages i@ 334 2608 6 2317 113 a02 0 306 2431 1 0.4{0.6) Sug.
i <50 167 1351 0 ; 71 559 0 230 1829 0
50-59 102 789 2 &b 29 239 ] 51 418 1 24 NS
60+ 65 468 4  B6 13 103 0 5 183 0 NS

** Significant at 1% level;
1 %REETHE A

Sug. — Suggestive (.10>P>.05);

NS —Not significant (P>.10)
H#ETE

Numbers in parenthesis are age adjusted incidence for each sex (using age distribution of total sample as a standard population).
Ao ZHOHE, EHREOERSHESERANE LTHC B0 B L I RO ERITIERER S T+,

TABLE 8 PERIOD PREVALENCE OF OTHER DISEASES AMONG DIAGNEX BLUE TEST RESULT GROUPS

78 Diagnex Blue MifE&5 SR (2

ARt 5N S o AR o A AR

B &

Cliss Men _W omen
e Achlor-  Hypochlor- D.B. Test Achlor- Hypochlor- D.B. Test
(% 5 hydria hydria Normal hydria hydria Normal
AR A D.B. MEEH  EEE WE DB, MiE R
Subjects i EE 205 81 174 334 113 306
Person vears A 1582 612 1288 2608 anz 2431
Gastric uleer cases ERTIE RN STR = 9 4 5 6 1 4
Prevalence/1000 000 A % /2 0 o F7 95 8 5.7 6.5 3.9 2.3 1.1 1.6
Duodenal ulcer cases 47 5 i 185 £F 4] £% 4 1 11 3 1 6
Prevalenee/1000 LO00 A 5 7= 1) 0 43 95 2 2.5 1.6 8.5 1.2 13 2.5
Tuberculosis cases 5 HLAE 9 47 17 37 57 16 44
Prevalence/1000 1000A % =0 o iR #E 29.7 27.8 28.7 21.9 17.7 18.1
Anemia cases il E (7 8 17 3 7 103 42 68
Prevalence /1000 1000 A % 7= 0 ¢ 5 E 10.7 4.9 5.4 39.5 46.6 28.0
Subjects who had Both Tests MEEE T EE

A total of 695 subjects had been tested both with
Diagnex Blue and for serum pepsin levels. Figure 5
shows the results of the two tests within this
smaller group. The numbers within each box refer
to the overlap of test results themselves. It can be
seen, for example, that 24 of the 36 persons with
low pepsins (67%) had also been achlorhydric. The
dots within each box represent the incidence of
stomach cancer, with each dot signifying one
diagnosed case. Most cancer patients who had
earlier been tested for both pepsin and acid had
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FIGURE 5 INCIDENCE OF STOMACH CANCER AMONG 695 SUBJECTS IN WHOM BOTH
SERUM PEPSIN AND STOMACH ACIDITY WERE TESTED (1959-62)

B5 M7 b LUBRERESLZL 69 Ao HEOEER

2 (1959—62 )

LOW PEFSIN 6 7 1) 24
7y v iH ® O
® o
MIDDLE PEPSIN 525 211 78 236
Ty vl ® ® @) L O
e o ¢
DEFINITE
L4 8 W B E
HIGH PEPSIN 134 43 27 64 O PROBABLE
R | o B IE T HE S
NORMAL HYPOCHLORHYDRIA ACHLORHYDRIA
i ¢ 1 R AE
261 110 324
DIAGNEX BLUE RESULT Diagnex Blue #i#f#5 %
been achlorhydric, and only one patient’s pepsin FREORETEIREETA ST, S0 FOY

level had been higher than 500 tyrosine equivalents;
It
instances the

his cancer was not confirmed histologically.
should also be noted

interval from testing to diagnosis was several years.

that in most

It is clear that the incidence of stomach cancer was
much higher in the group having both low pepsin
and achlorhydria than
group. Qver the
achlorhydria-low pepsin subgroup, which comprised
only 3.5% of the 695 persons who had both tests,
developed 4 of the 13 cancers (30.8%);
in fact, the achlorhydria-low pepsin
developed 3 of the 6
among the entire test overlap
first 4 years after testing.

comparison
the

in any other

entire follow-up period,

stomach
subgroup
stomach cancers diagnosed

sample during the

Radiation Dose

if
on the prevalence of low,
all
classified into 4 radiation dose groups (Table 9).
The 1599 persons who had pepsin assays and who

there was an A-bomb radiation
middle or high

To determine
effect
exposed subjects were

serum pepsin levels,

were known to have received no A-bomb radiation
were excluded from this anaylsis. The expected

numbers of persons with each of the three pepsin
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TABLE 9 PREVALENCE OF LOW OR HIGH LEVEL OF SERUM PEPSIN BY RADIATION DOSE (T65 TOTAL DOSE)
AMONG A-BOMB SURVIVORS

#9 BREERECHEAMITT L R E 2 S E OB BB (TE5 ) I

Class . Total Radiation Dose #: 14 fit (rad) Test
% % it <9 10-39 40-179 180+ Unknown mpmy ME
Subjects s @ H H 5260 2185 1030 1156 607 282
Low serum pepsin observed (EMLi <7 & » #1858 315 130 57 69 45 14
Expected ¥ 8 130.0 62.6 70.2 36.2 16.0
O/E R B MERE B 1.00 0.91 0.98 1.24 0.88 NS
High serum pepsin observed & fLilf ~ 7 2 ¥ % 8 882 351 179 214 99 39
Expected H1#F & 364.6 174.3 195.4 103.1 44.6
O/E Wit s/ Wi ¥ 0.96 1.03 1.10 0.96 0.87 NS
levels within each dose group (age and sex adjusted) Hiz, Won@EBEEET, &, b, 2-EEXTL 0@

were calculated. The basis for this calculation was
the hypothesis that there existed no difference in
the prevalence of low, middle, or high pepsin AT, HMEEERERORST I, HmEREolE
results among the four radiation dose groups. i

Thus, the ratio of observed to expected persons is Bl RORT LI, & &, BMHCT S
similar to a measure of relative risk. As shown in VIHOEE I OB RN OIS H o
Table 9, there were no differences in the prevalence

of low, middle, or high serum pepsin levels dmong

DEEIZEFN TV vwIRENE T EbhE. LE

the 4 radiation dose groups. FIRE Lz, #1012+ & 512, $&E Diagnex Blue i &
Similarly, there was no significant correlation BREOBIZIZHEE ZHMMEEE» - 2. Knittle 12
between radiation dose and the results of the V0BCERTIZIR 1 6530123 LA~ 5 A%, 2 0 I (4 45t B (3

wh L w0 pE s il FEL Gk S

Diagnex Blue tests, as shown in Table 10. Knittle
came to the same conclusion more than 10 years FahTthsad, BLrsonEossd b 1207
ago,’ but at that time only distances from the

hypocenter, and not doses of radiation, were W s

available.

Time Intervals B P O RS S

A total of 112 patients of the 6859 who had serum ABCC 12 1 CHLIE R 75 ¥ B & 2 1 7= 4 B % 6859 %

pepsin  levels determined at ABCC have since

developed stomach cancer. Of the 112 patients, PR 112 B2 ORBEAITREL 2. BF 112 %584

TABLE 10 PREVALENCE OF ACHLORHYDRIA OR HYPOCHLORHYDRIA BY RADIATION DOSE (T65 TOTAL DOSE)
AMONG A-BOMB SURVIVORS

F10 BUBHEREIC BT AEREE S IIMEBIEO HHE . WIRSE (T

Class Total - Radiation Dose % I it (rad) Test
[ESG: it <9 10-39 40-179 180+ Unknown ey FiiE
Subjects & EH 948 399 235 194 6 44
Achlorhydria observed I 8% 5 22 8 420 184 95 92 £ 18
Expected W0 8 175.1 105.4 87.1 34.3 18.1
O/E  mMe%H /iy 1.05 0.90 1.06 0.91 0.99 NS
Hypochlorhydria observed i i 4 81 %7 & 148 G0 45 25 14 4
Expected W1i¥ £ 62.9 36.3 30.2 11.8 6.8
[OFAONNNE 'S -3 S U RE:E 4 0.95 1.24 0.83 1.18 0.59 NS

14



gastrectomy was done for 58, and a mean of 2.2
months elapsed from the date of earliest diagnosis

of stomach cancer to gastrectomy.

Of these 112 pepsin
stomach cancer, 90 have died.
patients, 39 had had a gastrectomy,
average of 21.9
diagnosis was made.

patients who developed
Of the 90 deceased
and
their
The 51 patients who refused

or were not offered surgery survived an average of

survived an months after

only 5.5 months after the date of earliest diagnosis.

The results of the pepsin tests did not correlate

with the time intervals mentioned above. Qnce the
diagnosis of stomach cancer was made, low pepsin
patients fared no better nor worse than did the
patients in the comparison groups. However,

testing and diagnosis were usually separated by
many years, and in most cases the pepsin level at
the time of earliest diagnosis is unknown.

Among the 18 Diagnex Blue patients who subse-
quently developed stomach cancer, the relevant time

intervals were similar to those in the pepsin series.
Signs, Symptoms, and Family History

It was found that before the time of earliest
diagnosis many persons with stomach cancer had
signs
with stomach cancer (Table 11). A positive stool
blood (benzidine test) the
diagnosis of stomach cancer in more than 2/3 of the

cases, while just over half of the diagnosed patients

and symptoms which are often associated

for occule preceded

complained of epigastric pain at some time before
diagnosis. A 5 pound weight loss over a period of
2 years or less was reported in nearly half of the
patients who

were subsequently diagnosed as

TABLE 11

they -

Zx L B UBEm AT bR, BEBORBE AR
T 6 H BTN 2 T oI
Hot.

Zah
it FEH2.2 »AT

HEOEE L
EF'BUﬁﬁ?&ttf .
¥R TwA. Zh5
21.9% AEFEL /.

15NRF Ly RELEZITLEAH 12 B
ﬁLLﬁﬁ?%%¢£ﬁ#ﬂm%m
DBHIE, BEZILETEY
SR FEA #IES, £ 3EH 6N

Lo BESEE, RUOZEALEDEELTS LS A,
HAEMHFL -~

NFTL v RBEOER T, FEomERMEE L oA
Abohih-, BELEZBHaATHGE, EBEAT S

VEBEORIED, EFCHTAEEICES, KED
Brohotk, Ly L, FaA e Bk & o Bz, RE B
ARBLTHEY, 2LOBARMOBHIGO T L V|
ETAHTH S,

Diagnex Blue M4 T 3B BHATEE LB AISH
DB AREMAMERRIE, T v EEE N AEOZ R
EFELL Tw.

SR, ER S S UREE

HEOBHAMOTAEsRAMMZIE<OHIILITLIE
'ﬁ”?ﬁ; LS L EENT W AMIEL L URERNTT
koIl b bhho (#£11). HEE S & N5 L0
12, BEOHRLLECEO MG ( Benzidine id ) A7
i 5‘ BLTwA. fhh, HEEBHishZEHEDLT 2
D hE A BETIE, BT EESMOKL N H - .
ra*aEi, R LB BEO/MERIZ, 3E2 580

MIZ5E> FoR@ERPFREOhTVWEN, Zhed
EEACOERERDPIEABCCII LT —ENRIOL &

PREVALENCE OF RELEVANT SYMPTOMS, SIGNS, OR FAMILY HISTORY

AMONG ALL STOMACH CANCER PATIENTS WHO HAD UNDERGONE PEPSIN AND/OR ACID TESTING

#£1l ~FyryiliERGL L BRBERES T ASEREE LT AR, B2, A3 FEROMAE

Class Yes % No Unknown Total
% 5 B zL 0 it

Epigastric pain |- 1% fn 64 54.7 53 117

Early satiety R 18 15.4 19

Oceult blood in stool {8 @ ¥ i R A5 80 68.4 37

Anemia (Het < 35) B (~= 7y b<35%) 41 35.0 76

Weight loss(5 pounds over 2 years) 54 46.2 63

RE D 2RISRy F)

Family history 1 15 19.0% 64 38 117

{Only the clinical findings before a diagnosis of stomach cancer are tabulated)

(o ensilzs T 2EERROL %6 2 25H)

* Percentage among only those persons with adequate family histories recorded
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having stomach cancer; in nearly all of these cases,
the weight loss was documented under standard
conditions at ABCC. However, weight losses of as
much as 10 pounds, even over a 2-year period, were
unusual. Only about 1/3 of the stomach cancer
patients had a hematocrit below 35% at any time
before diagnosis, even though all patients had

complete blood counts determined biennially at ABCC.

Early satiety, perhaps the most specific symptom
of stomach cancer, was recorded in only 15.4% of
the diagnosed patients’ medical records, but it is
uncertain how often the pertinent question was asked.

The time intervals between the development of these
signs or symptoms and the diagnosis of stomach
cancer varied greatly. In some cases the diagnosis
was made on the same wvisit during which the firsc
positive stool, low hematocrit, or 5 pound weight
loss was documented. However, it was not uncommon
to find that several years elapsed between the
onset of suggestive signs and/or symptoms and the
first diagnosis of stomach cancer,

Again, less than 1/5 of diagnosed patients gave a
positive history of stomach cancer in . fheir
but in 38 of the 117 medical
records no adequate family history was recorded,

immediate families,

We have not determined the percentage of positive
family histories among Adult Health Study subjects
who do not have stomach cancer themselves.

Environmental Factors

In 1963-G5, information concerning socioeconomic
conditions and such individual habits as smoking
and drinking was obtained at ABCC by interviewing
all  Adult Health Study members examined. The
data obtained are available on almost 80% of the
present study sample.

To investigate the relationship between those
environmental factors or habits and levels of blood
pepsin or prevalence of achlorhydria, X2 tests were
performed to determine whether or not such environ-
mental variables are homogeneously distributed
among the three blood pepsin groups or the three
Diagnex Blue groups.

There were no environmental factors except education
level which showed a significant and consistent
relationship to the level of pepsin or prevalence of
achlorhydria. It should be noted that educational
level is considered to be the best single index of

sociocconomic conditions among Japanese.

As shown in Table 12, the prevalences of low
pepsin levels and achlorhydria were higher in the
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TABLE 12 PREVALENCE OF DIAGNEX BLUE ACHLORHYDRIA OR LOW SERUM PEPSINS
AMONG PERSONS WITH DIFFERING LEVELS OF EDUCATION

£12 HBFREORL - ~HOEO Diagnex Blue fiF I

& B EEREAE F - MBI T Y OB

Education #7#

Class - No Information
% 4 Total 3  Low {& Middle &= High & BE L
Sample nEE B 1017 516 418 83 234
Achlorhydria % MEENHZEN% 51.0 35.6 42.2
Sample FER 5121 2753 2009 359 1763
Low serum pepsin level % 5.4 6.0 4.9 3.1

EmME~ATy »#lNI5ED%

low education level group.
then,
incidence of stomach

This fact is consistent,
with previous studies which indicate that the
cancer is highest in low

socioeconomic groups.l4

DISCUSSION

Measurements of serum pepsin and stomach acid do
not reflect the activity of the stomach lumen, but
they estimate the potential of the gastric mucosa.
Ar_‘cording to Spiro,ls a low level of pepsin in the
blood or urine reflects the absence of chief cells
and, because acid disappears before pepsin, the
Thus, low blood

pepsins are an index of atrophic gastritis. 16

absence also of parietal cells.

the chief cells are
functioning, but outflow into the stomach lumen is
blocked. Backflow into the blood occurs, and
serum pepsins are high. The
achlorhydria and a high or even normal serum pepsin
the patient often indicates superficial
gastritis.13  On the other hand, the finding of both
achlorhydria and a low pepsin in the same patient
correlates with gastric atrophy. 17-19

When gastritis is superficial,

coexistence of

in same

There is general agreement that many patients with
gastric atrophy tend to have low pepsin levels15: 1921
It has been recommended that the persons with this
anatomic precursor of stomach cancer be identified
studies and followed so that
stomach cancer incidence in this higher risk group
can be studied.® However,
previous studies in which a large population has
been followed prospectively for several years to

through population

we are unaware of

determine the predictive significance of a pepsin
level below 200 tyrosine equivalents, which Spiro

feels correlates with atrophic gastritis.

In 1952,
method

Mirsky et al first described a pracrical

for the determination of serum pepsin

FroTizdT,
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activity.22  Spiro et al in 1955 modified Mirsky’s 19554F 12 Mirsky =& &L, 8 &

21960 12 Knittle
8 1 ) 1 i (S oy E=
method,® and in 1960 Knittle reported that Spiro and 1t Spiro 5 #° ﬁi#s&ﬁ!ﬂ 5 ORI A ?1 ¢ T ABCC ©

DAZ) == ZIZHHT22 59 A 8EEEEMEL
lEEEL AT

co-workers had developed a microtechnique
suitable for screening at ABCC, where the volume
of blood collected from each person is small,?

We report here a follow-up of the nearly 7000 19591F 4 5 1962 M RTIZ, ABCC T A7 v & &4
persons who had serum pepsin assays at ABCC FH T L DR E o wT = s EE Yt s -

95¢ 962. The d how a defini ko =
_b(:'tWt"r:n 1)'51) and ?)62 The ~ata show a definitely DEET L, J]fll?f*-Tf\‘f S VAT 200 F 0 Y MR FT
increased risk of stomach cancer among men whose

serum pepsin levels had been below 200 tyrosine BolFIZ, BEORREFME GV LERLT

equivalents. A trend towards increased risk of w3, XYY EOEVETIL, |3'J.E'J)f_‘pi%-._i‘2’,"}|1u’}f':ﬁ
stomach cancer among low pepsin women was not MIEEIECHMETIE A oA, ZOBLE0MEILMH

as i arent; the reason for this sex difference i - = e i e o
7 appasa 2 2 ditfecpnce: is EATHL. RTYSRES, WECZELCRAL DT

WEMTHZHEABTFIZEOT, filibs27)—=

not clear. We conclude that the pepsin test is a
valuable screening test for stomach cancer in

Japanese men, a population markedly susceptible to YIRMBEETHHEDERHIIELE. OFIETO 2
the disease. " - value as a screening tool in other TV -y IHERE LTOMMIE, &5 MEL ERE
countries will have to be proven through further LTEHT30BERE S 5. KERY, AEDIIOE~

studies. It is hoped that our data will interest
investigators in studying the predictive value of the

ZETEAT Y v EOTMAME LTRSS ED

pepsin test in countries other than Japan. MLEVCZ L2 MFFLTVS
Interest in the clinical and epidemiological value of ART v EEOBEY L O S0 e AL
the pepsin test is comparatively new. Ho_w;rver, WEEET Lu, LA L, BEmoillEizts @iy

there has long been interest in stomach cancer et y g i i
g Ser i S EVWHBEOAEA N T &, Van Der Velden
screening with measurements of stomach acidity.

Since 1879 when Van Der Velden first suggested an AEMERERE & B & OB O P & B TR L A 18794
association between achlothydria and stomach DY ok aBEOEET S LM EL J}HT"‘ &
cancer,23 it has been clear to most investigators IDE S THIS 2z X 7,000 Gl e 1 0 28k e I |
that such a relationship is real.24-32 Some have T ATIBL | Th 2 L RELAEX 2 H -

even postulated that the acidless stomach is
““fertile soil’”” for the development and growth

oo o 1955%F, Segal 51, Azure A ( Diagnex Blue ) % 5

b, BBA4 v mBE s ToO&REEREL 2.9 pH
In 1955, Segal et al published their results with AR5 DL F OB AL, BIIS & ek e U, kb2 g e
Azure A (Diagnex Blue), a cation exchange resin. SN, BELRES H< _{;@ ETHE Eh5. Segal I3,

In the presence of a pH of 3.5 or lower, the S 2 femblinind .
resindye dissociates, and the dye is absorbed and % 7 =4 Y EBHRPWAHA L LTHOTHBREOBIE
eventually excreted in the urine, which it colors TR #WET5 L L bz, BEMFR+BREND 5%
blue. Using caffeine as the pretest gastric IBEZA32LHT%7.
stimulant, Segal was able to avoid any false
positive revports of stomach acidity and to restrict 2 1%, Poliner 5% |3, *F“_ BUAMEEOEET
false negative reports to 5% of the sample.

FhE L 7z Diagnex Blue MiTE D T, 5% EMIETH -

-J'x:é‘a”—t-L/”;. Lo by Jﬁ‘ﬁ'&i‘;i:;%%"‘?fé-fﬁﬁ’ﬁii, E]

Two years !amr, Pa.liner et al34 reported thaf in a WIZEELZMAN S > E2SNAEHOS b, 75%
small American series 15% were achlorhydric by E T T S

Diagnex Blue. However, 75% of these supposed oL RMARO S0 FELL, WMEO R
abnormals had ample stomach acid by intubation o2 IZENLERTERETHII A0 ZDBEEDH H—E
gastric analysis. The authors concluded that false EELCIELTVwS EHEHRL L.

reports of achlorhydria seriously hamper the role of
an admittedly convenient test.

Poliner & (%, Diagnex Blue ETH 7 = 4 ¥ & W il5
FAE A X LT H D - B Jrl, BREEOBIER RS

: ] : : BLIRDSNEZOTHEVALDREEL SR, £
Poliner et al were correct in suspecting a high - Ny Al ey e I I o
false positive rate when caffeine is used as the NAFELH 2RI EFBENEOMIZEVWTHE,IZ

35-38

In the past decade, it has become clear that

gastric stimulant in the Diagnex Blue test.35-38 iy
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Perhaps the most accurate and reproducible test of
stomach acidity is still the augmented histamine
1953.39 However,

premedication with antihistamines fails to prevent

test devised by Kay in even
some of the annoying side effects of histamine,
especially pain at the site of the

injection, facial flushing and headache.

subcutaneous
These,
along with the intubation itself render the augmented
histamine test of Kay unsuitable for use as an

initial screening procedure in population studies,

Ward 49 Tanoue 41
have shown that oral Histalog produces fewer side
than (which
orally) and is as good a gastric stimulant.

and, more recently in Japan,

effects histamine cannot be given
In the
last 5 years, pentagastrin, a synthetic gastrin-like
pentapeptide, has begun to replace histamine as a
gastric stimulant. Minimal side effects and the
resemblance to natural gastrin are its most attrac-

tive features.42,43

the Diagnex Blue
test remains a popular tool in population studies,
in Japan as elsewhere.44 Attempts have been made

However, despite its drawbacks,

to improve the reliability of the tubeless gastric
analysis, concentrating on the inadequacy of the
caffeine stimulant. Late in 1959, Segal recommended
that oral Histalog be substituted for caffeine as the
stimulant.43:46  Spiro has suggested that
“*achlorhydric’ by Diagnex Blue
be retested with maximal doses of subcutaneous

the

gastric
patients initially
being substituted for caffeine as
stimulant in the tubeless test. 13

histamine

At the time Knittle began his studies at ABCC,
the caffeine-Diagnex Blue
test was the most widely used clinic screening test
of stomach The high
achlorhydria found here in 1959 was
render impractical the use of gastrointestinal series
in the further study of all abnormal acid secretors.

however, conventional

acid secretion. rate of

thought to

However, our follow-up of Knittle's original cases

indicates that the Diagnex Blue test, despite its

shortcomings, might have a role to play as an
initial screening tool. At the present time, the
Knittle series is reladively small for incidence

purposes, even in Japan where the attack rate of

stomach cancer is high. However, the trend towards
an age adjusted increased incidence of stomach
cancer among the persons who had been achlorhydric
in 1959 is striking.
The finding might take on additional statistical
significance as Knittle’s population becomes older.
In the only studies which clarify the time relation-
ships involved, Comfort has shown that achlorhydria
can precede the development of stomach cancer by

as long as 20 to 25 years in some patients.3
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While the Diagnex Blue test is not the most sensi-
tive test of the acid secretory mechanism, the fact
that a large number of our clinic subjects have had
the test points up the need for future follow-up of
Knittle’s Diagnex Blue population.

An additional facet of Knittle’s work which deserves
further study is the unusually high rate of abnormals
(by Diagnex Blue testing) found in the Adulc
Health Study in 1959. Although the estimate has
been lowered as more accurate tests have evolved,34
it was widely felt in 1959 that the rate of achlor-
hydria in the United States population over 40 was
between 15% and 20%. Grinspoon and Dunn had
recently shown that in spite of a 3-fold increased
risk of stomach cancer when compared with Caucasian
controls, Nisei and [ssei Japanese living in
Los Angeles 'Ad the same prevalence rates of
achlorhydria by Diagnex Blue testing.4?7  Mexican
Americans, in the latter study, had rates of achlor-
hydria approaching those reported from here by
‘Knittle. But even for Japan itself, Knittle’s
figures for Diagnex Blue achlorhydria prevalence are
unusually high.4% Realizing this, Knittle retested
75 of his patients with initial reports of achlorhydria;
20% were now “‘normal’’. Knittle concludéd that
even presuming a 20% false positive rate for the
Diagnex Blue test, the prevalence of achlorhydria
among the Japanese tested was high.

At the present time, we are conducting a stomach
cancer screening program within the Adult Health
Study which may shed considerable light on the
prevalence of Diagnex Blue achlorhydria among
Japanese.48  We offer all nongastrectomized men
and women examined at ABCC an outpatient
Diagnex Blue test as the initial screen. However,
unlike Knictle, we are collecting even this first
urine at ABCC to reduce the false positives which
occur when people misunderstand the test procedure.
All those with an initial report of achlorhydria are
offered a second Diagnex Blue test, with ABCC
ward nurses controlling all test conditions. Those
with persistently abnormal Diagnex Blue tests are
offered an wupper gastrointestinal X-ray, and
abnormal X-rays lead to gastroscopy, an augmented
histamine test, and when necessary, surgical consul-
tation. We have recently added anti-parietal cell
antibody testing4%,59 to this routine, and in the
near future will be measuring serum pepsins on all
persons in the study.

The possibility that several tests used together
may contribute significant predictive information is
supported by our finding that among the 695 patients
who have already had both the pepsin and Diagnex
Blue tests, the incidence of stomach cancers in the
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achlorhydria-low pepsin subgroup has been signifi-
cantly higher than in the comparison subgroups.

By greatly increasing the number of persons who
have both tests and by adding the parietal cell
immunological test to the program, we hope to
better define the *‘risk factors’® for stomach cancer.

Because of the possibility that radiation might
itself be an additional risk factor in the already
stomach cancer prone Japanese, there has long
been concern with an interest in stomach cancer at
ABCC. However, all ABCC studies of the
problem have failed to show an A-bomb radiation
effect on the prevalence of stomach cancer.31-53

The data presented here which show no correlation
between radiation dose and the results of the pepsin
and Diagnex Blue tests are not surprising in view
of Knittle’s original conclusions.’ However, his
statements were based on distances from the
hypocenter ATB and are now corroborated by the
more accurate dose data.

, as used in this report, is less
precise than *‘pepsinogen’ . Mirsky et al22 believed
that pepsinogen is secreted into the circulation by
gastric cells, but that with acidification of serum

The term ‘‘pepsin’’

during testing, conversion to pepsin takes place.
Spiro et al8 and Knitele? used the term *‘pepsin’’ to
mean the same peptic activity (measured in blood as
tyrosine
Dr. Knittle’s data, the terms *‘pepsin” and ‘‘serum
pepsin’’ are used in this report.

equivalents). Since we are using
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