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Fiz. 2. The mean breath AMCQy values at various time points collected
through the mouth in H. pvlori-positive and -negative patients, Valees are
signiticantly different at 3min and later (P < 0.02).
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Fig. 3, The mean breath A'3C0; values at various time points collected
through the nostril in H. pyvlori-positive and -negative patients. The breath
AMCO, values at all time points were higher in H. pylori-positive paticnts
than in H. pylori-negative patients (P < 0.003),

pylori-negative patients (P < 0.02). When breath samples
were collected through the nostril, the breath A'3COa value
at 1 min was already higher in H. pylori-positive patients
than in H. pylori-negative patients (P < 0.003) (Fig. 3).
Tables | and 2 show that the cut-off values for the mod-
ified UBT, as well as for the standard UBT, were optimal
at each time point. At the 20-min sampling point, the sensi-

Table |

tivity and specificity of the modified UBT were both 100%
using 2.5%c as the cut-off value, whereas the sensitivity and
specificity of the standard UBT were 97.7 and 94.2%. re-
spectively. using 3%c as the best cut-off value. At the 15-min
sampling point. the optimal cut-off values for the diagno-
sis of H. pvlori infection were identified as 3.5% in the
modified UBT and 5.0¢%¢ in the standard UBT. The sensi-
tivity and specificity of modified UBT and standard UBT at
15 min were 93.0 and 98.8%. and 90.7 and 95.4%. respec-
tively. When shortening the duration of the test and sam-
pling at |0 min, the modified UBT had a sensitivity of 93%
and a specificity of 95.3%, using 2.5%c as the best cut-off
value (Table 1}. The modified UBT was more accurate than
the standard UBT for determining H. pylori infection with
superior sensitivity and specificity (P < 0.001).

4. Discussion

Various modifications of UBT have been reported, includ-
ing changes in dosage of urea. type of test meals used, timing
of sample collection and position of patients [1,7,12-15]. A
Japanese standard protocol was proposed in 1998 as having
high sensitivity and specificity for UBT [1]. In this method,
the patients who have fasted are given 100 mg of '*C-urea
in 100 ml water and then their mouth is immediately rinsed
with water. After that they are placed in the left lateral de-
cubitus position for 5 min. Breath samples are collected at
the baseline and at 20 min after ingestion of '*C-urea. The
cut-off value of UBT for the diagnosis of H. pylori infection
is 2.5%e.. If UBT results are not affected by urease activity in
the mouth, it is possible to decrease the duration of the test.
The shorter the duration of the test, the more convenient it is
for the patient. In addition, it becomes possible to eliminate
the problem of false-positive results in late breath samples
caused by urease-producing bacteria in the intestine.

To avoid interference by oral bacteria, we can change ei-
ther the administration route of '>C-urea or the collection
route of breath samples. Some investigators have reported
the endoscopic UBT in which the 3C_urea was directly into

Sensitivity, specificity and accuracy of the modified UBT in which breath samples are collected through the nosteil at each cut-oflf value

Cut-off Sensitivity (%) (sampling time) Specificity (%) (sampling time) Accuracy (%) (sampling time)

value {A%0) 10 min 15 min 20 min 10 min 15 min 20min 10 min 15 min 20min
1.0 100 10 1060, 45.3 156 640 63.6 304 76.0
L5 97.7 100 100 76.7 60.5 872 837 73.6 915
20 971.7 97.7 100 89.5 93.0 6.5 92.2 94.6 917
25 93.0 92.9 160 95.3 95.3 100 9.6 96.1 100
10 90.7 95.3 953 96.5 96.5 100 9.6 96.1 98.4
15 88.4 930 95.3 97.7 98.8 100 946 96.9 98.4
4.0 88.4 90.7 93.0 97.7 93.8 100 946 96.1 91.7
4.5 86.0 884 93.0 971.7 98.8 100 938 95.3 97.7
5.0 81.4 884 90.7 98.8 98.8 100 93.0 95.3 96.9
5.5 814 86.0 90.7 98.8 100 100 930 95.3 969
6.0 814 83.7 90.7 98.8 100 100 93.0 94.6 969
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the stomach, bypassing the oral cavity {9-11]). These endo-
scopic UBT show high sensitivity and specificity. Unforiu-
nately, the need for endoscopy makes these tests costly and
inconvenient for the patient.

An altemative method in which interference by oral bac-
teriz can be avoided is the modified UBT in which breath
samples are not collected through the mouth but through
the nostril. In the H. pylori-negative patients who have
urease-producing bacteria in the mouth, 13CO- produced
by oral bacteria should contaminate the exhaled breath and
result in positive tests despite **CO» is not produced in
the stomach. This minor change alone was more effective
for avoiding imterference with orat bacteria than expected
in the present study. At 3min and all subsequent time
points, the breath APCO, values were significantly higher
in H. pylori-positive patients, compared with those in A.
pylori-negative patients (Fig. 23, The breath A'*CO; vatues
at 15 min and thereafter were not atfected by the difference
in the route of sample collection. From these results, in
patients with oral urease activity, urea hydrolysis occurred
in the mouth so that, by 15min, !*CO; excretion had re-
tumed to near-baseline values. These suggestied that when
collecting breath samples through the nostril, the duration
of the test might be decreased.

For the standard UBT, in which breath samples are col-
lected through the mouth, the 20-min sample is thought to
give accurate results, which are not affected by oral bacte-
ria. In other words, it is difficult 1o determine the H. pylori
intection by the standard UBT earlier than 20 min. Actually,
the optimal cut-off value of the standard UBT was 5.0% at
20 and 15 min. and increased 10 3.5%¢ at 10 min (Table 2).

In contrast, the optimal cut-off values of the modified
UBT were lower than those of the standard UBT ar all
time points, At the 20-min sampling point, the sensitivity
and specificity of the modified UBT were both 100% using
2.5%¢ as the cut-off value. Since the mean breath A3CO»
values of moditied UBT at | min was already higher in H.
pylori-positive patients than in M. pyleri-negative patients
(Fig. 3), we attempted to calculate sensitivity and specificity
at earlier time points. The optimal cut-off value of the modi-

fied UBT for the diagnasis of H. pyleri infection were iden-
tified as 3.5%¢ at 15 min with high sensitivity and speciticity
more than 93%. When shortening the duration of the test
and sampling at t)min, the modified UBT had a sensitivity
of 93% and a specificity of 95.3%. using 2.5% as the best
cut-off value (Table ). Since these results were compara-
ble to those of serological dests [16,17] and previous repons
[2.5). we suggest that 10 min after ingestion of ’C-urea is
sufticient for the clinical use of UBT, and the shortening of
the test duration is a feasible option. '

Indeed, the shorter the duration of the test, the more con-
venient it is for the patient. The sensitivity and specificity of
the modified UBT at 20 min were both 100% using 2.5% as
the cut-oft value. whereas both results at 15 min were less
than 99% (Table 1). Although it is desired that the duration
of 1he test is decreased, 20-min tinwe point should be selected
as the optimal sampling time in the modified UBT.

In the present study, we did not use the test meals ac-
cording to the Japanese Standard Protocol { 1], although test
meals, including citric acid, have been used in most of the
previous studies because of its slowing etfect on gastric emp-
tying [14,15,18}.

A delay in gastric emptying can maximise the gastric res-
idence time of *C-urea and exposure time of the organisms
to '3C-urea. Therefore, the accuracy of UBT may be im-
proved by prolonging the contact of the test meal with #.
pylori urease. 1f test meals were used in the modified UBT,
the accuracy might increase at earlier time-point.

On the other hand, some investigators have reported high
sensitivity and specificity of UBT protocols without test
meals [1,6]. The disadvantage of a 1est meal in the UBT
has been noted when breath samples from early time-points
were used [7]). The aim of the present study is to detenmine
whether the duration of the test is decreased, Then, the mod-
itied UBT did not employ a test meal. The necessity for a
test meal in the UBT needs further evaluation.

Main indication for UBT is the confimation of successtul
H. pylori eradication therapy [3]. In Japan, it is currently
recommended that UBT be performed no less than 2 moaths
after the completion of eradication therapy. Since 13C0O,
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values in UBT after eradication therapy are likely to become
lower, reflecting a low H. pyvlori density. high sensitivity and
specificity of UBT are required for determining the results
of treatment. In addition. a clear recommendation of the
modified UBT for clinical practice is the diagnosis of active
H. pyvlori infection in patients with atrophic gastritis because
they are also likely to have a low density of H. pyvlori [19].
We will make a further study to evaluate the efficacy of
the medified UBT for determining the results of treatment
or H. pylori status in patients with severe atrophic gastritis,
especially in the elderly.

In conclusion, the simple modification, in which breath
samples are collected through the nostril, provides an easy
way of avoiding false-positive readings without need for
mouth washing, or supplying '3C-urea as a rapid-release
tablet. This easy procedure is well tolerated by the patient.
Considering that 2 more rapid, non-invasive and simple test
is desirable, we believe that the modified UBT is valid for
diagnosing active H. pylori infection in, clinical practice.

Conflict of interest statement

None declared.

List of abbreviations

CO»-, carbon dioxide; UBT, YC-urea breath test.

References

{1] Ohara S, Kato M. Asaka M, Tovota T. Studics of *C-urca breath
test tor dingnosis of Helicobacter pylori infection in Japan. ! Gas-
troenterol 1998;33:6-13.

[2] Savarino V, Vigneri 8. Celle G. *C-uren breath test in the diagnosis
of Helicobacter pylori infection, Gut 1999:45:118-22,

[3] Perri F. Ricciardi R, Merla A, Piepoli A, Gasperi V, Quitadmo M.,
et al. Approprindeness of urea breath test; a prospective observational
study based on Maastricht 2000 guideline. Aliment Pharmacol Ther
2002:16:1-H3-7.

[4] Gomollon E. Ducens JA. Santolaria S, Lera Omiste I Guirao R.
Ferrero M. et al. Breath test is very reliable for diagnosis of He-
licobacter pylori infection in real clinical practice. Dig Liver Dis
2003;35:612-8.

[5] Eggers RH. Kulp A, Tegeler R, Ludike FE. Lepsien Go Meyer
B, et al. A methodologica! amalysis of the '*C-urea breath test

for detection of Helicobacter pylori infection: high sensitivity and
specificity within 30 min using 75 mg of '*C-urea. Eur ] Gastreenterol
Hepatol 1990:2:437—44.

[6] Marshall BT, Plankey MW, HotTman SR, Bovd CL. Dye KR, Fricrson
Ir HE, ¢t al. A 20-minute breath test for Helicobucter pylori. Am )
Gastroenterol 1991:86:4385,

[7) Hamlet A, S1age L. Looroth H. Cablin €. Nystrom €. Pettersson
A, A novel tablet-based 'FC-ures breath west Tor Helicobacter pvlori
with enhanced performance during acid suppression therapy, Scand
J Gastroenuerol 1999:34:367-T4,

[8) Wong WM, Lam SK. Lai KC, Chu KM. Xia HHX. Wong KW. a1
al. A rapid-release 50-mg tablet-hased '*C-urea breath test for the
diagnosis of Helicobacter pylori infection. Aliment Pharmacol Ther
2003:17:253-7.

[91 Urita Y. Miki K. Endoscopic B¢ urea breath tesl, Dig Endosc
200(112:29-32,

[10] Isometo H, Incue K. Shikuwa S. Furusu H. Nishtyama T. Omagari
K. et al. Five minute endoscopic urea breath test with 25 myg of
13C-urea in the management of Helicobacter pylori infection. Eur J
Gastroenterol Hepatol 2002;14:1093-100.

[11] Peng NJ. Lai KH, Liu RS, Lee SC, Tsay DG, Lo CC, et al. Endo-
scopic "*C-urea breath test for the diagnosis of Helicobacter pylori
infection, Dig Liver Dis 2003;35:73-7.

[12] Klein PD. Graham DY. Minimum analysis requirements for the
detection of Helicobacter pylori by the Ceurca breath test. Am J
Gastroenterol 1993;88:1865-9.

[13) Leodolier A, Dominguez-Munez JE. von Arnim U, Kahl S, Peitz
U. Malfenheiner P. Validity of a modified P*C-urea breath 1est for
pre- and postireatment diagnosis of Helicobacter pvlori infection
in the rowtine clinical setling. Am J Gastrocnterol 199%:94;2100-
4.

[14] Atherton JC, Washington N, Blackshaw PE. Greaves JL, Perking AC,
Hawkey CJ, et ab. Effect ol a test meal on the intragastric distribution
of urca in the '*C-urca breath west for Helicobacter pyiori. Gut
1995:36:33740.

[15] Casellas F, Lopez 1 Bormue! N, Saperas E. Versarn M. de Torres
I, et al. The impact of delaying gastric empiying by either meal
substrite or drug on the ['3CJ-urca breath wst. Am T Gastroenterol
1999:94:369-73.

[16] Kindermann A. Konstantopeulos N, Lehn N. Demmelnair H, Kolet-
vko 3, Evaluation of two commercial enzyme immunoassays, testing
immunoglobulin G {IgG) and IgA responses. for diagnosis of Heli-
cobacter pylori infection in children. § Clin Microbiol 2001;3%:3591-
6.

[17] Andersen JC, Cheng E, Roeske M, Marchildon P, Peacock ). Shaw
RD. Detection of serum antibodies to Helicobacter pylori by an
immunachromatographic method. Am J Gastroenterol 1997:92:1135-
9,

[18] Gisbert JP. Vazquez MA, Jimenez 1. Cruzado Al Cuampio D. Del
Castillo E. ctal. B C-urea breath test for the diagnosis of Helicobacrer
pylori infection before treatment: is citric acid necessary? Dig Liver
Dis 2000532:20-4.

[19] Chen X, Haruma K, Kamada T, Mihara M, Komow K, Yoshihara
M. et al. Factors that affect results of the *C wrea breath test in
Japanese patients. Helicobacter 2000:5:98--103.



Digesiive Diseases and Sciences, Vol. 49, No. 5 (May 2004), pp. 795-801 (© 20b4)

Serum Pepsinogens as a Predicator
of the Topography of Intestinal Metaplasia
in Patients with Atrophic Gastritis
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EIKO KANDA, MD, MASAHIKO SASAJIMA, MD, and KAZUMASA MIKI, MD

The importance of atrophic gastritis with intestinal metaplasia is related to the fact that it increases
the risk of gastric cancer development. The aim of this study is to evaluate the diagnostic potential
of serum pepsinogens in predicting the topography of intestinal metaplasia. Both dye endoscopy
and '3C-urea breath test were carried out in 878 subjects. Serum pepsinogen I, pepsinogen I1, and
1gG antibody to Helicobacter pylori were measured. The overall prevalence of intestinal metaplasia
was higher in subjects with lower PG I/11 ratios and lower PG [ values. Based on ROC curves, a
cutolf value for pepsinogen I/l ratio of less than 3.0 would have identified intestinal metaplasia
with a sensitivity of 71.7% and a specificity of 66.7% in Helicobacter pylori-positive subjects. It
is possible that serum pepsinogens could be used as a screening test for high-risk subjects with

intestinal metaplasia.

KEY WORDS: intestinal metaplasia; serum pepsinogens; Helicobacter pylori; atrophic gastritis.

The clinical importance of atrophic gastritis with intestinal
metaplasia is related to the fact that it increases the risk of
gastric cancer development. (1-3). In the process of car-
cinogenesis, at least for the intestinal type of gastric car-
cinoma, it was proposed that the gastric mucosa evolves
through the stages of chronic active gastritis. glandular
atrophy, intestinal metaplasia, and dysplasia before devel-
oping gastric adenocarcinoma (3). The risk of gastric neo-
plasias rises with increasing grade and extent of atrophic
gagtritis (4). Atrophic gastritis is usually diagnosed with
endoscopy and biopsies. However, there is significant po-
tential sampling error in identifying intestinal metaplasis
by random biopsy because intestinal metaplasia of the gas-
tric mucosa is reported to be paichy. Thus we assessed the
topography of intestinal metaplasia using vital staining in
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this study instead of taking biopsies from the antrum and
corpus. The efficacy of using vital staining with methy-
lene blue to help identify areas of intestinal metaplasia in
the distal stomach and cardia, including Barrett’s esoph-
agus, has been documented (5-8). The results of staining
showed a good correlation with the histological grading
of intestinal metaplasia (9).

Although an endoscopic examination has a high relia-
bility for the diagnosis of atrophic gastritis, it is invasive
and stressful for the patient. In previous clinical studies
(10-13), serum pepsinogen (PG) is a known marker of
gastric mucosal status, including mucosal atrophy. Very
low serum PG I levels and a low PG L:II ratio are accu-
rate predictors of severe gastric atrophy and are frequently
found in gastric cancer (14-16). However, the severity and
topography of gastritis vary considerably between indi-
viduals. Recently, the serum PG method has been the first
screening step in Japan, instead of photofluorography (10,
11, 16, 17), because several problems have been noted,
such as its cost effectiveness, the risks of X-ray exposure,
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and its low sensitivity (less than 40%) in detecting early
gastric cancer (18). This has made it possible to screen
large populations without the need for endoscopy. Intesti-
nal metaplasia is usually diagnosed with dye endoscopy or
biopsies. Although the PG method has many advantages,
there have been no studies of relations between serum PGs
and extent of intestinal metaplasia. The aim of this study
is to evaluate the diagnostic potential of serum PGs in
predicting the topography of intestinal metaplasia.

MATERIALS AND METHODS

Between December 1999 and October 2001, the dye-
endoscopic study was carried out in 878 subjects who consec-
utively underwent upper gastrointestinal endoscopy, They were
322 men and 556 women, with a mean age of 58.1 years (range,
19-90 years). Exclusion criteria included prior gastric surgery,
pregnancy, or a history of Helicobacter pylori eradication ther-
apy. We also excluded subjects with a history of recent intake of
proton pump inhibitors, H2-receptor antagonists, or antibiotics
in the preceding month because we considered the possibility of
modification to PG levels as a consequence of medication.

Endoscopic procedures were performed by a single endo-
scopist (Y.U.). Patients first underwent standard upper en-
doscopy with examination of the esophagus, stomach, and duo-
denum, Next, a spray of 20 ml of 0.5% methylene blue solution
was applied sequentially to the entire gastric mucosa, Immedi-
ately after the application of methylene blue, approximately 50
to 100 ml of tap water was sprayed on the gastric mucosa to wash
off excess dye. Positive staining was defined as blue-stained mu-
cosa that persisted despite vigous water irrigation.

After methylene blue staining, the pattern of mucosal staining
was classified into four groups. For grade A, the positive staining
lesion is located at the antrum; for grade B, the positive stai-
ning lesion is found from the antrum to the middle part of the
lesser curvature aspect; and for grade C, the positive staining
lesion is in the antrum and the body of the greater curvature as
well as the lesser curvature.

All patients underwent a '*C-urea breath test (UBT) within
2 weeks after endoscopy. After overnight fasting, 20 m! of water
containing 100 mg of P C-urea was administrated to the patient.
Patients were kept in the sitting position during testing. Breath
samples were collected at baseline and 20 min after ingestion
of C-urea, '*C was measured as the '*CO,/'2CO; isotope ratio
and is expressed as A over baseline (%y). Breath samples were
analyzed by mass spectrometry. A change in the AC value
over baseline of more than 2.5%q was considered positive (19).
H. pylori infection was established by a positive UBT.

Blood samples for measurements of PG I, PG 11, and IgG anti-
body to H. pylori were taken prior 1o endoscopy, centrifuged im-
mediately at 4°C, and stored at —20°C until use. Serum PG con-
centrations were assayed using PG L and PG II Riabead Kits (20)
(Dainabot Co Ltd, Tokyo). Serum samples were also examined
for H. pylori antibody by an enzyme-linked immunosorbent as-
say (ELISA) using the EPI HM-CAP IgG (Enteric Products,
Inc., New York) assays (21). All assays were performed in ac-
cordance with the manufacturer’s instructions. The assays were
performed and quantitative ELISA values (EV) extrapolated for
each sample according to the manufacturer’s instructions. Assay
values thus calculated for each kit were interpreted as positive,
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negative, or indeterminate. The calculated ELISA is read as neg-
ative if the ELISA value of HM-CAP IgG is below 1.8, positive
if itis above 2.2, and indeterminate if it is between 1.8 and 2.2,

Data on serum PG levels and age are presented as mean + SD
(standard deviation). Comparisons of groups were made using
the paired 1 test. A P value <0.05 was accepted as indicating
statistical significance.

RESULTS

A total of 878 patients were included in the study and
underwent dye endoscopy and UBT. Of the 878 patients,
47 (5.4%) had an indeterminate result. The remaining 831
patients were classified into four groups according to posi-
tivity and negativity for H. pylori antibody and UBT: group
A (UBT{[+] and H. pylori antibody[+], group B (UBT[+]
and H. pylori antibody[—], group C (UBT[—] and H. py-
fori antibody [+]). and group D (UBT{—] and H. pylori
antibody[—]). Of the 83| subjects, 454 (54,6%) were al-
located to group A, 68 (8.2%}) to group B, 93 (11.2%) to
group C, and 216 (26.0%) to group D.

As shown in Table 1, group B showed a significantly
older mean age than the other groups. There was no sta-
tistically significant difference in sex distribution among
the four groups. Serum PG I level was highest in group A,
followed by group B, group D, and group C. Serum PG I
levels in groups A to D tended to decrease. Serum PG I/1I
ratio was lowest in group A.

Overall, intestinal metaplasia was present in 358
(65.4%) of 547 patients with positive serclogy and in 339
(64.9%) of 522 UBT-positive patients, whereas only 36
(16.7%) of 216 patients who tested negative on bhoth tests
had intestinal metaplasia. These differences were statisti-
cally significant (P < 0.001 by x? analysis). The preva-
lence of intestinal metaplasia was higher in group A than
inthe other groups. Despite the fact that the overall rates of
intestinal metaplasia were significantly higher in group A
than in group C{67.0 vs 58.1%; P = 0.0055, x? = 7.72).
the proportion of grade C was significantly higher in
group C (21/54; 38.9%) than in group A (69/304; 22.7%;
P < 0.01, x? = 6.98). The difference between group C
and group B (10/35; 28.6%; P = 0.32, x? = 0.99) was
not statistically significant (Table 2),

The overall prevalence of intestinal metaplasia was 52%
(455/878) and higher in subjects with lower PG V11 ratios
and lower PG I values, Intestinal metaplasia was found in
252 (82%) of 299 subjects with a PG I/11 ratio of less than
2.5 and in 58 (88%) of 66 subjects with a PG I value of
less than 25 ng/ml (Tables 3 and 4).

Receiver operating characteristic (ROC) analysis was
used to determine an optimum cutoff for serum PG { and
PG I/l ratioin distinguishing atrophic gastritis with versus
without intestinal metaplasia (Figures 1-4). As for PG I,

Digestive Diseases and Seiences, Vol, 49, No. 5§ (May 2004)



SERUM PEPSINOGENS AND INTESTINAL METAPLASIA

TABLE 1. CHARACTERISTICS OF THE FOUR GROUPS CLASSIIED BY POSITIVITY OR NEGATIVITY

FOR UBT AND SEROLOGY

UBT(+) UBT(~)
H. pylori H. pylor H. pylori H. pylori

H. pylori antibody antibody(+) antibody(—) antibody(+) antibody(—)
Group A B c D
No. of subjects 454 68 93 216
Age (mean + SD) 578128 527&£134 63.1 £12.9* 57.8 +14.2
Male/female 185/269 27141 3l/62 68/148
PG 1 (ng/ml) 6171283 550+ 28.0 42.8 £33.8 487+ 228

{95% CI) (59.1-64.2) (48.2-61.8) (35.9-49.7) (45.7-51.8)
PG I (ng/ml} 23.0k10.1 17.0£ 10.6 13.1 £9.15 9.07 £ 5.36

(95% CI) (22.1-24.0) 14.5-19.6} (11.2-15.0} (8.36-9.89)
PGIPGI 283&1.22 385£2.10 373+£233 557+ 1.64

(95% CD (2.72-2.94) (3.26-4.36) (3.254.21) (5.35-5.79)
P < 0.001.

the cutoff value that gave the most favorable sensitivities
and specificities was 60 ng/ml in group A, 50 ng/ml in
group B, 40 ng/ml in group C, and 35 ng/mlin group D, A
cutott value of 35 ng/m! in group D was the most favorable
among the four groups and would have identified intesti-
nal metaplasia with a sensitivity of 75% and a specificity
of 80% (Figure 4). As for PG I/II ratio, the most favorable
cutoff values in groups A to D were 3, 3, 4, and 5, respec-
tively. A cutoff value for PG /I ratio of less than 3 would
have identified intestinal metaplasia with a sensitivity of
71.7 and 67.6% and a specificity of 66.7 and 73.5% in
group A and group B, respectively.

Although cutoff values varied in each group, PG /I ra-
tio had achieved a higher sensitivity than PG in all groups.
Therefore, PG I/Il ratio was considered to be a more useful
index for distinguishing atrophic gastritis with intestinal
metaplasia than that without intestinal metaplasia,

DISCUSSION

It is now clear that intestinal metaplasia is a part of
the spectrum of atrophic gastritis with H. pyfori infection.
Xia et al. (22) showed that the prevalence of intestinal
metaplasia was significantly higher at the gastric antrum in
patients with H. pylori infection compared with uninfected

subjects. However, only a portion of infected patients go
on to develop intestinal metaplasia, suggesting that fac-
tors other than H. pylori, such as eavironmental and host
genetic factors, may contribute to the progression from at-
rophic gastritis to intestinal metaplasia. Previous studies
demonstrated the low prevalence of intestinal metaplasia
in some ethnic populations, despite a much higher preva-
lence of H. pylori infection (23, 24). This suggests that
H. pylori alone may be insufficient for the development of
intestinal metaplasia.

On the other hand, several authors (25, 26) have demon-
strated a reduction in sensitivity of serclogical tests for
H. pylori infection in patients with intestinal metaplasia,
The use of the serological test may result in a systemic
underestimate of H. pylori infection effect in any case,
As reported by Hala et al. (27), the detection rate of in-
testinal metaplasia increased from 48 to 75% when the
biopsy sites were changed from the anterior and posterior
wall of the corpus and antrum to the greater and lesser
curvatures and by adding one biopsy from the angular in-
cisura. Thus, sampling errors may affect the prevalence
of intestinal metaplasia. For these reasons, in the present
study, we assessed the topography of intestinal metaplasia
using vital staining and evaluated H. pylori infection using
a combined method with serology and UBT.

TABLE 2. PREVALENCE OF INTESTINAL METAPLASIA (IM) IN EACH GROUP

UBT(+) UBT{-)
Serology Serology(+} Serology(—) Serology(+) Serology(=)

No. of subjects 454 68 93 216
Grade of IM

None 150 (33.0%) 33 (48.5%) 39 (41.9%) 180 (83.3%)

Grade A 21 (4.6%) 2(2.9%) 3(3.2%) 6 (2.8%)

Grade B 214 (47.1%) 23(33.8%) 30 (32.3%) 17 (7.9%)

Grade C 69 (15.2%) 10 (14.7%) 2t (22.6%) 13 (6.0%)

Grades A+B+C 304 (67%) 35(51.5%) 54 (58.1%) 36(16.7%)

Digestive Diseases and Sciences, Vol. 49. No. 5 (May 2004)
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TABLE 3. ASSOCIATION BETWEEN THE PREVALENCE OF INTESTINAL
METAPLASIA (IM) AND SERUM PG [/II RATIOS

No.of Incidence

IM(+) M=) patients of IM{%:)
<l0 34 3 37 Ry
L.0-1.5 60 8 68 88.2
1.5-2.0 64 14 78 82.1
2.0-25 94 22 116 81.0
2530 61 28 89 68.5
3.0-3.5 50 28 78 64.1
3540 36 32 68 52.9
4.04.5 16 50 66 242
4550 11 44 55 20.0
>5.0 29 194 223 130

Sensitivity and specificity of available ELISA tests are
sufficient, generally ranging from 94 to 100% and from §7
to 100%, respectively (21, 28-31), and there is a very high
concordance between serology and UBT (29). However,
high serum IgG levels were found in some patients with
no sign of H. pylori infection (32). These false positives
might result from the fact that patients had a past infec-
tion, since IgG titers are known to decline very slowly
after eradication of H. pylori (30). It has been thought that
IgG depends mainly on the complex interaction between
bacterial infection and immunological host response (32).
A great advantage of serology is the faét that it reflects the
evidence of contact with the bacteria wnhout the problem
of sampling errors. False-negative results may occur in the
early stages of infection, when it is 1mp0551bie to detect
appreciable IgG levels.

Discrepancies between serology and UBT have been re-
ported by several investigators (33,34).- They could be due
to recent acquisition of infection and, consequently, a de-
lay in development of antibodies. The positive testing for
antibodies to H. pylori but negative [esi'}ng for UBT may

TABLE 4. ASSOCIATION BETWEEN THE PREVALENCE OF INTESTINAL
METAPLASIA (IM) AND SERUM PG | VALUES

No. of Incidence
M(+) IM(—) patients of IM(%)
<5 4 0 4 100

5-10 12 2 14 85.7
10-15 23 3 26 88.5
15-20 19 3 22 86.4
20-25 27 9 36 75.0
2530 29 16 45 64.4
30-35 36 32 68 529
35-40 3 43 74 419
40-45 29 33 62 46.8
45-50 34 41 75 453
50-60 58 72 130 44.6
60-70 41 61 102 40.2
>70 112 108 220 509
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Fig1. Receiver operating characteristic curves {(ROC) of serum pepsino-
gen (PG) T(A)and PG 1/l ratio (W) in distinguishing subjects with and
without intestinal metaplasia in group A.
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be due to the use of antimicrobials for other common in-
fections or spontaneous elimination of the infection (35).
Malaty et al, (33) showed that the prevalence of H. pylori
infection varied from 32%, when diagnosis of the infection
was based on UBT, to 18%, when the diagnosis was based
on serology. Thus, since both UBT and serology have im-
portant limitations, the subjects were classified into four
groups according to positivity and negativity for H. pvlori
antibody and UBT. In the present study, 68 (23.9%) of 284
subjects with negative serology had positive UBT results
and 93 (17.0%) of 547 subjects with positive serology did )
not have H. pylori antibody.

Serology depends on the interaction between bacterial
infection and immunological response, whereas the serum
PG method is linked mainly to local mucosal damage
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Fig 2. ROC of serum PG I {A&) and PG /11 ratio (W) in distinguishing
subjects with and without intestinal metaplasia in group B.
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Fig 3. ROC of serum PG [ (&) and PG /11 ratio (W) in distinguishing
subjects with and without intestinal metaplasia in group C.

Sensitivity

(32). Yamaji et al. (36) demonstrated that 0.14% of pa-
tients with gastric cancer had a nagative serology result
and concluded that a weak H. pylori antibody response
meant a high risk for gastric cancer. Although it has been
shown that H. pylori infection is associated with an in-
creased risk for the development of gastric cancer (37), a
reduction in sensitivity of serological tests for H. pylori
infection in patients with intestinal metaplasia has been
demonstrated by several authors (25,26). Thus, it is possi-
ble that patients with severe atrophic gastritis and intesti-
nal metaplasia which was considered to be a precancerous
lesion could not be detected by serology alone. Actually,
in the present study, intestinal metaplasia was present in
358 (65.4%) of 547 patients with positive UBT, whereas
only 36 (16.7%) of 216 patients who tested negative on
both two tests had intestinal metaplasia.
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Fig 4. ROC of serum PG I (&) and PG /I ratio (M) in distinguishing
subjects with and without intestinal metaplasia in group D.
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Serum pepsinogen parameters; especiatly PG I/II and
PG 1/11 ratio, have been proven to be markers for atrophic
gastritis (10-13). Therefore, the measurement of serum
PGs has recently drawn attention as a candidate for a new
screening test for gastric cancer in Japan (11, 16-18). It
has been reported that subjects with H. pylori infection
had significantly higher PG T and PG II concentrations
and a significantly lower PG I/Il ratio than those without
H. pylori infection (38) and that these levels are changed
by eradication of H. pylori (39). In Japan, several stud-
ies {38,40) have shown that the prevalence of infection is
strongly associated with age and this age-related increase
in infection occurs in the elderly. Thus, the absence of
serum antibodies in patients with active or previous infec-
tion seems to increase in the elderly (40,41). It is possible
that patients who had a previous infection and do not have
serum antibodies are not detected as a high-risk group
for gastric cancer, despite the presence of severe atrophic
gastritis. The measurement of serum PGs is able to de-
tect patients with extensive atrophic gastritis, regardless
of H. pylori status,

In our study, intestinal metaplasia was detected in 358
(65.4%) of 547 patients with serum antibody and in 339
(64.9%) of 522 patients with positive UBT. Thus, because
the measurement of serum antibodies alone cannot assess
the presence of intestinal metaplasia, we used additional
serum markers, PG I and PG I/11 ratio, for detecting pa-
tients with intestinal metaplasia in this study.

Although several determinations of a suitable cutoff
peint for gastric cancer screening have previously been
reported based on the findings of X-ray methods, using
a serum PG [ concentration of less than 70 ng/ml and a
PG I/II ratio of less than 3.0 as the cutoff point has been
widely accepted in Japan (11,17). When the measurement
of serum PGs is used for detecting individuals with intesti-
nal metaplasia, we have to determine the suitable cutoff
point. Based on ROC curves in this study, the cutoff points
of serum PG I and PG I/I] ratio for intestinal metaplasia
varied among the four groups from 35 to 60 ng/ml and
from 3 to 5, respectively.

Although the cutoff values varied in each group, the
PG I/11 ratio achieved a higher sensitivity than PG Lin all
groups. Therefore, the PG I/II ratio was considered to be
more useful for detecting atrophic gastritis with intestinal
metaplasia. Patients with positive UBT results, regardless
of the presence of serum antibody, had the lowest cutoff
point among the four groups. Consistent with previous
reports (11, 17), in which a PG I/II ratio of less than 3.0
was determined as the cutoff point for detecting atrophic
gastritis, the suitable cutoff point for PG I/11 ratio was 3.0
for detecting intestinal metaplasia. However, patients with
negative UBT results had higher cutoff points.
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Unexpectedly, intestinal metaplasia was present in 36
(16.7%) of 216 patients who tested negative on both two
tests, When using serum antibodies alone for detecting in-
testinal metaplasia, these patients should be excluded. Us-
ing a serum PG [/IT ratio of less than 5.0 as the cutoff point,
patients who had severe atrophic gastritis with intestinal
metaplasia but negative testing for UBT and serology can
be detected with a sensitivity of 75.0% and a specificity of
75.6%. As reported previously, if a serum PG 1/11 ratio of
less than 3.0 is used as the cutoff point for gastric cancer,
this value provides a sensitivity of only 19.4% and a num-
ber of patients with intestinal metaplasia should be over-
looked. Thus, it seems that determinations of a suitable
cutoff point in the respective groups are essential to in-
testinal metaplasia screening,

The proportion of grade C intestinal metaplasia was sig-
nificantly higher in group C (21/54; 38.9%) than group A
and was 6.0% (13/216) in group D. The 13 group A pa-
tients with extensive intestinal metaplasia could not be
detected by either UBT or serology. Using a serum PG
I/ ratio of less than 5.0 as the cutoff point, 10 (77%) of
13 patients were detected.

Despite the world decline in incidence and mortality,
gastric cancer is a leading cause of cancer death in many
countries (42). Although the prevalence of H. pylori in-
fection in Japan has fallen in recent years (38), those who
are infected remain at risk of gastric cancer. H. pylori in-
fection was detected in up to 70% of the population by
the age of 40 years in Japan (38). Since early life acqui-
sition of H. pylori has been considered to increase the
risk of developing gastric cancer {43), infected individu-
als aged 4050 years, belonging to the age group with the
largest number of people in Japan, will be at higher risk
of gastric cancer in the near-future. The high prevalence
of intestinal metaplasia among H. pylori-infected patients
suggests that the risk of development of gastric cancer will
remain high. Since gastric cancers are potentially curable
if they are diagnosed at early stages, screening for intesti-
nal metaplasia is necessary for early detection of gastric
cancer.

In conclusion, it is possible for serum PGs to be used
as a screening test for high-risk subjects with atrophic
gastritis with intestinal metaplasia, rather than as a test
for gastric cancer itself. The measurement of serum PGs
provides much information on the presence of intestinal
metaplasia as well as atrophic gastritis,
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Five years follow up study of gastric cancer screening using the pepsinogen test method in Adachi city
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Purpose: We started a new screening method for gastric cancer in 1996 by measuring the serum concentration of
pepsinogen {PG) Iand IL This PG test method can identify individuals with atrophic gastritis. We have conducted a

follow up study to reveal the reduction of gastric cancer mortality among participants in the PG test methed in the five
years observation period after the screening,

Methods: A total of 5,449 residents in Adachi city aged 40, 50 and 60 years old in 1996 were measured serum PGl and PGII
levels. Individuals with PGI level = 70 ng/ml and PGI/PGII = 3.0 were advised to have an upper gastro-intestinal (GI)
endoscopy to detect the gastric cancer. The participants who moved out of the city, had second screening by the PG test
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method, or died from other causes than gastric cancer were defined as censored cases during the 5 years follow up period.

Standardized mortality ratios (SMR) of gastric cancer among participants were calculated based on the sex, age and
year specific gastric cancer mortality using Japan as a standard population.

Results: Five early gastric cancer cases and 1 advanced gastric cancer case were diagnosed within a year after screening.
Two advanced gastric cancer cases were found by further examinations during the follow up period of 2 - 5 years. There
were 701 censored cases and 3 gastric cancer death cases including 2 cases with negative result at the screening. SMR
{95% confidence interval) of gastric cancer in the 5 year observation period were 0.34 (0.07 2 0.98) .

Conclusions: Participants for screening by the PG test method showed a reduction in gastric cancer mortality in

comparison with the general population in Japan.

Key words: pepsinogen test method, screening, stomach neoplasms
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PROGRESSION OF CHRONIC ATROPHIC GASTRITIS ASSOCIATED WITH
HELICOBACTER PYLORI INFECTION INCREASES RISK OF GASTRIC CANCER

Hiroshi Onatal?, Shintaro Kitauct', Noriko Yosumura?, Kouichi Mucrtant®, Masataka Iwane®, Hideya Nakamura®,
Akiyoshi Yosnikawa?, Kimihiko Yanacka', Kenji Arn', Hideyuki Tamar’, Yasuhito SHinazu', Tatsuya TAKESHITA®,

Osamu Monara® and Masao Icamosg'*

'Second Department of Internal Medicine, Wakayama Medical University, Wakayama, Japan
ZDepartment of Public Health, Wakayama Medical University, Wakayama, Japan

3Wakayama Wellness Foundation, Wakayama, Japan

We conducted a longitudinal cohort study to determine
the association of Helicobacter pylori infection and the pro-
gression of chronic atrophic gastritis (CAG) with gastric can-
cer. A cohort of 4,655 healthy asymptomatic subjects was
followed for a mean period of 7.7 years. H. pylori infection
was established by serum specific antibodies and the pres-
ence of CAG was confirmed by serum pepsinogen. During
the follow-up period, 45 gastric cancer cases were detected
(incidence rate, 126/100,000 person-years). A univariate anal-
ysis after adjustment for age showed that both H. pylori and
CAG were significantly associated with gastric cancer. To
clarify the interaction between H. pylori and CAG, an analysis
stratified by H. pylori- and CAG-status was performed. No
cancer developed in the H. pylori(—)/CAG(~—) group during
the study period. This supports the theory thatitis quite rare
for any type of gastric cancer to develop in an H. pylori-free
healthy stomach. With the progression of H. pylori-induced
gastritis, the risk of gastric cancer increased in a stepwise
fashion from CAG-free gastritis [H. pylori(4+)/CAG(-) group]
(HR=7.13, 95%CI1=0.95-53.33) to CAG [H. pylori(+)ICAG(+)
group] (HR=14.85, 95%C1=1.96-107.7) and finally to severe
CAG with extensive intestinal metaplasia [H. pylori(—)/
CAG(+) group] (HR=61.85, 25%Cl=5.6-682.64) in which
loss of H. pylori from the stomach is observed. Therefore, it
is probable that H. pylori alone is not directly associated with
stomach carcinogenesis. Instead, H. pylori appears to influ-
ence stomach carcinogenesis through the development of
CAG. The observed positive correlation between the extent
of H. pylori-induced gastritis and the development of cancer
was strong, especially for the intestinal type. These results
are compelling evidence that severe gastritis with extensive
intestinal metaplasia is a major risk factor for gastric cancer,
and they confirm the previously described model of stornach
carcinogenesis: the gastritis-metaplasia-carcinoma sequence,
© 2003 Wiley-Liss, Inc.
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Despite a worldwide decline in incidence, gastric cancer re-
mains one of the leading causes of cancer-related death in Ja-
pan.’-% There is a marked geographic variability in the gastric
cancer incidence rate; the cancer is most common in China and
Japan, and one of the lowest rates is in the United States.!-* Many
epidemiologic studies have shown that the risk of gastric cancer is
strongly associated with environmental factors, such as salt, ni-
trates- and low intake of fresh fruits and vegetables.”-# Recent
studies have indicated that Helicobacter pylori infection is also a
major risk factor for the development of gastric cancer.?-'8 The
prevalence of H. pylori infection is markedly higher in Japan than
in other industrialized countries, although the reasons are not fuily
understood.!?-2! The observed geographic variability in gastric
cancer appears 1o be explained by a synergistic interaction between
H. pylori infection and other environmental facters.

The H. pylori bacterium colonizes the stomach mucosa and
tripgers a series of inflammatory reactions. It is considered an
important cause of chronic atrophic gastritis (CAG),"9-22 as shown
in rodent models.>*-2¢ CAG is considered the first step of a
sequence of mucosal changes in the stomach leading to cancer.
The current model for stomach carcinogenesis begins with gastri-

tis, proceeds to CAG, then to intestinal metaplasia. dysplasia and,
finally, carcinoma.!2? This hypothesis is supported by a consider-
able number of clinicopathological and epidemiological studies in
countries with a high incidence of gastric cancer. However, lon-
gitudinal cohort studies that report an association of CAG with
gastric cancer and a relation between the progression of CAG and
the development of gastric cancer are limited,?®—° In addition, the
role of H. pylori infection in the above-mentioned process of
stomach carcinogenesis remains onclear. To investigate these
problems relating to gastric cancer development, we established a
cohort of male factory workers that we followed prospectively for
8 years.

CAG in a high-risk population. such as Japanese subjects.
usuaily begins at the gastric antrum and extends proximally to-
wards the cardia.®!-33 As a result, gastric secretory function di-
minishes as the area of functional fundic gland mucosa gets
smaller.?® CAG is a histopathological diagnosis. Tt is difficult,
however, to accurately quantify the extent of CAG based on 2 few
endoscopic biopsy samples because CAG is usually a multifocal
process.3s OQur previous study showed that the reduction in the area
of the fundic gland mucosa with the progression of CAG was well
correlated with the stepwise reduction in the serum pepsinogen
(PG) level.®® Thus, the serum PG level is considered a reliable
marker for the extent of CAG. Since the measurement of serum PG
is simple to obtain and the study subjects experience no discom-
fort, we used the serum test to evaluale the extent of CAG in our
cohort. Along with serem PG levels, we analyzed anti-H. pylori
IsG antibodies for the evaluation of H. pyleri infection. Using the
2 serologic markers, we determined the incidence of gastric cancer
in the cohort and evaluated the risk for gastric cancer associated
with H. pylori infection and subsequent CAG progression.

SUBJECTS AND METHODS
Study population
Subjects were 5,706 male employees, 40 10 59 years old, whoe
underwent an annual multiphasic health checkup in a workplace in
Wakayama City, Japan. Between April 1994 and March 1995,
fasting blood samples were collected as routine laboratory tests for
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