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Evaluation of gastric carcinoembryonic antigen
analysis as an aid during screening for gastric
neoplasia in atrophic gastritis
K BORCH, H RENVALL, CHRISTINA LUNDIN, AND B WAHREN

From the Departments ofSurgery and Pathology, Central Hospital of Eskilstuna, and the Department of
Virology, National Bacteriological Laboratory, Stockholm, Sweden.

SUMMARY The value of gastric juice and tissue carcinoembryonic antigen (CEA) analysis as an
adjunct to endoscopic screening for gastric neoplasia was investigated in 61 patients with atrophic
gastritis of whom 41 had other (superimposed) gastric lesions: six adenocarcinoma, four
carcinoid, 23 regenerative polyps with or without dysplasia and eight fundic, or antral mucosal
dysplasia. The gastric concentration of CEA did not differ between patient groups with different
superimposed lesions. In these patients the gastric juice CEA concentrations were significantly
increased in comparison with those in patients without superimposed lesions (p=0002). Gastric
juice CEA concentrations above the upper range (+2SD) of those observed in normal controls
were found in 40 (98%) of 41 patients with superimposed lesions and in 13 (65%) of 20 patients
without such lesions (p=0.001). At re-examination of 26 patients without neoplasia initially,
after a mean interval of 32 months two (without polyps initially), had developed regenerative
polyps, one an adenoma, and one an adenocarcinoma. These four had raised gastric juice CEA
concentrations at the initial examination.

Since the detection of carcinoembryonic antigen
(CEA) in cancer of entodermal origin by Gold and
Freedman in 1965,' 2 it has become evident that,
although being of value in screening for regression
or progression of known CEA producing malignant
disease,3 analysis of circulating CEA is of limited
value in screening for cancer. Increased circulating
concentrations of CEA may occur in benign or
premalignant digestive disease, in benign and malig-
nant disease of non-entodermally derived organs, in
pregnancy, and in smokers.4 Determination of
CEA at a local level seems to provide more relevant
information than analysis in blood.7 12
As concluded in the literature7 and in the Consen-

sus Development Conference Statement at the US
National Institutes of Health in 1980, 'the use of
CEA to assist with surveillance of socalled high-risk
groups, in whom CEA producing tumours may
develop, remains to be established'.3 According to
several authors, increased production of CEA
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occurs in most gastric adenocarcinomas, and in
atrophic gastritis.'-323 Patients with atrophic gastri-
tis run an increased risk of developing gastric
adenocarcinoma, as well as gastric carcinoid
tumours and, accordingly, constitute a high risk
group.2431 The value of CEA analysis during
surveillance of these patients has not been fully
investigated.

In the present series of patients with atrophic
gastritis, the use of gastric CEA analysis as an aid to
the identification of individuals with - or at special
risk of developing - premalignant or malignant
gastric lesions, was evaluated.

Methods

PATIENTS
During initial gastroscopic screening of patients with
atrophic gastritis as previously described,24 61
patients (mean age 68*5 years, range 41-80 years,
male to female ratio 0-7) were investigated for
gastric CEA. No extra-gastric disease, known to be
associated with increased production of CEA had
been diagnosed. Of these patients, 41 had
pernicious anaemia, verified according to previously
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described criteria,22 12 achlorhydric fundic atrophic
gastritis without pernicious anaemia, and eight
hypochlorhydric fundic atrophic gastritis
(BAO:0-1.0 mmol/h, PAO:0-7-6-1 mmoUh, accord-
ing to pentagastrin test). Of all 61 patients with
atrophic gastritis, six had gastric adenocarcinoma,
four carcinoid tumours, 23 one or several regenerative
(non-neoplastic) polyps with or without dysplasia,
eight fundic or antral mucosal dysplasia, and 20 had
no such lesions. Six patients with benign gastric
ulcer and slight or no mucosal atrophy (age 41-80
years) and eight normal control subjects (age 23-79
years) (normal results of pentagastrin test and
histologically normal gastric mucosa) were also
investigated after informed consent.
Of a larger group of endoscopically re-examined

patients with atrophic gastritis, all without neoplasia
at the initial examination,25 26 had previously been
examined for gastric CEA.

GASTROSCOPY, BIOPSY, AND HISTOLOGICAL
EXAMI NATION
Gastroscopy, collection of multiple standardised
biopsy specimens and blood samples were carried
out, as previously described.24 Gastric juice was
collected in the fundus (patient in left side position)
with a catheter introduced through the gastroscope.
Gastric juice was immediately frozen at -70°C, as
were multiple fresh fundic and antral mucosal
biopsy specimens, and multiple biopsies from neo-
plasias, polyps, and the margin of benign ulcers.
Several of these lesions were endoscopically or
surgically removed. The mean wet weight of tissue
samples from each area or local lesion was 7-0 mg
(range 2 1-74-6 mg).

Biopsy specimens taken close to the spots biop-
sied for quantitative analysis were fixed in Lillie's
fixative33 for immunohistochemical examination and
staining with haematoxylin-eosin and Alcian blue
(pH 2.5). Gastric mucosal atrophy, intestinal meta-
plasia, inflammatory infiltrate, and epithelial dys-
plasia were classified as slight, moderate, or
severe.3436
Of the six gastric adenocarcinomas, one was of

the diffuse type and the remaining of the intestinal
type.37 Four intestinal type carcinomas were early
lesions.38 The endoscopic, histologic, and ultra-
structural features of the gastric carcinoids, all of
which were argyrophil, non-argentaffin tumours
have previously been reported.24

RADIOIMMUNOASSAY AND
IMMUNOHISTOCHEMICAL ANALYSIS
Rabbit anti-CEA (non-reactive with normal cross-
reactive antigen NCA 1 and bile glycoprotein BGP
I) absorbed with human AB+ erythrocytes, was
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used.39 A double antibody solid phase radioimmu-
noassay (RIA) was used for quantification.4" The
tissue samples were weighed, mixed with 160 Fd
distilled water, homogenised for five minutes with a
Dounce8 homogeniser, and 40 tl 4-5% NaCl
was added. This suspension was analysed in the RIA
in dilutions of phosphate-buffered saline (PBS) with
1% bovine serum albumin. Gastric juice was
analysed in the same diluent. Serum was assayed
without perchloric acid extraction. Normal values
for healthy subjects (n= 100) with this RIA and
non-PCA extracted samples are <25 ng/ml.
Immunohistochemical staining for CEA was car-

ried out according to the peroxidase-antiperoxidase
technique,41 using the same antibody as in the RIA.
Endogenous peroxidase activity was blocked with
30% H202 in methanol. To minimise background
staining, the sections were incubated for 20 minutes
with normal swine serum diluted 1:4 in PBS. The
antibody incubation procedure was done with rabbit
anti-CEA serum diluted 1:100 in PBS (30 min),
swine antirabbit serum diluted 1:100 in PBS (30
min), and rabbit peroxidase-antiperoxidase diluted
1:200 in PBS (30 min). Staining was developed in a
PBS solution of diaminobenzidine and H2O, (7
min). Parallel sections treated with normal rabbit
serum instead of rabbit anti-CEA served as controls.
Thorough washing in PBS was carried out between
the steps. Sections were counterstained with haema-
toxylin.

STATISTICAL ANALYSIS
The Mann-Whitney test was used for comparison
between groups. Analysis for correlation was car-
ried out by simple linear regression analysis and
Spearman rank correlation analysis, and r or rs was
tested in the t distribution. Differences in propor-
tions between groups were analysed with the x2 test
corrected for continuity. All given values of p are
based on two-tailed tests and p>0 05 is considered
not significant (NS). Mean values are given with +
standard error of the mean (SEM).

Results

IMMUNOHISTOCHEMICAL ANALYSIS
No CEA staining was observed in the fundic or
antral mucosa in normal controls. In moderate or
severe atrophy, the general picture was that of a
linear CEA staining in the glycocalyx and, to a
varying extent and intensity, in the cytoplasm of the
columnar cells in the surface and foveolar epithe-
lium (Fig. 1). In the fundic mucosa of approximately
half of the cases with atrophic gastritis, a granular
cytoplasmic CEA staining was seen in single or
groups of cells in a varying number of glands with or
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without goblet cell metaplasia (intestinal meta-
plasia) (Fig. 2). Goblet cells showed no CEA staining
(Fig. 3). When atrophy was present in the antral
mucosa, the CEA staining resembled that in the
atrophic fundic mucosa. The distribution and in-
tensity of the CEA staining was not related to the
degree of inflammatory reaction or milder degrees
of epithelial dysplasia. The staining in regenerative
polyps generally resembled that in the surrounding
atrophic mucosa.

All adenocarcinomas showed CEA staining. In
one case (intestinal type carcinoma), only few
groups of malignant cells stained with a moderate
intensity, but in the remaining cases a strong
staining was observed in the cytoplasm of the
majority of the tumour cells (Fig. 4). In the crater
and margin of benign gastric ulcers, the CEA
staining was slight or absent. In some areas of the
gastric carcinoids, a slight homogenous cytoplasmic
CEA staining was observed but the majority of the
carcinoid tumour cells did not react to anti-CEA
(Fig. 5).
SERUM
The serum CEA concentrations differed signifi-
cantly between patients with atrophic gastritis with-
out neoplasia (16-5±0.9 ng/ml) and normal controls
(129± 1.0 ng/ml) (p=0-03) and between the former
and patients with gastric neoplasia (25-7±4-3 ng/ml)
(p=0-03). Four patients without any known CEA
producing disease, except atrophic gastritis,, had
pathologically raised serum CEA (25-0-44.0 ng/ml).
In five of the 10 patients with neoplasia, serum CEA
concentrations were normal. Serum CEA concentra-
tions were not related to gastric juice or tissue CEA
levels in any group.

GASTRIC JUICE
No differences in gastric juice CEA concentrations
related to intestinal metaplasia or inflammatory
reaction in the gastric mucosa were noticed. Table 1
gives the mean gastric juice CEA concentrations in
various subgroups. In atrophic gastritis the concen-
trations were increased above those in normal
controls (p<0-001). Considering patients with
atrophic gastritis without neoplasia, those with
achlorhydria seemed to have higher levels
(6450±1182 ng/ml) than those with hypochlorhydria
(2508±617 ng/ml), although p=0-1. In patients with
atrophic gastritis and superimposed lesions (re-
generative polyps, neoplasia or dysplasia), the
concentrations were significantly higher than in
patients without these lesions. In each subgroup of
patients with superimposed lesions, the levels were
higher than in patients with benign ulcer (p<004).
Of all 61 patients with atrophic gastritis, 53 (87%)
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Table 1 Concentration ofcarcinoembryonic antigen
(CEA) in gastric juice in normal control subjects (C), in
patients with benign gastric ulcer (GU), and in subgroups of
patients with fundic atrophic gastritis (AG).

Mean±SEM
Cases Gastric juice CEA
(n) concentration nglmlGroup

C 249±111

GU
AG without super-
imposed lesions

AG with neoplasia,
regenerative polyps,
or dysplasia

AG with regenerative
polyps

AG with neoplasia

AG with dysplasia

6
20

41

23

2019±1717
3538±1082

7284±1184

NS
0-08

0-002

7618±1899

10 7200±1869

19 8011±2075

NS

NS

had gastric juice CEA values above the upper range
(mean+2SD=878 ng/ml) of those in the normal
controls. Of the 41 patients with superimposed
lesions, 40 (98%) had raised gastric juice CEA
values, whereas 13 (65%) of 20 patients without
such lesions had raised values (p=0.001). One of six
patients with benign gastric ulcer had a raised level.

TISSUE
Tissue CEA concentrations in various gastric lesions
are given in Table 2. The lowest values were
observed in carcinoid tumours and in benign ulcers.
No significant difference was found between regen-
erative polyps and adenocarcinomas, or between
regenerative polyps with epithelial dysplasia
(390.4±134-1 ng/mg) and regenerative polyps with-
out epithelial dysplasia (164-1±30-5 ng/mg).

In all patients and controls taken together, gastric
juice CEA values were, to some extent, positively
related to the values of tissue CEA in the fundic
mucosa (r=0-61, p<0.001), but not to those in the
antral mucosa. No differences in tissue CEA con-
centrations related to the degree of atrophy, in-
flammatory infiltrate, or intestinal metaplasia were
observed.

Neither fundic nor antral mucosal tissue CEA
concentrations differed between any of the sub-
groups of patients with atrophic gastritis which,
taken together, had significantly increased fundic
(113-2±12-7 ng/mg), as well as antral (242.6±38.0
ng/mg) mucosal CEA concentrations, when com-
pared with normal controls (p<0-001 and p=0-03,
respectively). Of all 61 patients with atrophic
gastritis, 44 (72%) had fundic tissue CEA values
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Table 2 Concentration ofcarcinoembryonic antigen
(CEA) in the gastric mucosa in normal controls and in
patients with fundic atrophic gastritis (AG) without
superimposed lesions, in various gastric lesions associated
with AG, and in benign gastric ulcers.

Lesion (area)

Normal antral mucosa

Antral mucosa in AG

Antral regenerative polyps
Normal fundic mucosa

Fundic mucosa in AG

Fundic regenerative polyps

Carcinoid tumours

Adenocarcinomas

Benign ulcers

Mean±SEM
Lesions Tissue CEA
(areas) concentrations
(n) nglmg

8 84-7+17-5

20 212-+49-1

6
8

535 0+199-6
21-1+4-8

<0-001
20 94 1±18-0

008
19 164-1+30 5

<0- 1
4 49-0+5-7

0-01
6 268X8±78-6

0-02
6 84-3+18-6

above the upper range (mean±2SD=48-5 ng/mg) of
those in the normal controls, and 30 (50%) antral
tissue CEA values above the upper range
(mean+2SD=183.5 ng/mg) of those in the normal
controls.

FOLLOW UP GASTROSCOPY

Twenty six atrophic gastritis patients without neo-
plasia were re-examined. At the initial examination,
gastric juice CEA values were raised in 23, fundic
mucosal tissue CEA values in 22, and antral mucosal
tissue CEA values in 17 of these 26 patients. During
a mean follow up interval of 32 months (range 18-60
months), one patient had developed gastric adeno-
carcinoma, one adenoma, and two regenerative
polyps. Of these four patients, all had raised gastric
juice CEA values and two (adenocarcinoma and
adenoma) raised mucosal tissue CEA values at the
initial examination.

Discussion

In the present study, intestinal metaplasia was not
divided into subtypes of which the colonic type is
considered to be associated with increased CEA
content.20' We did not detect CEA in goblet cells,
however, and in agreement with the findings of
others,'7 we saw no general increase in the CEA
staining in areas with goblet cell metaplasia. The
tissue CEA concentrations were not related to the
occurrence of intestinal metaplasia in parallel biopsy
specimens.

With regard to the local CEA concentrations, the
results of this study agree with those of others,7 21
and it was also shown that gastric juice CEA levels
do not differ between patients with gastric adenocar-
cinoma and patients with pronounced atrophic
gastritis.7 18 21 Mucosal CEA analysis showed a low
sensitivity for atrophic gastritis or atrophic gastritis
with superimposed lesions. Tissue CEA concentra-
tions in the fundic mucosa were, to some extent,
positively related to the gastric juice CEA concen-
trations, indicating that the gastric mucosal produc-
tion of CEA is reflected in the gastric juice CEA
content.
The content of CEA in gastric carcinoids was

significantly lower than that in gastric adenocarcino-
mas and regenerative polyps. As routine histological
examination generally allows differentiation be-
tween such lesions, the clinical relevance of any
difference in the tissue CEA content between
superimposed lesions would have been the occur-
rence of a corresponding difference in gastric juice
CEA content. In the gastric juice of patients with
atrophic gastritis, however, these differences in
lesional CEA content seem to be overshadowed by
the increased diffuse mucosal CEA production.

In atrophic gastritis, patients with superimposed
gastric lesions had the highest gastric juice CEA
concentrations. With regard to patients with dyspla-
sia or adenocarcinoma, these findings agree with
those of others.21 It seems that an increased prolif-
erative and metaplasiogenic activity, indicating a
premalignant change in atrophic gastritis, is associ-
ated with increased local production of CEA.
Conversely, assuming that increased production of
CEA is an expression of premalignant change, it
appears that patients with atrophic gastritis and
superimposed lesions are at special risk of develop-
ing neoplasia.
Although the group of normal control subjects

was small for a definite determination of normal
range, one may assume that screening with the
easily done analysis of gastric juice CEA would
identify the majority (87%) of individuals with
fundic atrophic gastritis and practically all (98%)
individuals with atrophic gastritis and associated
neoplasia, dysplasia, or regenerative polyps. Of 26
rescreened patients, 23 initially had raised gastric
juice CEA values and, of the latter, two had
developed regenerative polyps, one adenoma, and
one adenocarcinoma. Further follow up studies are
needed to determine whether, as indicated here,
patients with atrophic gastritis and raised gastric
juice CEA, have a higher risk of developing
neoplasia than those with atrophic gastritis and
normal gastric juice CEA. If this is so, screening of
gastric juice CEA during routine gastroscopy could

30
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aid in the identification of patients in need of regular
gastroscopic screening.
The study was supported by grants from The
Swedish National Cancer Association
(1766-B83-01XA).
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