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Upper gastrointestinal pathology in familial
adenomatous polyposis: results from a prospective
study of 102 patients

P Domizio, I C Talbot, A D Spigelman, C B Williams, R K S Phillips

Abstract
Multiple gastric and duodenal biopsy
specimens from 102 asymptomatic
patients with familial adenomatous
polyposis, taken during a prospective
endoscopic screening programme were
examined. One hundred patients had
microscopic gastroduodenal pathology,
often in the absence of macroscopic
lesions. Adenomas were found in 94
patients in the duodenum, in the second
and third parts. Hyperplasia of villous
and crypt epithelium was also seen,
sometimes in the absence of adenomas:
this may be a precursor of neoplastic
change. In the stomach fundic gland
polyps were the commonest abnor-
mality, seen microscopically in 44
patients. Chronic antral gastritis was
common in patients without fundic
polyps. Gastric adenomas were present
in six patients, all of whom also had
duodenal adenomas.

If duodenal adenomas in familial
adenomatous polyposis have a similar
malignant potential to those in the
colorectum sequential endoscopy and
biopsy are necessary to detect cancer in
these patients.
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Familial adenomatous polyposis (FAP) is an
inherited autosomal dominant condition, with
the gene locus on chromosome 5,' in which
multiple adenomas with malignant potential
are found throughout the colorectum. The
previous names for this disease (familial
polyposis coli, familial adenomatosis coli)
neglected the fact that a high proportion of
patients have accompanying neoplastic and
non-neoplastic polyps in the upper gastro-
intestinal tract. This observation was first
made by Hauser in 18952; he described multi-
ple polyps of the gastric antrum and duo-
denum in a patient with polyposis at necropsy.
Similar cases were reported sporadically
thereafter until the early 1970s when the
Japanese began to report a high incidence of
accompanying gastroduodenal lesions in
FAP.2 Workers in the West subsequently
published similar findings,7"13 although until
recently, the proportion of affected patients
has been lower than that reported from
Japan.7"11

In the duodenum adenomas are undoub-
tedly the commonest lesion, the prevalence
varying from 24%" to 100%4 of cases.
Periampullary carcinoma is the most common

extra-colonic site of malignancy in FAP,
occurring in 2-9% of patients in a recent large
series.'4 In fact, in patients with FAP treated
routinely by colectomy at St Mark's hospital
over the past 40 years, periampullary carcin-
oma was the commonest cause of death from
neoplasia, accounting for twice as many
deaths as colorectal carcinoma.'5

In the stomach the histological type of
polyps varies according to the site. Fundic
gland polyps, first reported by Utsonomyia
et al,'5 occur in the gastric body and fundus of
a high proportion of patients with FAP.9 101617
Originally thought to be unique to FAP,'
these polyps are now being found increasingly
in other patients without FAP."82' The his-
togenesis of these lesions has been in doubt
and they have variously been described as
hyperplastic,9" 12 regenerative,'7 and, more
commonly, hamartomatous.10 21 Adenomas
are the most common antral lesion, but
these occur less frequently than duodenal
adenomas.9 0"1 22 Apart from sporadic case
reports,4 23 24 in most large series gastric
carcinoma has not shown an increased inci-
dence in FAP compared with that in the
general population."4

Despite a large number of reports on this
subject in recent years appreciation of these
gastroduodenal lesions has been hampered by
inadequate descriptions of the pathology and
by small numbers of patients in many series.
In this paper we report the pathological
features in patients with FAP from a pros-
pective upper gastrointestinal screening
programme carried out at St Mark's Hospital.

Methods
The subjects comprised 102 patients with
confirmed FAP from 69 families on the St
Mark's polyposis register. There were 69 men
and 53 women with a mean age of 41 years
(range = 14-66 years). None of the patients
had symptoms referable to the upper gastro-
intestinal tract. All patients underwent endo-
scopy by the same endoscopist (CBW) accord-
ing to a set protocol. A forward viewing
endoscope (GIFXQ10) was used for the first
six patients and a side viewing videoendo-
scope (Olympus JFV1O) for the remainder.
The site, number, and size of polyps seen
were noted and a map of the periampullary
region drawn for comparison at follow up
endoscopies. Biopsy specimens were taken of
representative gastric and duodenal polyps
with random antral and duodenal biopsy
specimens when no lesions were seen. An
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Table 1 Numbers ofgastric and duodenal polypsfound
at endoscopy in 102 patients with FAP

Number ofpolyps

Site 0 <5 5-20 > 20

Duodenum 13 12 40 37
Stomach 46 4 20 32

average of three gastric biopsy specimens was
taken from 81 of the 102 patients while all 102
patients had an average of five duodenal
biopsy specimens taken. In total, 735 gastric
and duodenal biopsy specimens were exam-
ined histologically.

All specimens were fixed in 10%
unbuffered formol-saline and processed to
paraffin wax. Sections (3 gm) were cut at
multiple levels and stained with haematoxylin
and eosin and a modified Giemsa technique. A
combined periodic acid Schiff/alcian blue
stain was carried out on selected biopsy
specimens. All sections were examined by two
of the authors (PD and ICT).

Results
STOMACH
Fifty six patients had endoscopically visible
gastric polyps (table 1). In most cases these
were small (mean = 4-7 mm), multiple, and
confined to the fundus and body (fig 1). A
small number of patients had few polyps
which tended to be larger (mean = 6-4 mm)
and antral.
Table 2 summarises the microscopic gastric

pathology, excluding the adenomas. Of the 54
patients with macroscopic fundic polyps, 44
showed histological features consistent with
this diagnosis, although six had normal his-
tology. The surface and foveal epithelium

Figure 1 Overall
representation of sites
affected by upper
gastrointestinal polyposis.
For the 102 patients in this
study, 0 represents one
patient with fundic gland
polyp (s), represents one

patient with adenoma(s).
Figure reproduced by
permission of the Lancet.

Table 2 Gastric pathology, excluding adenomas, in 102
patients with FAP

Histology

Features of
fundic gland Gastritis

Macroscopic appearances Normal polyps only

Fundic polyps present
(54 patients) e 6 44* 1

Fundic polyps absent
(48 patients) 6 8t 15

*Six patients also had gastritis.
tOne patient also had gastritis.

overlying most of the polyps was hyperplastic,
although occasionally small groups of special-
ised glands did extend almost up to the sur-
face (fig 2), implying some loss of foveolae.
Dilatation of specialised glands in the super-
ficial half of the mucosa was seen in most
cases, but the degree varied from minimal (fig
2) to frankly cystic (fig 3). The cyst lining was
sometimes attenuated and comprised a mix-
ture of chief cells, parietal cells, and mucus-
secreting cells (fig 3). About 20% of patients
with macroscopic fundic polyps showed sur-
face and foveal hyperplasia without glandular
dilatation; these patients were included in the
group showing positive histological features.
Inflammation in the lamina propria was not
seen in any of the fundic gland polyps, but
coincident antral gastritis was present in six
patients.

Fundic polyps were absent in 48 patients,
29 of whom had random antral biopsy speci-
mens taken (table 2). Chronic antral gastritis
was the commonest single abnormality in this
group, but interestingly eight patients showed
features similar to those seen in fundic gland
polyps-surface and foveal hyperplasia with
glandular dilatation-even though the mucosa
was macroscopically normal and the biopsy
specimen was antral.

Gastric adenomas were seen in six patients
(table 3), all but one of them in the antrum.
The one patient with an adenoma in the body
also had at least one antral adenoma. Five of
the six patients had macroscopic antral polyps
while one adenoma was discovered at random
antral biopsy. Most adenomas were tubular
(fig 4), and all but one showed mild dysplasia.
One patient showed adenomatous dysplasia in
what seemed to be an underlying findic gland
polyp (fig 5).
Asymptomatic chronic gastritis was seen in

23 patients, predominantly in the antrum.
Active chronic superficial gastritis was the
most common histological type, while chronic
atrophic gastritis was much less so. Helico-
bacter pylori were seen lining the mucosal
surface and within gland lumina in 17
patients.

DUODENUM
Eighty nine patients had endoscopically
visible duodenal polyps (table 1) which tended
to be more numerous and larger (mean = 9.4
mm) than those seen in the stomach. Only 13
patients had no duodenal polyps.
On subsequent histological examination, all
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Figure 2 Fundic gland polyp showing minimal gland dilatation (long arrow). A group
of specialised glands extends almost to the epithelial surface (short arrow)
(haematoxylin and eosin).
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Figure3Fundic gland polyp showing a cystica;ly diae ln ie ycifcls
parietal cells, and mucus secreting cells (haematoxylin and eosin).

Figure 4 Mildly dysplastic tubular adenoma in the antrum (haematoxylin and eosin).

Table 3 Location and histological type of seven gastric
adenomas in six patients with FAP

Adenoma type

Site Tubular Tubulovillous Villous

Antrum 4 2 0
Body 0 0 1

Table 4 Duodenal pathology in 102 patients with FAP

Histology

Villous/crypt
Macroscopic hyperplasia
appearance Normal alone Adenoma

Polyps present
(89 patients) 0 2 87

Polyps absent
(13 patients) 2 4 7

Total 2 6 94

Table 5 Histological type and degree of dysplasia of
duodenal adenomas in 94 patients with FAP

Dysplasia

Adenoma type Mild Moderate Severe

Tubular 60 8 0
Tubulovillous 15 4 0
Villous 3 4 0

but two of the patients with macroscopic
polyps had microscopic adenomas (table 4).
The remaining two showed hyperplasia of the
epithelium lining parts of the villi and crypts
(fig 6), characterised by enterocyte crowding,
nuclear enlargement and hyperchromasia,
increased mitoses and loss of goblet cells.
Although the features were qualitatively
similar to those seen in adenomas, the severity
of the changes fell short of our threshold for
dysplasia. This abnormality, when present,
was usually seen consistently in multiple
biopsy specimens from the same patient, and
in about 30% of patients adenomas and
hyperplasia were seen in the same set of
specimens. An increased number of Paneth
cells were seen in some of the hyperplastic
crypts of three patients. This was difficult to
quantitate and was not directly related to
other features of hyperplasia or dysplasia.
Of the 13 patients without duodenal polyps,

seven had microscopic adenomas (table 3),
making a total of 94 (92%) patients with
adenomas. A further four patients had villous
and crypt epithelial hyperplasia, so that only
two patients of the entire series had normal
duodenal histology.
Two thirds of the duodenal adenomas were

mildly dysplastic and tubular (table 5). Villous
adenomas were much less common and none
of the adenomas showed more than moderate
dysplasia. Invasive carcinomas were not de-
tected in any of the patients.
The distribution of adenomas is shown

diagrammatically in fig 1. Most adenomas
were located in the second and third parts of
the duodenum with periampullary clustering.
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Figure 5 Gastric biopsy specimen showing thefeatures of afundic gland polyp with
mild dysplasia of the surface epithelium (haematoxylin and eosin).

Figure 6 Duodenal
biopsy specimen showing
hyperplasia of the
epithelium lining parts of
the villi (arrows). This is
characterised by enterocyte
crowding, loss ofgoblet
cells, and nuclear
enlargement and
hyperchromasia. The
epithelium lining the villus
on the left appears normal
(haematoxylin and eosin).

No patients had adenomas confined to the first
part of the duodenum or the gastric antrum;
when they were present here, they were

always present more distally.

Discussion

Fundic gland polyps are the commonest gastric
lesion in FAP, with a reported prevalence of
27-73O .35- 7-2 In other patients fundic gland
polyps are more common than was previously
thought, occurring in up to 1 4qO of gastro-
scopic examinations2' and constituting 17%
of gastric polyps in a recent series.18 Previous
descriptions of the histology of fundic gland
polyps have been inconsistent. Most authors

agree that there is dilatation of the specialised
glands in the superficial half of the
mucosa, 212526 but opinion has varied as to
whether the overlying surface and foveal epi-
thelium is hyperplastic39 11 18 24 or atrophic. 7 21 26
In this series hyperplasia was almost invariably
present, although, as previously described,
features suggestive of focal foveal atrophy were
occasionally seen.

Fundic gland polyps have been considered
by some authors to be of hyperplastic or
regenerative aetiology.89 11 17 In contrast to
hyperplastic polyps, however, fundic gland
polyps tend to be smaller and located in the
fundus and body rather than throughout the
stomach.'8 Hyperplasia of surface and foveal
epithelium with elongated pits is seen in both
types of polyp,'8 but in hyperplastic polyps
there is cystic dilatation of foveolae and pyloric
type glands,27 while in fundic gland polyps
many of the dilated glands are of specialised, or
body type.27 In addition, the stromal inflamma-
tion and smooth muscle arborisation often seen
in hyperplastic polyps are absent in fundic
gland polyps."8 A small number of patients in
this series showed antral epithelial hyperplasia
and mild foveolar dilatation, features in keep-
ing with hyperplastic polyps. True hyper-
plastic polyps, however, are rare in FAP,'0 and
in the absence of macroscopic polyps it seems
more likely that the changes described were
secondary to bile reflux, a phenomenon which
has been shown to occur in some patients with
FAP.28
The most popular theory to date on the

aetiology of fundic gland polyps is that they
represent cystic hamartomas.'10212930 Fundic
gland polyps, however, are formed almost
entirely of epithelial elements and are thus
unlike other types of hamartoma in the gastro-
intestinal tract which are composed predomi-
nantly of proliferated connective tissue.
Studies on the natural history of fundic gland
polyposis (of both syndromic and non-syn-
dromic types) have shown that these polyps can
diminish in size and number, or even disappear
altogether,9"' particularly after colectomy in
patients with FAP.3'9 Such an observation has
not been made with other types of gastro-
intestinal hamartoma. The high mean age of
patients with non-syndromic fundic gland
polyposis (50-60 years)'6 17 19 26 also argues
against a hamartomatous origin.
A functional or secretory aetiology for fundic

gland polyps has recently been proposed by
Eidt and Stolte.'6 These authors suggest that
the gastrointestinal adenomas in patients with
FAP may produce a substance which circulates
systemically and leads to local overstimulation
of fundic and body glands, resulting in cystic
dilatation. The observation that fundic gland
polyps may increase in size following penta-
gastrin stimulation3' and the observed decrease
in the number of fundic gland polyps after
colectomy are quoted as evidence in favour of
this hypothesis. Despite the theoretical attrac-
tiveness of this theory, however, no such cir-
culating substance has ever been identified.
Goodman et al reported two patients with

FAP and fundic gland polyposis who devel-
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oped gastric carcinomas in the affected portion
of the stomach.24 Adenomatous dysplasia was
identified in some fundic gland polyps dis-
continuous with the main tumour, and on the
basis of this, a predisposition to malignancy
was inferred. The authors suggested that the
presence of polyps increases the number of
gastric epithelial cells exposed to carcinogenic
agents and that an increased incidence of
malignant change would therefore be expected.
The association of fundic gland polyps with
dysplasia or carcinoma, or both, has not been
reported elsewhere. In this series dysplasia in
what seemed to be a pre-existing fundic gland
polyp was seen in only one patient, and this
patient also had several antral adenomas. In
view of the high prevalence of fundic gland
polyps and the extremely low incidence of
dysplasia within them, it seems likely that this
observed association is fortuitous.

Gastric adenomas have been reported by
some Japanese authors to occur in up to 60% of
patients with FAP.3422 The prevalence of gas-
tric adenomas in this series (6%) more closely
reflects Western experience"9 and is similar to
the reported prevalence of gastric adenomas in
the general population,'832 although in FAP
they tend to develop at a relatively younger
age.22 Since the early 1960s several case reports
have been published, mainly in Japanese, of
gastric carcinomas arising within pre-existing
antral adenomas in patients with FAP.4 23 33
Watanabe et al found multiple gastric carcin-
omas in three of their 26 patients and suggested
that patients with FAP are genetically predis-
posed to the development of malignant gastric
tumours.4 The same authors described gastric
microcarcinoids in two patients and considered
this association to be significant. More recen-
tly, Jagelman et al, in a retrospective study of
1255 patients with FAP, found an incidence of
gastric carcinoma of less than 1% ." The higher
incidence of gastric carcinoma in the general
population in Japan may have led to an overem-
phasis of the risk of gastric adenomas and
cancer in Japanese patients with polyposis.
The presence of asymptomatic gastritis in 23

patients (associated with H pylori in 17) is an
observation of possible importance to epi-
demiological studies of gastritis, and will form
the subject of a separate publication.

Epithelial hyperplasia in the duodenum is an
abnormality which has not previously been
reported in FAP. Increased epithelial cell
proliferation in macroscopically normal colonic
mucosa of patients with familial polyposis has
been shown in vitro by several authors.3'37
Deschner and Raicht have also reported crypt
epithelial hyperplasia in non-adenomatous
colonic mucosa in one patient with FAP.38 The
proliferative stimulus is unknown, but a similar
process in the duodenum may be responsible
for the hyperplastic changes seen. The finding
of Paneth cell hyperplasia, albeit in a small
number of patients, is of potential interest.
Epidermal growth factor (EGF) is a polypep-
tide that stimulates cellular growth and
differentiation, and in the small intestine is
localised in Paneth cells and Brunner's glands.
Bulow et al showed numerous EGF immuno-

reactive Paneth cells in the duodenal adenomas
of two patients with FAP, which were located
not as usual in the bottom of the crypts, but all
along the crypts, singly or in clusters.39 On the
basis of these findings a possible role for EGF
in the development of duodenal adenomas has
been suggested. The clinical importance of
duodenal epithelial hyperplasia, so frequently
observed in this study, is, as yet, unclear, but
we feel it may represent a precursor to neo-
plastic change.
The prevalance of duodenal adenomas in this

series (920 ) is higher than that of a number of
previous reports.7`0 Possible factors contribu-
ting to this difference are the use of a side
viewing video endoscope, allowing better
visualisation of the ampulla, and the taking of
multiple random biopsy specimens in patients
with a macroscopically normal duodenum. The
distribution of adenomas in this series, pre-
dominantly in the second and third parts of the
duodenum with periampullary clustering, has
been reported by others4'42 and seems to
parallel mucosal exposure to bile. A tumour
promoting factor in bile, or mucosal hyper-
sensitivity to it have been postulated to explain
this observation.2843 An observed two-fold
increase in prevalence of adenoma at the
ampulla compared with the periampullary
region'3 supports this hypothesis, although at
present no definitive evidence exists.
There is growing evidence to suggest that the

adenoma-carcinoma sequence occurs in the
upper gastrointestinal tract in patients with and
without polyposis, just as it is known to occur
in the colorectum.447 Patients with FAP who
exhibit a high prevalence of duodenal adeno-
mas have a lifetime risk of periampullary car-
cinoma which has been estimated to be 200-300
times greater than that of the general popu-
lation.'4 Until now, however, it has not been
known which patients are at greatest risk of
developing malignant change. The severity of
duodenal polyposis has been classified on a five
grade scale (stages O-IV) based on polyp
number, size, histology, and degree of dys-
plasia.'3 This provides a quantitative basis for
assessing the risk of development of carcinoma.
In the study by Spigelman et al 11 patients
(11 Oo) had stage IV disease'3; these patients are
assumed to be at greatest risk of malignant
change and require close endoscopic surveil-
lance. Long term follow up studies are neces-
sary to determine whether this assumption is
correct.

We thank Dr B C Morson for his enthusiasm and en-
couragement and Dr MP Deahl for invaluable help in the
preparation of the manuscript.
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