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Preface 

There have been many advances in the field of gastrointestinal pa
thology which are of considerable clinical significance during the 
13 years since the last publication of a volume of Current Topics in 
Pathology devoted to this subject. Many have arisen from the app
lication of new techniques of histochemistry, immunocytochemi
stry, quantitative morphometry and molecular and cell biology to 
gastrointestinal diseases, but some, notably the recognition of the 
association of Campylobaeter pylori with the commonest type of 
chronic gastritis, have been achieved using such long established 
'routine' histological procedures that one wonders how their signifi
cance had escaped recognition for so long. The topics covered in 
this volume have been selected because they present advances of 
relevance to the diagnostic clinical pathologist. However, they re
present the personal selection of the editor, and are in no way 
exhaustive. Many other examples of progress in our understanding 
of the pathophysiology of gastrointestinal diseases have been omit
ted, either because of the confines of space or because they have 
been well reviewed recently in other publications. 

Most of the workload of the practising gastrointestinal patholo
gist involves the diagnosis and assessment either of inflammation or 
of neoplasia in the alimentary tract, and this is reflected in the topics 
presented in this book. Thus there are expert contributions on cur
rent ideas of the pathology of gastritis and duodenitis, the biopsy 
diagnosis of collagenous colitis, ischaemic colitis, and intestinal 
spirochaetosis, and an assessment of the value of quantitative tech
niques in the diagnosis of chronic inflammatory bowel disease. In
creasing international travel has meant that all pathologists should 
now have more than a passing acquaintance with conditions which 
have previously been regarded as tropical diseases, and a chapter 
by MATHAN and MATHAN, who have a vast experience in this area, 
is included. 

In the field of gastrointestinal neoplasia, there are chapters co
vering the histological recognition of precancerous lesions of the 
oesophagus, stomach, small intestine and anus; descriptions of im
portant advances in both the genetics and pathology of the gastroin
testinal polyposis syndromes; the assessment and significance of 
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newly recognised prognostic factors in colorectal cancer; and the 
role of the surgical pathologist in the clinical management of locally 
excised malignant polyps of the large intestine. A critical evaluation 
of quantitative techniques in diagnostic gastrointestinal pathology 
is given by the Belfast group, who have made a special contribution 
to this field, and valuable guidance is given on the biopsy diagnosis 
of disorders of intestinal neuronal innervation by HEITZ and KOM
MINOTH, based on their great personal experience. Finally, the be
nefit of combining classical morphology with the newly available 
techniques of immunology and cell and molecular biology is well 
illustrated in a chapter on the gut-associated lymphoid tissue and 
gastrointestinal malignant lymphoma. 

Although this book is written primarily for diagnostic histopa
thologists, is is hoped that it will also be of value to all practitioners 
of clinical and surgical gastroenterology who depend on the patholo
gist for their daily management of patients. 

I wish to express my wholehearted gratitude and appreciation to 
the contributors of this volume, who have given generously of their 
precious time. I am also most grateful to my personal secretary, 
Mrs. N.l. Owen, and to the staff of Springer Verlag, notably Ms. 
H. Herion, Ms. U. Davis, and Mrs. D. Oelschlager, whose patient 
assistance has been invaluable. 

Cardiff, United Kingdom GERAINT T. WILLIAMS 
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2 M.DIXON 

1 Introduction 

Although for many years a simple classification of 'non-specific' gastritis 
into acute, chronic superficial and chronic atrophic categories has sufficed 
in routine histopathological practice, the clinical significance of the latter 
diagnoses is uncertain. While acute gastritis has well established and con
sistent clinical associations (a recent history of drug ingestion or alcohol 
excess leading to haemorrhagic erosions), the clinical features of chronic 
gastritis are much more nebulous. The finding of chronic gastritis in 'heal
thy volunteers' (KREUNING et al. 1978) and in random population surveys 
(VILLAKO et al. 1976) has led some to conclude that the condition is a nor
mal aging process of no clinical consequence. While this is a minority view, 
even those who believe it to be a pathological process have difficulty in 
recognising at what point the density of the inflammatory cell infiltration 
becomes 'abnormal', and the relationship between this inflammatory pro
cess, symptomatology and associated pathology. 

There have been several attempts to refine the histological classifica
tion of chronic gastritis, the best known being that of WHITEHEAD et al. 
(1972), who advocated a system based on the type of mucosa, subdivision 
into superficial and atrophic forms, the 'activity' (presence of polymorph 
infiltration), and the presence and type of metaplasia. Thus according to 
their scheme a biopsy might be reported as showing 'antral active chronic 
superficial gastritis without metaplasia' or 'body inactive chronic atrophic 
gastritis with intestinal metaplasia'. These authors also endorsed the addi
tional category of 'gastric mucosal atrophy' for biopsies showing marked 
glandular atrophy, widespread metaplasia and negligible inflammmatory 
cell infiltration. However, others, such as CHELl and GIACOSA (1983), pre
fer to consider this picture as simply the severe end of the spectrum found 
in chronic atrophic gastritis and do not feel that a separate diagnostic cate
gory is warranted. These authors also address the not infrequent problem 
of categorising cases where deep (transmucosal) chronic inflammatory in
filtration is found without convincing glandular atrophy. Insofar as neither 
superficial nor atrophic gastritis is appropriate, they advocate the term 'in
terstitial gastritis', but the introduction of this additional diagnosis would 
only serve to confuse further an already confusing subject. Putting these 
semantic problems to one side, an expedient classification is that recently 
proposed by KEKKI et al. (1987), where chronic gastritis in the absence of 
glandular loss is termed superficial irrespective of the depth and intensity 
of the inflammatory cell infiltrate, and where there is glandular loss the 
varying degrees are reflected in the terms mild, moderate and severe 
atrophic gastritis. This classification has the merit of simplicity and when 
applied to body mucosa is closely allied to functional changes. 

These attempts to classify chronic gastritis on morphological grounds 
have brought increased uniformity to histological reporting but have added 
nothing to our understanding of the pathogenetic mechanisms involved. 
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Classifications based on topography and clinical associations have achieved 
more in this regard. STRICKLAND and MACKAY (1973) recognised two 
major categories of chronic gastritis, one mainly affecting body mucosa 
and associated with marked hypochlorhydria, high gastrin levels and an
tiparietal cell antibodies in the serum which they designated type A, and 
one showing predominantly antral involvement, low gastrin levels and no 
parietal cell antibodies which they termed type B. This classification was 
expanded by GLASS and PITCHUMONI (1975) to include cases with patchy 
involvement of antrum and body - type AB. A more refined analysis of 
the three categories was provided by CORREA (1980), who, as before, dis
tinguished an auto-immune type, but separated the remainder into hyper
secretory and environmental types. Hypersecretory chronic gastritis is pre
dominantly antral and is associated with duodenal or prepyloric gastric 
ulceration and excessive production of acid and pepsin. Environmental 
chronic gastritis is multifocal, affecting both antrum and body, and is as
sociated with more proximal gastric ulcers and an increased tendency to 
develop dysplasia and carcinoma. From an aetiological point of view 
CORREA proposed that hypersecretory gastritis was possible triggered by 
psychosomatic or neurogenic mechanisms, and that environmental gastritis 
was related to dietary toxins and irritants. 

Our views on the aetiology of chronic gastritis have undergone a dra
matic reappraisal since 1983, when WARREN and MARSHALL 'rediscovered' 
curved bacilli, later named Campylobacter pylori, on the surface of gastric 
biopsies from patients with gastritis and peptic ulceration. The pathogenic 
status of this organism remains controversial, but sufficient evidence has 
accumulated to suggest that most non-auto-immune chronic gastritis can 
be considered a consequence of Campylobacter infection. We have there
fore proposed that the designation type B, indicating bacteria-associated 
chronic gastritis, remains entirely appropriate (WYATT and DIXON 1988). 

The ability to recognise these organisms readily in biopsy material has 
led to a great upsurge in interest in gastritis, and it has rapidly become 
apparent that there is wide variation in the prevalence of C. pylori in dif
ferent clinicopathological settings. In turn, this has prompted an increased 
awareness of heterogeneity within chronic gastritis, and it is these 'new' 
forms of gastritis which I principally intend to explore in this chapter. 

2 Type B Chronic Gastritis 

The histological features of type B gastritis are well known. There is an 
increase in the number of lymphocytes and plasma cells within the lamina 
propria which is termed supe1ficial in the absence of glandular atrophy and 
atrophic if the infiltrate is associated with glandular loss. Polymorph infil
tration is taken as a sign of activity, and polymorphs are usually seen as an 
interstitial infiltrate between the pits and within foveolar and surface 
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Fig. 1. Type B gastritis. 
Neutrophil polymorph infilt
ration concentrated around 
the isthmic region of a gas
tric pit 

epithelium. In severe activity they collect in the pits, forming the equiva
lent of crypt abscesses. In many cases polymorphs appear to congregate 
specifically around the pit-isthmic region which corresponds to the pro
liferative compartment (Fig. 1), and damage to stem cells at this site may 
be a factor in producing glandular atrophy (HOPWOOD 1988). It is this his
tological picture, for so long regarded as 'non-specific', that is closely as
sociated with C. pylori infection. 

The long history of 'spiral organisms' in the stomach and their recent 
rediscovery and characterisation has been the subject of several good re
views (GOODwIN et al. 1986; McNULTY 1986; RATHBONE et al. 1986 a; 
BLASER 1987). The organisms were originally identified using the Warthin 
Starry silver stain, but this method is time consuming and capricious so 
that simpler techniques, such as the modified Giemsa (GRAYet al. 1986), 
which we favour, have been widely adopted. Some pathologists believe 
that the organisms are just as readily recognised in routine haematoxylin 
and eosin sections, but in our experience scanty organisms can be missed 
without a 'special' stain. Their association with type B gastritis was noted 
in WARREN and MARSHALLS first report, and several studies (Table 1) 
have since confirmed the strength of the association with active, but not 
inactive, chronic gastritis. C. pylori is equally prevalent in chronic super-
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Table 1. C. pylori and activity in chronic gastritis 

Active Inactive 

n Cp+ n Cp+ 

Goodwin et al. (1985) 51 47 (92%) 23 8 (35%) 
Perth, WA 
Morris et al. (1986 a) 28 23 (82%) 7 (14%) 
Auckland, NZ 
Rawles et al. (1986) 23 16 (70%) 47 7 (15%) 
Baltimore, USA 
Wyatt et al. (1986) 109 95 (87%) 35 13 (37%) 
Leeds, UK 
] iang et al. (1987) 49 44 (90%) 72 36 (50%) 
Shanghai, China 

Table 2. C. pylori gastritis in children 

Chronic 
n gastritis Cp+ Age range (yrs) 

Czinn et al. (1986) 5 5 5 10 -16 

Drumm et al. (1987) 67 10 7 8.7-15.5 

Mahony et al. (1987) 38 10 9 10 -16 

Thomas et al. (1988) 50 10 10 5 -16 

ficial and chronic atrophic gastritis (ROLLASON et al. 1984) with the excep
tion of gastric atrophy and intestinal metaplasia. When infection is present 
the organisms are widely distributed throughout the stomach and it has 
been claimed that the finding of the organism can be taken as a marker of 
active chronic gastritis within that stomach, although not necessarily at the 
site of detection (HAZELL et al. 1987). Examination of multiple biopsies 
has shown that two antral biopsies will reveal their presence in all positive 
cases (WYATT et al. 1988 b). The organism inhabits exclusively gastric-type 
epithelium, including gastric metaplasia in the duodenum (PRICE et al. 
1985; ROLLASON et al. 1984; STEER 1984); it does not colonise intestinal
type epithelium either in the intestine proper or in metaplastic areas in 
the stomach, nor does it colonise severely dysplastic epithelium (unpub
lished observations) or the surface of cancer cells (JIANG et al. 1987). 

Just as the prevalence of chronic gastritis rises with age (VILLAKO et al. 
1986), so does the prevalence of C. pylori infection as detected both his
tologically (WYATT and RATHBONE 1988) and by serological testing for C. 
pylori-specific IgG antobodies (JONES et al. 1986; MORRIS et al. 1986 a). 
Where serological studies have included the investigation of children (KAL-



6 M.DIXON 

DOR et al. 1985; JONES et al. 1986) these have revealed uniformly low anti
body titres, suggesting that, in general, infection is acquired later in life. 
However, C. pylori is an occasional cause of 'primary' chronic gastritis in 
children and several groups have now reported on their findings in paediat
ric practice (Table 2). The detection of C. pylori-associated gastritis in 
children who have recently developed dyspeptic symptoms is further evi
dence in support of an aetiological role. However, the question as to 
whether or not C. pylori is pathogenic still remains unresolved. Evidence 
in support of its pathogenetic role can be drawn from morphological ob
servations, human and animal infection, immunological studies, biochemi
cal mechanisms and treatment studies. 

2.1 Morphological Observations 

In our experience histologically detectable C. pylori are never found on 
normal antral mucosa; invariably in positive cases there is some increase 
in mononuclear cells. However, in patients with gastritis limited to the an
trum one can find colonisation of the morphologically normal body mu
cosa (WYATI et al. 1986), so that inflammation is neither a prerequisite for 
colonisation nor an inevitable consequence of local colonisation. Failure 
to provoke an inflammatory response may be linked to low virulence of 
the particular strain of C. pylori; BURNIE et al. (1988) have identified nine 

Fig. 2. Type B gastritis. Low power electron micrograph showing numerous C. pylori either in 
the mucus layer or attached to the surface epithelial cells. A few cell fragments have become 
detached from the epithelium 
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types of which type 2 was isolated from patients with normal mucosa. We 
have found C. pylori to be more numerous in active inflammation and 
both neutrophil and eosinophil polymorphs are significantly increased 
in positive cases (KARTTUNEN et al. 1987). The organisms show a close 
spatial relationship to polymorphs (ANDERSEN et al. 1987), and to some 
extent the number of bacteria present can be correlated with the number 
of neutrophils (STEER 1985). Although these findings are strong support 
for a local infection, the relationship between activity and C. pylori has 
been disputed by other workers (PRICE et al. 1985; NIEDOBITEK et al. 
1987). 

Ultrastructurally, the organisms are found very closely apposed to the 
epithelial plasma membrane (Fig. 2), where there is loss of microvilli and 
formation of shallow cup-like attachment sites (Fig. 3) similar to the ad
hesion pedicles of pathogenic E. coli (GOODWIN et al. 1986). However, the 
mere presence of these cell-bacteria interactions does not indicate 
pathogenicity as similar attachments are seen with some commensal or-

Fig. 3. Tpye B gastritis. Electron micrograph in which three Campylobacter organisms show 
aspects of the attachment process. Organism A is possibly attached by a flagellum; B shows an 
ill-defined 'corona' of electron-dense material around the organism, maximal towards the 
plasma membrane; C. appears to be firmly attached at one pole to a saucer-like depression in 
the plasma membrane, forming a so-called adhesion pedestal 
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ganisms in a variety of animal species (SAVAGE 1970). Nevertheless, the 
infected epithelium shows degenerative changes comprising intercellular 
oedema, detachment from the basal lamina and cell necrosis, and partly 
digested organisms are seen in vacuoles within epithelial cells (TRICOTIET 
et al. 1986). Furthermore, organisms have been identified within the 
canaliculi of parietal cells (CHEN et al. 1986) and in phagocytic vacuoles 
inside polymorphs (SHOUSHA et al. 1984). 

2.2 Human and Animal Infection 

Marshall's 'heroic' experiment, in which following ingestion of approxi
mately 109 C. pylori organisms he developed a symptomatic gastritis (MAR
SHALL et aL 1985 a), seemed to be clear evidence of the organism's 
pathogenicity. However, this apparently crucial experiment did not confirm 
a role for C. pylori in chronic gastritis as the gastritis that developed was 
histologically acute and proved to be self-limiting. Chronic gastritis did 
develop in a subsequent hUI1)an volunteer study (MORRIS and NICHOLSON 
1987), and it is likely that two epidemics of hypochlorhydria among volun
teer subjects were caused by C. pylori transmitted by non-sterilised pH 
electrodes (RAMSEyet al. 1979; GLEDHILL et al. 1985). In both studies an 
initial hypochlorhydric illness progressed to histological chronic gastritis in 
several cases, and in one of these studies retrospective serological testing 
revealed that antibody titres to C. pylori rose in 9 of 12 gastritis patients 
during the convalescent phase (PETERSON et al. 1987). Sceptics could 
argue that even these observations do not prove a causal relationship and 
instead raise the possibility that the hypochlorhydria predated exposure to 
C. pylori and allowed the organisms to colonise and proliferate (HOWDEN 
and HUNT 1987). It is certainly recognised that the organisms are acid in
tolerant and do not survive below a pH of 2.5 (HAZELL and LEE 1985) so 
that at least a transient hypochlorhydria is required to facilitate their safe 
passage from the gastric lumen to their protected niche beneath the 
mucus-bicarbonate barrier, where the pH is near neutraL However, a suffi
ciently hypochlorhydric episode probably occurs with every meal, so there 
is no need to invoke more esoteric mechanisms. 

The establishment of an animal model of C. pylori gastritis has proved 
difficult. Rodents traditionally used in peptic ulcer research have proved 
unsuitable, but there have been recent reports of chronic gastritis following 
administration of C. pylori to gnotobiotic piglets (LAMBERT et al. 1987; 
MORGAN et al. 1988) and rhesus monkeys (BASKERVILLE and NEWELL 
1988). Gastric colonisation by a related Campylobacter-like organism 
accompanied by chronic gastritis has also been observed as a natural infec
tion in aging ferrets (Fox et al. 1986). 

The outcome of these human and animal studies has been to demon
strate that the establishment of C. pylori infection in previously normal 
gastric mucosa results in a chronic inflammatory response. 
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2.3 Immunological Studies 

The fact that patients with C. pylori gastritis have raised levels of specific 
antibody in their serum has already been mentioned. The elevation is of 
sufficient magnitude to permit serological diagnosis (RATHBONE et al. 
1986b); JONES et al. 1986) and is proving useful in epidemiological studies, 
for example among endoscopy personnel (RAWLES et al. 1987) and meat 
workers (MORRIS et al. 1986 a). Specific IgA and IgM antibodies can be 
detected in gastric juice (RATHBONE et al. 1986 c) and coating of mucosal 
C. pylori has been demonstrated by immunohistological techniques 

Fig. 4. Type B gastritis. Campylobacter-positive chronic gastritis showing a lymphoid aggre
gate with germinal centre formation 
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(WYATI et al. 1986). Local production of antibodies to C. pylori by plasma 
cells in the lamina propria has been confirmed by in vitro culture of gastric 
mucosal biopsies (WYATI and RATHBONE 1988). In keeping with this local 
specific antibody production, synthesis of secretory component is increased 
in antral chronic gastritis, as is production of the non-specific antibacterial 
substances lysozyme and lactoferrin (ISAACSON 1982; VALNES et al. 1984). 
It has also been shown that the number of CD-4 positive lymphocytes 
(helper-inducer T cells) increases relative to CD-8 suppressor cells in C. 
pylori-positive gastritis (RATHBONE et al. 1988 b) and that these changes 
are paralleled by the acquisition of lymphoid follicles with germinal centres 
in about one-third of cases (Fig. 4), such follicles being almost invariably 
absent in normals and C. pylori-negative gastritis (WYATI and RATHBONE 
1988). Thus the increase in mononuclear cells seen in type B gastritis is 
explicable in terms of a cellular and humoral immune response directed 
towards C. pylori. Secretion of IgA antibody is likely to interfere with 
bacterial adhesion, and coating of organisms by IgM and IgG, which have 
complement fixing and opsonising properties, would be likely to enhance 
neutrophil activity against C. pylori and explain the association between 
colonisation and polymorph activity (WYATI et al. 1986 a). Enhanced pro
duction of the chemotactic factor leukotriene LTC4 has also been demon
strated in C. pylori-associated gastritis compared with normal mucosa 
(AHMED et al. 1987). 

2.4 Biochemical Mechanisms 

One of the most remarkable features of C. pylori is its urea-splitting capac
ity (OWEN et al. 1985), and the generation of ammonia in its immediate 
microenvironment may further protect the organism against acid attack 
(GOODWIN et al. 1986). The organism's high urease activity has been 
utilised in developing rapid diagnostic tests based on incubation of gastric 
biopsies in urea-containing media with a pH indicator (MORRIS et al. 
1986 b) and in non-invasive breath tests following oral administration of 
14C_ and 13C-Iabelled urea (GRAHAM et al. 1987). Whether or not ammonia 
production is a pathogenetic mechanism in C. pylori infection is controver
sial, but MURAKAMI and his colleagues (1987 a, b) have shown that am
monia can produce necrotic lesions in the rat stomach and that urease 
activity combined with high blood urea levels in patients with azotaemia 
leads to ammonia-induced damage of the gastric mucosa. 

Other potential biochemical mechanisms by which the organism may 
cause mucosal damage are back-diffusion of hydrogen ions (HAZELL and 
LEE 1986), proteolytic degradation of mucus (SLOMIANY et al. 1987) and 
the production of toxins (LEUNK et al. 1988). 

The relative importance of these mechanisms is not clear but they offer 
a more than adequate explanation for C. pylori as a cause of mucosal in
jury. Such injury might not only be manifest as a chronic gastritis but in 
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combination with acid attack can lead to erosion and ulceration. There is 
evidence that C. pylori-associated gastritis may be involved in up to 70% 
of gastric ulcers (O'CONNOR et al. 1987). 

2.5 Treatment Studies 

If C. pylori is indeed the principal aetiological factor in type B chronic 
gastritis then eradication of the organism should result in symptomatic and 
histological improvement. While it has been shown that certain antimicro
bials known to be effective against C. pylori, such as metronidazole and 
furazolidone, will bring about the healing of gastroduodenal ulcers (DIAZ 
and ESCOBAR 1986; ZHENG et al. 1985), their efficacy in chronic gastritis 
has not been investigated. Other potentially effective antibiotics, such as 
erythromycin (McNULTY et al. 1986) and nitrofurantoin (GILMAN et al. 
1987), have been tried but with variable results. Bismuth-containing com
pounds, alone amongst the ulcer-healing agents, are bactericidal for C. 
pylori, and several studies (McKENNA et al. 1987; ROKKAS et al. 1987) 
have investigated the value of colloidal bismuth subcitrate in the treatment 
of gastritis. These studies using bismuth alone, and others using combi
nations of bismuth compounds with antibiotics (BORODY et al. 1988; 
RAUWS et al. 1988), have consistently shown that eradication of C. pylori 
is accompanied by symptomatic improvement and a significant reduction 
or resolution in histological gastritis. Thus treatment studies tend to en
dorse a pathogenetic role for C. pylori. 

2.6 Conclusion 

On the basis of this accumulated experience, I regard the evidence in 
favour of C. pylori having a pathogenetic role in chronic gastritis as very 
persuasive. Whether or not this role is primary or secondary is more debat
able. The epidemiological data indicate a steadily increasing prevalence of 
C. pylori with advancing age; this is unusual for a primary infection spread 
by the oral route, and it still remains a possibility that C. pylori is an 'op
portunistic' pathogen that follows in the wake of some (but not all) kinds 
of mucosal injury and initiates and perpetuates chronic inflammation. 
There are other workers in this area, however, who have no doubt that 
C. pylori is a primary pathogen, and yet others who consider the organism 
to be simply a 'passenger' carried by an abnormal gastric mucosa. The 
debate continues! 
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3 Type A Chronic Gastritis 

Classically the appearances in type A gastritis are those of gastric atrophy 
affecting body mucosa. The mucosa is thinned, and there is virtually com
plete loss of specialised cells with apparent replacement of glands by down
ward extension of the proliferative compartment. This feature allied to 
widespread intestinal metaplasia gives an appearance of villi and elongated 
pits which can resemble small intestinal mucosa. Chronic inflammatory 
cells are generally scanty and polymorphs are absent, and the lamina pro
pria may show infiltration by fat cells. These classical appearances, how
ever, are found in less than half of patients with pernicious anaemia (PA) 
(JOSKE et al. 1955), while conversely end-stage gastric atrophy can be 
found in the absence of other features of PA (CHELl and GIACOSA 1983). 
The antral mucosa in PA is usually described as normal or shows less gas
tritis than the body. The fact that antral gastritis is common in the general 
population suggests that when antral involvement is found in patients with 
PA it represents coincidence of type A and type B gastritis. If this was the 
case one would expect to find Campylobacter organisms in the involved 
antrum. 

3.1 Campylobacter Status 

We examined the Campylobacter status in antral and body biopsies from 
14 patients with PA and compared them with age- and sex-matched pa
tients with peptic ulcer disease (O'CONNOR et al. 1984). As expected, all 
but one of the latter group had C. pylori whereas only three of the PA 
group had the organisms and in two of these they were scanty. The or
ganisms were found on antral mucosa in two cases; thus the prevalence of 
antral Campylobacter-associated gastritis in this admittedly small series of 
PA patients was only 14%. A serological study of patients with low levels 
of vitamin B12 and positive intrinsic factor and parietal cell antibodies has 
independently confirmed the low prevalence of C. pylori antibodies 
amongst this group (RATHBONE et al. 1989). A more complete histological 
study has recently been reported by FLEJOU and colleagues (1989), who 
examined antral and body biopsies from 45 patients with PA. All had 
chronic atrophic gastritis in the body and gastritis was found in the antrum 
in 16 cases (36%). Only one patient with antral gastritis was colonised by 
C. pylori, giving a prevalence of 6%, far below that found in type B gas
tritis. These authors concluded that the antrum in PA is resistant to coloni
sation by C. pylori and their findings argue against coincidence of type A 
and type B gastritis. Thus, whatever the cause of the antral gastritis in PA, 
it does not involve C. pylori. 
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3.2 Pathogenesis 

While an auto-immune pathogenesis for PA seems firmly established and 
the disease has been produced experimentally by serial injections of auto
antigens (ANDRADA et al. 1969) and auto-antibody (INADA and GLASS 
1975), its distinction from 'environmental' gastritis is not clear-cut. In a 
prolonged follow-up study of chronic gastritis conducted by IHAMAKI et al. 
(1985), a considerable proportion of patients who showed diffuse (antral 
and body) gastritis 10 years before, exhibited a 'pure' body gastritis at fol
low-up, "obviously due to regression of the antral process", which gave 
rise to a phenotype characteristic of PA. Likewise the development of end
stage atrophic gastritis was significantly associated with the presence of 
parietal cell antibodies. Thus their findings indicate the existence of an al
ternative route for the development of type A gastritis from a pre-existing 
diffuse chronic atrophic gastritis (CAG). KAYE (1987) has gone even 
further in stating that "there is little reason to doubt that CAG and PA 
share a common aetiology and pathogenesis." Such a conclusion is difficult 
to reconcile with the striking differences in the prevalence of C. pylori 
found in these two conditions. 

3.3 ECL Cells and Polyps 

The parietal cell antibodies characteristic of PA are thought to have both 
direct cytotoxic effects and a blocking action on gastrin receptors on 
parietal cells. These effects and the consequent hypochlorhydria result in a 
'negative feedback' stimulation of gastrin production (KAYE 1987). Thus, 
in a 'typical' case where the antrum is uninvolved there is G cell hyper
plasia and hypergastrinaemia. The raised gastrin levels are in turn held to 
be responsible for proliferation of enterochromaffin-like cells in the body 
part of the stomach so that some patients with PA exhibit diffuse argy
rophil cell hyperplasia (RODE et al. 1986) or develop carcinoid tumors 
(HARVEYet al. 1985) or both (BORCH et al. 1985). 

Carcinoid polyps are increasingly recognised in PA, but they are by no 
means the commonest form of polyp encountered in these patients. De
spite the claim by IKEDA and colleagues (1985) that gastric 'pseudopolyps' 
are "a new clinical manifestation of type A gastritis", multiple small sessile 
polyps have long been associated with pernicious anaemia and are ob
served in about one-third of patients (ELSBORG et al. 1977; VARIS et al. 
1979: STOCKBRUGGER et al. 1983). Histologically they are described as 
hyperplastic but some might simply represent, as IKEDA suggests, residual 
islands of relatively normal mucosa thrown into relief by the surrounding 
mucosal atrophy. 



14 M.OIXON 

4 Lymphocytic Gastritis 

In our experience less than 10% of biopsies showing active chronic gastritis 
are C. pylori negative. While a few negative biopsies can be explained on 
the basis of sampling error, the majority cannot. We were intrigued by 
these 'active negative' cases and on review noted that some showed unusu
ally marked lymphocytic infiltration of the surface and foveolar epithelium 
corresponding to an entity recently described as lymphocytic gastritis 
(HAOT et al. 1986 a, b). 

4.1 Relationship to Varioliform Gastritis 

Excessive lymphocytic infiltration of the gastric epithelium appears to have 
been first described in 1985 by HAOT et aI., and by RUBIO et al. who ob
served it in a Japanese patient with peptic ulceration. HAOT and his col
legues (1986 a, b) subsequently detailed the clinicopathological aspects in 
46 patients and emphasised its relationship to 'varioliform gastritis'. The 
latter term was introduced in 1947 when it was applied by MOUTIER and 
MARTIN to the gross appearances in two cases of gastritis characterised by 
widespread nodular and eroded lesions running along the gastric rugae 
(Fig. 5). Two similar cases were described in the same year by ALBOTet al. 

Fig. 5. Lymphocytic gastritis. Part of a gastrectomy specimen removed for early gastric cancer 
showing prominent mucosal folds in the body part of the stomach. The mucosa has a coarsely 
nodular or mamillated appearance. This proved to be lymphocytic gastritis on microscopy. We 
believe the two lesions to be unrelated 
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'Varioliform gastritis' as an endoscopic diagnosis seems to have been 
rather loosely applied to any condition in which there are multiple 
'chronic' erosions, so that the reported histological findings are in disarray. 
Some authors describe foveolar hyperplasia and fibrosis (GREEN et a1. 
1977; FRANZIN et a1. 1984) while others lay emphasis on dense mononu
clear cell infiltration of the lamina propria (O'BRIEN et a1. 1972; ELTA 
et a1. 1983; GALLAGHER et a1. 1987). A proportion of the latter patients 
will have lymphocytic gastritis. As I have argued elsewhere (WYATT and 
DIXON 1988), there appear to be three histological patterns associated with 
chronic erosive gastritis; strictly antral (prepyloric) chronic erosions usually 
show fibrosis and foveolar hyperplasia, whereas erosions maximal in the 
body are more likely to be lymphocytic gastritis. Other erosions, mainly 
antral, result from focally severe type B chronic gastritis. 

4.2 Prevalence 

Once one is aware of the entity of lymphocytic gastritis, the histological 
picture is readily recognised. On the basis of exceptional numbers of intra
epithelial lymphocytes in the surface and foveolar epithelium we identified 
17 cases from amongst 382 (4.5%) otherwise straightforward cases of 
active chronic gastritis (DIXON et a1. 1988). At low magnification the 
epithelium is crowded with nuclei (Fig. 6) which at higher power are seen 
to belong to mature-looking lymphocytes, many of which are surrounded 
by a clear halo typical of normal intra-epithelial lymphocytes (Fig. 7). On 

Fig. 6. Lymphocytic gastritis showing superficial erosion in a biopsy specimen 
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Fig. 7. Lymphocytic gas
tritis. Higher power view 
showing the prominent 
plasma cell content of the 
lamina propria and marked 
lymphocytic infiltration of 
the surface and foveolar 
epithelium. Many of the lym
phocytes arc of the 'halo' 
type characteristic of normal 
intra-epithelial T-cells 

immunostaining these are exclusively of Tcell type. The number of intra
epithelial lymphocytes in lymphocytic gastritis is increased by 10-15 times 
that found in active chronic gastritis; 55.3 ± 19.5 (mean ± SD) versus 
3.7 ± 1.3 in our series. 

While endoscopy in the classical case reveals multiple small nodules 
each surmounted by a shallow aphthoid or erupting erosion maximal in 
the body part of the stomach, only a minority of our cases showed this 
fully-developed picture. Therefore, in the same way that not all endoscopic 
varioliform gastritis is 'lymphocytic', not all histological lymphocytic gas
tritis is 'varioliform'. 

4.3 Campylobacter Status 

When we examined the Campylobacter status of our cases. Only seven of 
the patients (41 %) were C. pylori positive compared with over 90% in the 
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generality of active type B gastritis. However, the relationship was not 
clear-cut: four of the C. pylori-negative patients had antibody titres in the 
positive range, indicating previous infection; in two patients there were 
neither organisms nor serological evidence of infection; and in two cases 
an apparent change from C. pylori negative to positive on follow-up biopsy 
was not accompanied by any substantial change in the intra-epitheliallym
phocyte counts. 

4.4 Aetiology 

The aetiology of lymphocytic gastritis remains obscure. Previous specula
tion on the pathogenesis of varioliform gastritis has centred on it being an 
allergic reaction. LAMBERT et al. (1978) reported finding increased num
bers of IgE-positive cells in the lamina propria using immunofluorescence, 
but this has not been our experience in a small number of cases of lym
phocytic gastritis investigated by immunohistology. In keeping with an 
allergic aetiology, ANDRE et al. (1982) have demonstrated the efficacy of 
sodium cromoglycate treatment, and a case of varioliform gastritis has 
been described in which the condition followed the drinking of a herb-tea 
mixture (PERARNAU et al. 1984). The histological picture of large numbers 
of T-Iymphocytes infiltrating the surface epithelium is reminiscent of 
coeliac disease. Although the gastric epithelium does not show lymphocy
tic infiltration in gluten-sensitive enteropathy (HANSKYand SHINER 1983; 
GILLBERG et al. 1985), the similarity between the two conditions suggests 
that they may have a common immunopathological basis in sharing an 
abnormal response to some local antigen to which the patient has become 
sensitised. The nature of the antigen in lymphocytic gastritis is not clear; 
while C. pylori is a possible candidate, the tendency for the disease to 
affect the body rather than the antrum of the stomach is difficult to ex
plain. 

5 Reflux Gastritis 

The General Infirmary at Leeds has a long tradition of expertise in gastric 
surgery culminating in recent years in the introduction of the highly selec
tive vagotomy for duodenal ulcer (JOHNSTON and WILKINSON 1970). This 
in turn has led to considerable interest in the 'postoperative stomach' and 
in particular in enterogastric reflux of bile and its relationship to symptoms 
and gastritis. Among several studies on this topic, we have compared the 
severity of 'conventional' (type B) chronic gastritis with the levels of in
tragastric bile acids in patients who have undergone a variety of operations 
for duodenal (DEWAR et al. 1983) and gastric ulcer (DEWAR et al. 1984) 
and found there to be no correlation. However, during the course of these 
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Fig. 8. Tpye C gastritis due to reflux. Antral biopsy from a patient who had undergone truncal 
vagotomy and pyloroplasty some years before. There is foveolar hyperplasia, increased vascu
larity and increased numbers of smooth muscle fibres but normal numbers of chronic inflam
matory cells 

studies I became increasingly convinced that some patients with reflux 
exhibited a distinctive form of 'gastritis' which did not fit into the usually 
accepted categories. These biopsies showed marked foveolar hyperplasia, 
oedema, vasodilatation and increased smooth muscle fibres in the lamina 
propria, and a paucity of acute and chronic inflammatory cells (Fig. 8). It 
should be emphasised that these appearances were found in widely sepa
rated areas in the gastric remnant and were not merely confined to the 
peristomal area where these changes, together with cystic dilatation, distor
tion and atrophy of glands, are well recognised. In a subsequent study we 
were able to demonstrate by allocating each patient a reflux score based 
on these histological criteria that there was a significant link between high 
reflux scores and abnormal bile acid levels and hypochlorhydria in samples 
of fasting gastric juice (DIXON et al. 1986). We therefore concluded that 
there is a distinct histological picture associated with alkaline enterogastric 
reflux which can be termed reflux gastritis. 

5.1 Foveolar Hyperplasia 

The concept of a reflux 'gastritis' without inflammatory cells is a difficult 
one for many histopathologists to accept. Indeed this reluctance to accept 
the term gastritis led DU PLESSIS, a pioneer in this field, to abandon the 
term 'proliferative gastritis' (DU PLESSIS and LAWSON 1974) in favour of 
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'chronic gastric mucosal reaction' (OU PLESSIS 1977), but even with this 
amended name the lesion remained largely ignored. It was LAWSON who 
first drew attention to foveolar hyperplasia as a feature of enterogastric 
reflux in describing a 'hypertrophic gastritis' which developed in dogs sub
jected to partial gastrectomy (LAWSON 1965), and further support for this 
being a major consequence of reflux has come from experimental (MEN
GUY and MAX 1970; DELANEYet al. 1975; ROBBINS et al. 1976) and clini
cal studies (DRAPANAS and BETHEA 1974; Loup et al. 1978; RITCHIE 
1980). These studies have been extended more recently by MOSIMANN and 
his colleagues, who in an investigation of duodenogastric reflux in vago
tomised dogs found that foveolar hyperplasia was the only microscopic 
lesion induced by reflux (MOSIMANN et al. 1984) and that the hyperplasia 
regressed or disappeared after the correction of reflux (FONTOLLIET et al. 
1984). In keeping with these findings, cell kinetic investigations reveal 
increased proliferation in the presence of duodenogastric reflux (LANG
HANS et al. 1984 a). Subsequent to publication of our study, BECHI et al. 
(1987) investigated partially gastrectomised patients for histological fea
tures of reflux and concluded that hyperplasia of the foveolar epithelium 
was reflux related whereas there was no relationship between chronic 
atrophic gastritis and reflux. 

5.2 Pancity of Inflammatory Cells 

Both OU PLESSIS and MOSIMANN have expressed misgivings over the sig
nificance of the inflammatory cell infiltrate in reflux; the former found the 
infiltrate to be frequently absent in symptomatic patients (OU PLESSIS 
1977) while the latter stated that the infiltrate "does not regress significant
ly in humans after remedial surgery. This tends to deny reliability to this 
criterion for the diagnosis of reflux gastritis." (MOSIMANN et al. 1981). I 
would go further and claim that chronic inflammatory cell infiltration is 
not an integral part of the response to reflux and that previous attempts 
to correlate chronic superficial and atrophic gastritis with the degree of 
reflux have been misplaced. When chronic inflammatory cells are present 
in biopsies from a patient with reflux they are likely to represent coexistent 
type B chronic gastritis or the legacy of a pre-existing type B gastritis. 

5.3 Hyperaemia 

While the reluctance to accept inflammation sine inflammatory cells is un
derstandable, it is surprising that histopathologists have been slow to 
acknowledge that lamina propria oedema and congestion represent the 
vascular component of an inflammatory response rather than biopsy arti
fact. It is surprising because mucosal hyperaemia has long been considered 
by endoscopists to be an important indicator of reflux gastritis, and a sig-
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nificant correlation has been found between hyperaemia and the concen
tration of bilirubin in gastric juice (KEIGHLEY et al. 1975). Furthermore, 
erythema and oedema almost invariably disappear following the creation 
of a Roux-en-Y limb (RITCHIE 1984). Histologically, both oedema (SCUDA
MORE et al. 1973) and congestion (DRAPANUS and BETHEA 1974) have 
been mentioned but without special emphasis. More recently a careful 
study by EMMANOUILIDIS and colleagues (1984) gave rise to the observa
tion that "marked oedema of the lamina propria with lack of inflammatory 
infiltration was a very characteristic finding in bile gastritis." 

5.4 Pathogenesis 

The injurious agent in enterogastric reflux remains a subject of debate. 
The reflux ate contains alkaline pancreatico-duodenal secretions as well as 
bile acids, bile salts and lysolecithin, the latter being produced by the 
action of phospholipase in pancreatic juice on the lecithin in bile. The 
damaging action of lysolecithin (DAVENPORT 1970; ORCHARD et al. 1977) 
and bile salts (EASTWOOD 1975) has been long recognised, and more re
cently CARTER et al. (1984) have demonstrated exfoliation of surface cells 
following topical application of bile acids in an acid milieu. Just as we have 
proposed with aspirin-induced injury (BERRISFORD et al. 1985), it appears 
that increasing concentrations of taurocholic acid evoke a sequential re
sponse in the surface epithelium from an initial increased release of mucus 
through to massive cell exfoliation consequent upon disruption of the 
mucus barrier. Others have Qemonstrated that isolated pancreatic reflux 
gives rise to more antral erosions than isolated bile reflux, although the 
latter produced more fundal lesions (DISERENS et al. 1984). However, 
ARMSTRONG et al. (1988) have more recently demonstrated that bile acids, 
lysolecithin and gastric luminal pH, but not pancreatic enzymes, are major 
determinants of gastrotoxicity in the rat. Whatever the relative importance 
of these agents in man, it seems reasonable to argue that reflux leads to 
an essentially 'chemical' injury which results in disruption of the mucus 
barrier and directly affects the mucosa but also permits acid attack (REES 
and RHODES 1977). The combined injury leads to accelerated exfoliation 
of surface epithelial cells, and a histamine-mediated vascular response 
manifest as oedema and hyperaemia, without (presumably) the production 
of leucotaxins or the need for a local immune response which would entail 
the participation of acute and chronic inflammatory cells. Repetition of 
the injury might lead to the release of other soluble factors, such as 
platelet-derived growth factor, which stimulates smooth muscle and, later 
on, fibroblastic proliferation. I would argue that the finding of hyperaemia 
and interstitial fluid exudation, despite the absence of cellular exudation, 
justifies the term 'reflux gastritis' rather than the more cumbersome 'gas
tropathy'; furthermore reflux gastritis is now firmly established in clinical
terminology. 
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5.5 Specificity 

The individual histological features seen in association with alkaline reflux 
are in no way specific. Foveolar hyperplasia is simply a response to exces
sive cell exfoliation from the surface epithelium and as such is seen in all 
types of active gastritis. Likewise, hyperaemia and oedema are part of any 
inflammatory process. Indeed, the proposition that a combination of these 
features together with a paucity of inflammatory cells constitutes a distinct 
entity is only valid insofar as they indicate a distinctive response of the 
gastric mucosa to repeated 'chemical' injury. Thus identical appearances 
can be found following repeated drug injury to the mucosa, notably that 
caused by long-term treatment with NSAIDs (LAINE et a1. 1988), and in 
some alcoholic patients (PARL et a1. 1979). Thus, in the absence of precise 
clinical information, the histopathologist faced with these appearances 
might do better to employ a diagnostic term wich indicates that the picture 
is that of a 'chemically induced' chronic gastritis rather than to assume the 
cause to be 'reflux'. It seems logical therefore to employ the term 'type C' 
(Chemical) gastritis for this category. 

5.6 Campylobacter Status 

With regard to the relationship between enterogastric reflux and gastric 
Campylobacter organisms, we have investigated C. pylori status in patients 
with unoperated duodem:l ulcer (DU) and several groups of postoperative 
DU patients, one group treated by highly selected vagotomy (HSV), and 
the others comprising patients who had undergone various operations 
which removed or bypassed the pylorus (O'CONNOR et a1. 1986 b). The 
preoperative DU group showed 97% C. pylori positivity and the HSV 
group 94% positivity, while the other postoperative groups had an overall 
positivity of 42%. In keeping with a previous study (O'CONNOR et a1. 
1986 a) we found that C. pylori negativity was significantly linked to high 
histological reflux scores and high intragastric bile acid levels. Thus we con
cluded that many patients with DU must undergo a change from a C. 
pylori-positive chronic gastritis to a C. pylori-negative reflux gastritis fol
lowing operations which permit enterogastric reflux. This means that for a 
variable time after surgery there must be a transitional phase during which 
biopsies will reveal a mixed picture of foveolar hyperplasia and chronic 
inflammatory cell infiltration. Only later will the more characteristic pic
ture associated with reflux emerge. A more recent study (GUSTAVSSON 
et a1. 1987) identified C. pylori in 6 of 24 partial gastrectomy patients. In
terestingly, four of nine patients without symptoms were positive, whereas 
only 2 of 15 with symptoms attributed to 'alkaline reflux gastritis' had 
C. pylori. The disappearance of C. pylori in reflux is likely to be a conse
quence of disruption of the mucus-bicarbonate barrier (RITCHIE 1977) and 
the bile intolerance of the organism (TOMPKINS and WEST 1987). HSV 
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appears to protect against reflux but the C. pylori-positive chronic gastritis 
persists in these patients. 

5.7 Reflux in the Intact Stomach 

Although our published work has been largely concerned with postopera
tive patients in whom the presence of reflux has been substantiated by 
intragastric bile acid measurements, I have frequently encountered similar, 

Fig. 9. Type C gastritis in the intact stomach. There is prominent foveolar hyperplasia, 
oedema and congestion of the lamina propria and a paucity of chronic inflammatory cells 
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Fig. 10. Type C gastritis in 
the intact stomach. Biopsy 
from another case showing 
foveolar hyperplasia, capil
lary congestion and an in
crease in smooth muscle 
fibres in the lamina propria. 
There was no history of 
NSAID ingestion or alcohol 
abuse in either case 

albeit milder, changes in intact stomachs (Figs . 9,10). If ingestion of 
NSAIDs and alcohol abuse can be excluded, then I would claim that the 
finding of severe degrees of epithelial hyperplasia , congestion and lamina 
propria oedema, with no increase in chronic inflammatory cells, is indica
tive of reflux gastritis. 'Spontaneous' enterogastric reflux is less widely 
acknowledged than that following gastric surgery, and yet its occurrence in 
un operated gastric ulcer patients (THOMAS 1984) and in 'gallstone dys
pepsia' and post-cholecystectomy patients (SVENSSON et a1. 1986) is well 
documented. After these associations have been eliminated there remains 
a substantial proportion of patients with demonstrable reflux who are as
sumed to have a motor disturbance of pyloro-antral function which can be 
termed 'primary or idiopathic enterogastric reflux' (FISHER 1985). This 
condition mayor may not be part of a wider disturbance of gastrointestinal 
motility which overlaps with the irritable bowel syndrome, and recent ex
perimental work indicates that the fault lies in decreased antral motility 
(DEFILIPPI et a1. 1987). 
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The relationship between histology and reflux in the intact stomach has 
been explored recently by NIEMELA et al. (1987), and these authors found 
that reflux was associated with infiltration of mononuclear cells, neutro
phils and eosinophils as well as foveolar hyperplasia. The possibility that 
many patients aged over 40 with demonstrable duodenogastric reflux will 
already have a type B chronic gastritis does not appear to have been taken 
into account in this study. Future studies on the intact stomach will have 
to ascertain the C. pylori status and examine correlations with reflux 
within positive and negative categories. 

5.8 Reflux and Ulceration 

Under most circumstances the increased rate of cell loss at the surface is 
compensated for by foveolar hyperplasia, but where the injury is particu
larly severe, erosions will develop, and the lesion may even progress to 
chronic gastric ulceration. Although enterogastric reflux has not been 
widely considered as a predisposing factor in antral (prepyloric) erosions 
and ulcers, from the foregoing and a consideration of their histological ap
pearances it seems likely that reflux rather than type B gastritis reduces 
mucosal resistance and leads to erosion without a requirement for 
hyperacidity. Some support for this view comes from the finding that acid 
production in patients with antral erosive changes is within the normal 
range (NESLAND and BERSTAD 1985; Gus LANDI and BALLARIN 1986) and 
that the volume of duodenogastric reflux (FRIZIS et al. 1987) and gastric 
bile acid concentration (GOTTHARD et al. 1985) is high in patients with 
prepyloric ulcers. The role of bile reflux in gastric ulceration has been dis
puted (SCHINDLBECK et al. 1987) but histological studies suggest that 
duodenogastric reflux may be a factor in the production of about 30% of 
all gastric ulcers (O'CONNOR et al. 1987). Indeed. reflux might act to
gether with type B gastritis to further reduce mucosal integrity and in
crease its susceptibility to acid attack so that a larger proportion of gastric 
ulcers may result from their combined effects (KARTTUNEN and NIEMELA 
1988). 

5.9 Hyperplasia Versus Dysplasia 

Wider recognition of a 'chemical' (type C) gastritis may help in a fuller 
understanding of non-ulcer dyspepsia, and in postoperative patients will 
indicate those patients who are most likely to benefit from revisionary 
surgery to divert bile away from the stomach. Of more relevance to the 
histopathologist, however, is the distinction between foveolar hyperplasia 
and premalignant dysplasia. There is a tendency for histopathologists to 
interpret marked foveolar hyperplasia in the absence of inflammatory cells 
as dysplasia when the same cytological appearances in the presence of in-
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flammatory cells would be termed 'reactive' or 'regenerative'. Thus a fail
ure to appreciate the nature of the mucosal response to reflux probably 
underlies the high prevalence of low grade (mild and moderate) dysplasia 
reported in some studies on the postoperative stomach (LANGHANS et al. 
1984 b; PICKFORD et al. 1984; THOMAS et al. 1984) and explains the rarity 
of progression to severe dysplasia and carcinoma found in follow-up 
studies on low grade dysplasia (OFFERHAUS et al. 1984). We believe that 
most diagnoses of low grade dysplasia in postoperative biopsies are exam
ples of foveolar hyperplasia and not true (premalignant) dysplasia, a view 
endorsed by the findings of WEINSTEIN et al. (1985). 

5.10 Gastric Antral Vascular Ectasia 

An exaggerated form of the histological picture seen in reflux has been 
recently described in the uncommon condition of gastric antral vascular 
ectasia (GAVE). As the name implies, the most important feature is in
creased vascularity with capillary ectasia, but biopsies also show foveolar 
hyperplasia, fibromuscular hyperplasia in the lamina propria and a paucity 
of inflammatory cells, together with fibrin thrombi in mucosal capillaries 
(SUIT et al. 1987) (Figs. 11, 12). Endoscopically, one sees prominent longi
tudinally running mucosal folds each showing a band of intense 
hyperaemia running along the crest of the fold, which has given rise to the 
alternative description of 'watermelon stomach' (JABBARI et al. 1984). The 

Fig. 11. GAVE. Antral biopsy showing oedema and smooth muscle fibres in the lamina prop
ria together with fibrin thrombi in capillaries (arrowed) 
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presence of these superficial ectatic vessels predisposes to chronic blood 
loss from the mucosa and patients with this condition invariably have iron
deficiency anaemia. 

The cause of GAVE is unknown. While I have drawn attention to the 
similarities with reflux gastritis, others have attributed the changes to 
mucosal prolapse (JABBARI et al. 1984) and drawn analogies with prolapse 
in the rectum (GARDINER et al. 1985). Yet another group (SuITet al. 1987) 
state that "prolapse was not a prominent feature in our series" and suggest 
that vigorous antral contraction might be the cause. The similarity between 
the changes seen in reflux, GAVE and mucosal prolapse elsewhere in the 
gastrointestinal tract might simply reflect the limited repertoire of response 
to chemical and mechanical injury. Certainly, gastroduodenal prolapse is 
poorly documented in cases of GAVE. More recently, RODE et al. (1988) 
have incriminated excessive production of 5-hydroxytryptamine and vaso
acitve intestinal polypeptide in the pathogenesis of GAVE, arguing that 
these two hormones are potent mediators of vasodilatation. Obviously, 
further investigations are required to clarify the pathogenesis of this in
triguing condition. 

Fig. 12. GAVE. Ectatic capil
laries in the superficial lamina 
propria containing fibrin/ 

.. ... platelet thrombi undergoing 
early organisation 
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6 Pathogenetic and Diagnostic Classification of Gastritis 

In a previous review (WYATT and DIXON 1988) we put forward a pathoge
netic classification of chronic gastritis based on our recently acquired know
ledge of C. pylori and gastritis related to enterogastric reflux. As stated 
above, I feel that the reflux type should be expanded to take account 
of identical appearances produced by other forms of chemical injury to 
the gastric mucosa, and advocate as an omnibus term 'type C gastritis' 
(Table 3). 

The identification of type A gastritis is very much a clinicopathological 
diagnosis but it is suggested when the severity of body gastritis exceeds 
that found in the antrum. Its severity is best assessed in terms of the de
gree of glandular atrophy. 

Type B gastritis is divided into superficial and atrophic forms on the 
basis of the absence or presence of glandular loss. The degree of atrophy 
can be used to designate mild, moderate and severe categories. It is also 
of interest to identify active and inactive cases according to the presence of 
polymorph infiltration. 

The severity of type C gastritis is reflected in the degree of epithelial 
degeneration but this feature is best appreciated by an assessment of the 
degree of compensatory foveolar hyperplasia. The latter feature should be 
used to allocated biopsies into mild, moderate and severe categories. 

Table 3. Major forms of chronic gastritis 

Diagnosis 

Type A 

Typc B 

Pathogenesis Aetiology 

Auto-immunity ? 

Bacterial infection C. pylori 

(Lymphocytic gastritis - ? atypical response to C. pylori) 

Type C Chemical injury Enterogastric reflux 
NSAIDs 
Alcohol 

7 Duodenitis 

While inflammation in the duodenum resulting from specific infective 
causes and its involvement by coeliac disease and Crohn's disease are well 
recognised, the vast majority of duodenitis is 'non-specific'. The entity of 
non-specific chronic duodenitis is a controversial one; its histological de
finition has been ambiguous, and its clinical status and relationship to 
duodenal ulcer is disputed. 
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7.1 Duodenitis and Duodenal Ulcer 

The most substantive recent work which explores the natural history of 
duodenitis is a study by SIRCUS (1985), who followed the progress and 
response to therapy of 219 subjects who had various combinations of non
erosive and erosive duodenitits and duodenal ulceration. His study re
vealed that the great majority of patients (82%) develop one or more 
duodenal ulcers sooner or later and concluded that most subjects display a 
spectrum of appearances at endoscopy reflecting stages of activity and 
severity of the inflammatory process. He found that erosive duodenitis 
with or without an ulcer was associated with significantly higher maximal 
acid secretion than was the non-erosive disease, and interestingly, found 
a highly significant difference between the good response to cimetidine 
of the ulcer craters and the poor response of erosive duodenitis both when 
this was alone or when accompanying an ulcer crater. Nevertheless, SIRCUS 

concluded that "both non-erosive and erosive duodenitis are components 
of the response of the mucosa of the duodenal bulb to the peptic process". 
However, others take a contrary view. GUSLANDI (1985) claims that many 
patients with chronic duodenitis, even when this is erosive, do not have 
hyperchlorhydria, and he underlines the discrepant response to H2 blockers 
in arguing that there is an 'autonomous' erosive duodenitis in which gastric 
acidity plays only a minor pathogenetic role. Thus, he proposes that there 
are two subtypes of erosive duodenitis, one accompanying or following 
duodenal ulceration, and the other, autonomous erosive duodenitis, "a dis
tinct disorder differing from peptic ulcer in regard to pathogenesis and 
therapy." 

The fact that acid is by no means the sole factor in duodenal ulceration 
has been emphasised by COLIN-JONES (1986). He drew attention to the 
efficacy of anti-ulcer treatments, such as colloidal bismuth and sucralfate, 
that do not inhibit gastric acid secretion. Furthermore, ulcers which are 
resistant to cimetidine can be healed with colloidal bismuth (LAM et a1. 
1984), and patients with DU treated with bismuth exhibit a lower relapse 
rate than those treated with H2 blockers (MARTIN et a1. 1981; LEE et a1. 
1984). 

It would appear from all this evidence that there are likely to be two 
major factors operating in duodenitis and duodenal ulcer which produce a 
spectrum of changes by virtue of their interplay. The first factor is a 
mucosal lesion, chronic duodenitis, which is not itself caused by hyperacid
ity, and the second is acid attack. Thus if the duodenitis is severe this could 
lead to erosions independent of acid, whereas if there is only mild 
duodenitis but high acid levels reaching the duodenum then erosion and 
crater formation can ensue; a combination of moderate duodenitis and a 
modest elevation in acid could also result in ulceration. A dual mechanism 
would appear to explain the clinical and endoscopic findings and the vari
able response to treatment with antacids, but poses the question as to the 
cause of the underlying duodenitis. 
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7.2 Histopathological Aspects 

Early descriptions of duodenitis based on biopsies obtained by capsule first 
appeared in the 1950s (SHINER 1956; DONIACH and SHINER 1957) but its 
clinical significance was not adequately explored until the study of BECK 

et al. (1965). These authors clearly demonstrated a correlation between 
chronic duodenitis and symptomatology, but their histological categories 
were based predominantly on mononuclear cell density and paid scant at
tention to villous changes and polymorph infiltration. The latter feature, 
indicating 'active' duodenitis, was sought in the first endoscopically based 
study (COTTON et al. 1973), which found such activity in 44% of abnormal 
duodenal bulbs and in none of the control group, but it was WHITEHEAD 

and his colleagues (1975) who attempted to define grades of duodenitis 
using inflammatory cell infiltration together with villous and surface 
epithelial changes. They distinguished mild, moderate and severe 
categories, but advocated separate consideration of polymorph infiltration 

Fig. 13. Active chronic 
duodenitis showing dense 
chronic inflammatory cell in
filtration of the lamina prop
ria with focal erosion 
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as this could be found (albeit with diminishing intensity) in moderate and 
mild grades. However, a shortcoming of this study was the absence of any 
correlation between clinical features and histological grade. More recently 
using a quantitative approach, TOUKAN et al. (1985) have shown that the 
mean counts of neutrophil polymorphs and mononuclear cells are signifi
cantly higher in dyspeptic patients than controls. 

The most important recent advance in the histopathological interpreta
tion of duodenitis has been provided by JENKINS et al. (1985), who per
formed a detailed quantitative study in which the morphometric results 
were subjected to cluster and discriminant analysis which allowed alloca
tion of the biopsies to one of three categories. Their normal category in
cluded many cases which would be classified as mild duodenitis according 
to Whitehead's criteria, and the authors suggest that this represents the 
extreme of the normal range. The second category, mild duodenitis, 
exhibits increased numbers of plasma cells and oedema, and usually, but 
not always, some polymorph response and increased gastric metaplasia. 
The third category, severe duodenitis, shows a large number of intra
epithelial and lamina propria polymorphs but decreased plasma cells, to
gether with severe villous atrophy (Fig. 13, 14). All except one patient in 
the latter group had either an ulcer or severe erosions at endoscopy, 
suggesting that this pattern of mucosal reaction represents a stage before 
ulceration. By analysing the interrelations between the histomorphometric 
features in a correlation matrix, JENKINS et al. suggest a dual pattern of 
response in duodenitis, one being an immune response reflected in 

Fig. 14. Active chronic duodenitis. High power view of the same biopsy showing erosion and 
polymorph infiltration in an area of gastric metaplasia 
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changes in plasma cell population, and the other being an acute inflammat
ory response closely related to the indicators of epithelial damage, namely 
gastric metaplasia and villous atrophy. 

7.3 Gastric Metaplasia and C. pylori 

Campylobaeter pylori do not colonise normal duodenal mucosa. It was 
MARSHALL et al. (1985 b) who first suggested that C. pylori was responsi
ble for duodenitis by colonising 'antral type' mucosa in the duodenal cap. 
However, these authors considered the presence of gastric epithelium as a 
'primary', presumably congenital, phenomenon rather than accepting its 
metaplastic development. While heterotopic gastric mucosa can be found 
in the duodenum (HOEDEMAEKER 1970), this term is better reserved for 
mucosa complete with gastric-type specialised glands and as such repre
sents an uncommon finding. We regard the presence of surface gastric 
epithelium alone as a metaplastic process, and recent ultrastructural work 
has demonstrated transition from undifferentiated stem cells through to 
mature gastric-type cells in the vicinity of duodenal ulcers (GREGORY and 
SPITAELS 1987). 

Gastric metaplasia occurring in the vicinity of peptic ulcers has been 
long recognised (BLOMQUIST 1956) and subsequent authors have suggested 
that the change is a defence response to high acid levels in the duodenum 
(JAMES 1964; PATRICK et al. 1974). However, its appearance is not neces
sarily a consequence of hyperacidity as it is frequently encountered in the 
small intestine in Crohn's disease; it must therefore represent a non
specific response to continued injury and healing. Nevertheless, it seems 
reasonable to conclude that the most likely cause of such injury in the pro
ximal duodenum is acid attack. We examined the relationship between fast
ing gastric juice pH and gastric metaplasia in 55 patients with non-ulcer 
dyspepsia (WYATT et al. 1987) and found metaplasia in 20/42 patients with 
a pH < 2.5 but none in 13 patients with a fasting pH greater than 2.5. 
Gastric metaplasia involving more than 5% of the surface epithelium was 
associated with a pH less than 2.0 in 10/11 cases. 

Although gastric metaplasia can be found in otherwise normal 
duodenal mucosa (KREUNING et al. 1978), its relationship to duodenitis 
and in particular to active duodenitis is well established. SHOUSHA et al. 
(1983) noted the predilection of polymorphs for areas of gastric metaplasia 
but were at a loss to explain the phenomenon. It now seems likely that the 
polymorph response is directed towards C. pylori on the metaplastic 
epithelium. Even before MARSHALLs revelations, STEER (1975) had de
scribed the migration of polymorphs through gastric epithelium at the sites 
of bacterial attachment, and his later work established the presence of 
similar organisms and the associated polymorph response in gastric meta
plasia (STEER 1984, 1985). More recently, JOHNSTON et al. (1986 a) re
ported that C. pylori were frequently found on metaplastic epithelium 
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which was infiltrated by polymorphs. We have recently investigated the re
lationship between duodenitis, gastric metaplasia and C. pylori-associated 
antral gastritis in paired duodenal and gastric biopsies from 290 patients. 
There was concurrence of C. pylori-positive gastritis and > 5% gastric 
metaplasia in 30/34 (88%) patients with active duodenitis, 3/21 (14%) with 
chronic duodenitis, and only 11235 (0.43%) with normal or minor changes 
(WYATT et al. 1987). Our findings are therefore consistent with the 
hypothesis that gastric metaplasia in the presence of C. pylori-associated 
antral gastritis permits colonisation of the duodenum and these organisms 
elicit an acute inflammatory response. 

7.4 Conclusions 

We have proposed a sequence of events which point to a role for C. pylori 
in duodenal ulceration (WYATT et al. 1988). The initial event is acid-in
duced gastric metaplasia in the duodenum. We have established in previous 
studies that there is almost invariably a C. pylori-positive antral gastritis in 
DU patients. The coexistence of C. pylori gastritis and gastric metaplasia 
permits colonisation of the duodenum. The organisms give rise to an active 
chronic duodenitis which is exactly analogous to type B gastritis in eliciting 
an immune response involving an increase in all plasma cell types. The cor
relation between the number of IgG plasma cells and the 'acute' features 
of intraepithelial polymorphs and mucosal oedema observed by JENKINS 
et al. can be explained by complement activation following coating of bac
teria by IgG. The fact that this acute response was also related to epithelial 
degenerative features, gastric metaplasia and villous atrophy may also 
reflect aspects of the subsequent acid attack on the now susceptible mucosa. 

Thus C. pylori infection is arguably the cause of the background (au
tonomous?) duodenitis. This infection is paradoxically facilitated by a de
fence response to hyperacidity, gastric metaplasia, but once established the 
infection weakens the mucosal defence to acid attack and leads to ulcera
tion. That C. pylori infection is present in the ulcerated duodenum has 
been confirmed by MALFERTHEINER et al. (1987) and DASKALOPOULOS 
et al. (1987), the latter finding the organisms in biopsies from the ulcer 
rim in 24 of 28 patients. Gastric metaplasia was identified at the ulcer edge 
in 27 of these patients. Involvement of C. pylori in duodenal ulceration is 
also supported by the response to therapy. Colloidal bismuth is bactericidal 
for C. pylori and this could explain its efficacy in duodenitis (JOHNSTON 
et al. 1986 b) and in the healing of antacid-resistent ulcers, but the drug 
also stimulates alkaline secretion through a prostaglandin-dependent mech
anism (KONTUREK et al. 1987) so this alternative explanation cannot be 
discounted. Even more persuasive is the finding that significantly more 
patients who remained C. pylori positive after healing of a DU relapsed in 
the first year after treatment than patients in whom the organism was 
eradicated (COGHLAN et al. 1987). 
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Despite all these arguments and the plausibility of this line of reason
ing, there are those who faced with the same evidence conclude that "this 
bacterium is irrelevant to ulcer disease" (WORMSLEY 1987). My thoughts 
on this dilemma are summed up by the expression "Se non e vera, e malta 
ben trovata" - if it is not true, it is a happy invention (ANON). 
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Barrett's oesophagus or columnar epithelial lined lower oesophagus 

(CELLO) is usually considered to be an acquired disorder complicating 

prolonged reflux oesophagitis. In 1953, ALLISON and JOHNSTONE de

scribed hiatal hernia with oesophageal stricture, below which the 

oesophagus was lined with gastric epithelium. In 1957, BARRET described 

the columnar-lined oesophagus and its complications such as ulcer, stric-
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ture and carcinoma. At the same time, LORTAT-JACOB et al. (1957) de
scribed this entity under the term "endobrachyoesophage". CELLO con
sists of several types of columnar epithelium, one of which is the very 
distinctive "specialised columnar type". The latter resembles intestinal 
metaplasia (1M) of the stomach. Barrett's oesophagus is a condition of con
siderable interest because several authors have reported a high incidence 
of adenocarcinoma arising in CELLO. 

2 Definition 

Barrett's oesophagus is defined as a columnar epithelium lining a variable 
length of the lower oesophagus. The major diagnostic difficulty is to deter
mine precisely the anatomical border between the stomach and the 
oesophagus. Although theoretically this is the cardia, marked anatomically 
by the lower oesophageal sphincter and endoscopically by the Z line, in 
reality the squamocolumnar junction does not always coincide with the 
lower oesophageal sphincter. Moreover, the junction of the two epithelial 

Fig. 1. Photograph of a specimen of 
Barrett's oesophagus: CELLO is ex
tended over 4 cm with peptic ulcer 
and stricture at the squamous and 
columnar epithelium junction (arrow) 



Barrett's Oesophagus 45 

typ<?s is often irregular, showing little "tongues" of columnar epithelium 
spreading 1-2 cm up the oesophagus. HERLIHYet al. (1984) use the term 
CELLO or Barrett's oesophagus when the columnar epithelium extends 
to at least 3 cm. According to these authors, there are two types of 
CELLO of equal frequency: the circumferential type, involving a continu
ous circumferential area (Fig. 1), and the island type where the columnar 
epithelium is seen as one or more islands of red mucosa which are located 
just above the gastro-oesophageal junction. This latter type is often as
sociated with "tongues" of gastric epithelium arising from the Z line. 
CELLO is easily identified endoscopically by its prominent red colour, 
which contrasts with the adjacent light-pink colour of the squamous 
epithelium. 

3 Pathogenesis 

Controversy has existed about the pathogenesis of CELLO. ALLISON and 
JOHNSTONE (1953) suggested that gastro-oesophageal reflux may be re
sponsible for this abnormality. On the other hand, BARRETT (1957) post
ulated a congenital origin: the developing oesophagus in the embryo is 
lined by columnar epithelium (BOZYMSKI et al. 1982; SJ0GREN and 
JOHNSON 1983) which is completely replaced at birth by squamous 
epithelium. Moreover, BARRETT (1957) postulated that this replacement 
may be altered, resulting in the persistence of columnar epithelium in the 
lower oesophagus. 

There is now strong evidence supporting the acquired origin of CELLO 
by the replacement in peptic oesophagitis of the ulcerated squamous 
epithelium by a metaplastic columnar epithelium. NAEF et al. (1975) and 
WINTERS et al. (1987) found a high prevalence of CELLO in gastro
oesophageal reflux disease (11 % and 12.4% respectively). HAMILTON and 
YARDLEY (1977) studied the lower oesophagus of 17 patients who had 
undergone oesophagogastrostomy: CELLO was demonstrated in the re
gion of the anastomosis in ten of these patients. It is still unknown why 
columnar epithelium develops only in a small number of patients with re
flux oesophagitis. Another unresolved question is the cellular origin of 
CELLO; proposed candidates include oesophageal gastric glands, gastric 
mucosa, congenital rests of columnar cells or an undefined primordial 
stem cell (SJ0GREN and JOHNSON 1983). 
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4 Microscopic Features 

4.1 Histological Features 

PAULL et al. (1976) were the first to describe, in patients with CELLO, 
one or a combination of three types of columnar epithelium: a distinctive 
"specialised epithelium", a junctional type and a gastric fundic type. Many 
authors (SJ0GREN and JOHNSON 1983; SPECHLER et al. 1984; ZWAS et al. 
1986) have confirmed these histological patterns: 

The specialised type epithelium appears to be a particular variant of 
incomplete 1M (Fig. 2). The surface is almost villous and lined by 
columnar and goblet cells. The columnar cells usually resemble gastric 
mucus-secreting pit cells rather than intestinal absorptive cells, in
terspersed with sparse goblet cells. Deep in the mucosa there are some 
clear mucus-secreting glands with EC cells and rare gastrin and 
somatostatin-containing endocrine cells (BUCHAN et al. 1985). 
The junctional type epithelium resembles normal cardiac epithelium, 
with the surface and pits lined by typical mucus-secreting cells. 
The gastric fundic type epithelium resembles the epithelium found in 
the gastric body, and is characterised by mucus cells on the surface with 
chief and parietal cells in the deep part. If compared with normal fun
dic mucosa, the fundic type of CELLO appears slightly atrophic. 

When two or more types of mucosa coexist, they generally have a 
specific relationship with the specialised type adjacent to the squamous 
area, the junctional type below this and the fundic type in the most distal 
zone. In our experience of 34 CELLO, we found 23 with specialised type, 
25 with junctional type and 9 with gastric fundic type. Ten CELLO were 
lined with only one type of epithelium (six junctional and four 
specialised); in three cases all three epithelial types were present. There is 
no evidence of regression of CELLO with medical or surgical treatment 
(POPE 1985). 

4.2 Ultrastructural Studies 

Ultrastructural studies (BERENSON et al. 1974; TRIER 1985) show that the 
specialised epithelium has a uniform aspect: although the cells resemble 
gastric foveolar cells, their microvilli are longer and more numerous and 
they contain fewer mucus secretory vesicles than normal gastric foveolar 
cells. On the other hand, the goblet cells of the specialised type closely 
resemble the goblet cells of normal intestinal epithelium. Study of the 
mucosal surface by scanning electron microscopy reveals a morphological 
heterogeneity which is not seen by light microscopy (ZWAS et al. 1986). 
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Fig. 2. Specialised columnar epithelium with villous appearance. Some cells resemble gastric 
mucus-secreting pit cells. Intestinal type goblet cells are also present (arrows). HE, x 120 

5 Adenocarcinoma in Patients with CELLO 

5.1 Frequeucy 

In several series, the premalignant character of CELLO, has been establis
hed with a 10%-15% prevalence of adenocarcinoma (range 0%-46.5%). 
In our experience (at Beaujon hospital), we have found a 10% prevalence 
in a biopsy series of 44 cases. 

However, prevalence is defined as the total number of patients with 
adenocarcinoma in a series of CELLO without distinction of the time of 
their occurrence. We believe that the risk of carcinoma in CELLO is better 
estimated by considering the incidence, which expresses the number of 
new cases per year. In the literature three sets of data are available (SPECH

LER et al. 1984; SPRUNG et al. 1984; CAMERON et al. 1985) concerning the 
incidence of oesophageal adenocarcinomas in CELLO. These are sum
marised in Table 1. Although the results appear different from those of 
studies reporting prevalence, the risk of malignancy in CELLO is about 
30-40 times higher than in the general population. 
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Table 1. Incidence of oesophageal adenocarcinoma in patients with CELLO (modified from 
SPECHLER and Gy AL 1986) 

SPECHLER et al. CAMERON et al. SPRUNG et al. 
(1984) (1985) (1984) 

Total no. of patients 115 122 108 

Prevalence of CELLO 
adenocarcinoma (%) 7 15 22 

Number of cancer-free 
patients followed 105 104 41 

Mean (range) length of 
follow-up (years) 3.3 (0.1-20) 8.5 (3-15) 4 (1-11) 

Number of patients in 
whom cancer developed 
during follow-up 2 2 2 

Incidence of oesophageal 
adenocarcinoma 
(cases/person-years) 11175 11441 1/81 

Estimated increased 
risk above that in 
general population 40 times 30 times 

5.2 Definition 

One of the difficulties is how to determine whether or not an adenocarci
noma is complicating CELLO. HAGGITT et al. (1978) define primary 
oesophageal carcinomas as tumours developing 75% or more within the 
oesophagus and reserve adenocarcinoma in CELLO for cases where the 
mucosa proximal to the tumour is columnar. In ten of our own cases, we 
have found the following combinations extending distally: 

Squamous epithelium, carcinoma, CELLO in three cases 
Squamous epithelium, CELLO, carcinoma, CELLO in five cases 
Squamous epithelium, CELLO and carcinoma in two cases 

We believe that the difference between cardiac adenocarcinoma and 
adenocarcinoma in CELLO is the evident presence of columnar 
epithelium between the carcinoma and either the squamous epithelium or 
the cardiac line. 

5.3 General Features 

A review of 121 cases of adenocarcinoma developing in CELLO reported 
in the literature (SJ0GREN and JOHNSON 1983) shows that the average age 
at diagnosis is 57 years and the male to female ratio is approximately 6:1. 
The main clinical symptoms are dysphagia and weight loss. 
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Fig. 3. Photograph of a specimen with 
an adenocarcinoma (arrows) arising in 
an extensive columnar metaplasia of 
the distal oesophagus 

The localisation of the carcinoma is most often the lower third of the 
oesophagus (24 of 26 cases in SMITH et al. 1984). The tumour is frequently 
flat with surface ulceration (Fig . .3) and is polypoid in less than 35% of 
cases. The tumours measure from 0.6 to 9 cm. 

5.4 Histology 

Histologically, adenocarcinoma is the most common type of carcinoma in 
CELLO. All the patterns observed in gastric carcinoma can be seen but 
the most frequent is a well or moderately differentiated glandular pattern 
(Fig. 4) (HAGGITT and DEAN 1985). Other less frequent types are mucin
ous carcinoma, poorly differentiated carcinoma, adenosquamous (SMITH 
et al. 1984; PASCAL and CLEARFIELD 1987), adenocarcinoid or adenocarci
noma associated with squamous carcinoma (SMITH et al. 1984). The 
epithelium around the tumour is often dysplastic. In the series of 26 cases 
of SMITH et al. (1984), the carcinoma had extended through the 
oesophageal wall into the peri-oesophageal soft tissues in 23 cases, to the 
lymph nodes in 17 cases and to the surgical resection margins in 9 cases. 
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Fig. 4. Well differentiated adenocarcinoma: the well defined glands resemble those of an intes
tinal type gastric adenocarcinoma. HE, x 130 

Infiltrating pattern, poor differentiation, positive lymph nodes and resec
tion margin involvement explain the poor prognosis of these tumours: 
SMITH et al. (1984) reported a median survival of 23 ± 5 months for their 
26 patients with adenocarcinoma in CELLO. The series of 32 cases of SAN
FEYet al. (1985) showed a 34% survival rate at 2 years and a 14.8% survi
val rate at 5 years. 

5.5 Dysplasia and Adenocarcinoma in CELLO 

Dysplastic Barrett's mucosa is generally considered as a precursor of ade
nocarcinoma in CELLO. This concept, based on the frequent presence of 
multifocal dysplasia in association with oesophageal adenocarcinoma, has 
been widely studied. Coexisting dysplasia has been diagnosed in 83% 
(HAGGITT et al. 1978) to 100% (THOMPSON et al. 1983) of the resected ad-
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enocarcinomas: these authors conclude that high grade dypslasia (HGD) 
indicates a high risk of developing carcinoma. This dysplastic pattern is 
mainly observed in the specialised type of Barrett's epithelium. It seems 
that the surveillance of dysplasia and carcinoma in patients with Barrett's 
oesophagus has much in common with that in chronic inflammatory bowel 
disease (HAMILTON and SMITH 1987). According to several studies (BEREN
SON et al. 1978; HAMILTON and SMITH 1987; REID et al. 198'8), as well as 
our own experience, HGD proves to be a good marker indicating a high 
probability of coexisting invasive carcinoma. HAMILTON and SMITH (1987) 
suggest that prophylactic oesophagectomy is indicated in a patient with 
persistent HGD in oesophageal biopsy specimens of CELLO. We disagree 
with this recommendation and usually ask for repeat biopsies from the 
abnormal area until we are certain of malignancy. The important paper of 
REID et al. (1988) supports our policy. They describe four patients with 
HGD diagnosed in biopsy specimens who underwent subsequent 
oesophagectomy. All four resected specimens showed only HGD and two 
of the patients died post operatively. These authors found that HGD could 
exist for as long as 42 months without progressing to invasive carcinoma. 

5.6 Superficial Adenocarcinoma in CELLO 

BELLADONNA et al. (1974) found one mucosal carcinoma in CELLO using 
endoscopic cytology. The surveillance of patients with HGD allowed 
HAMILTON and SMITH (1987) to discover two superficial carcinomas 
amongst five patients with HGD. Of 130 patients in another endoscopic 
biopsy surveillance programme, REID et al. (1988) found eight patients 
with HGD (four) or early oesophageal adenocarcinoma, (four) diagnosed 
in biopsy specimens taken from mucosa without grossly recognisable 
tumoral lesions. 

We have studied seven cases of superficial adenocarcinoma in CELLO 
diagnosed during surveillance of HGD. Macroscopically, the carcinomas 
had the same location as other carcinomas in CELLO. The mucosa ap
peared normal in two cases, opaque in one, verrucous in one and in the 
remaining three cases an erosive pattern was the main feature. The tumors 
ranged in size from 0·2 to 3 cm. Histologically, all the carcinomas were of 
glandular pattern; one was confined to the mucosa with partial extension 
into the muscularis mucosa while in the other six cases, the proliferation 
spread to the submucosa. Only one case, the largest identified carcinoma, 
showed a lymph node metastasis. The prognosis of these superficial car
cinomas seems to be better than the infiltrative ones. In our group of 
patients, one patient died during the postsurgical period. The remaining 
six patients are still alive with follow-up periods ranging from 19 months 
to 4 years and 2 months. According to our experience the prevalence of 
superficial carcinoma is high (7 out of 32) in populations undergoing sur
veillance. This agrees with the results of ROSENBERG et al. (1985), who, 
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using a staging system, found three intramucosal carcinomas out of nine 
CELLO carcinomas. However, the number of cases is small and additional 
prospective studies are needed to establish the value of routine surveil
lance in the diagnosis of early CELLO carcinomas. 

5.7 Precancerous Conditions and Aetiological Factors 

Hiatal hernia and reflux oesophagitis are often but not always present in 
patients who develop adenocarcinoma in CELLO. There is no evidence in 
the literature (ROSENBERG et al. 1985) to claim that duration and severity 
of oesophagitis are directly related to the malignant transformation. SKIN
NER et al. (1983) compared benign and malignant cases of CELLO and 
found no difference in the duration of symptoms of oesophagitis. There is 
also no correlation between the severity of oesophagi tis and the stage of 
malignancy (ROSENBERG et al. 1985). In one series of llO patients (WIIT 
et al. 1983; ROSENBERG et al. 1985) who had a successful antireflux surgi
cal procedure, none developed carcinoma, suggesting that oesophagitis 
could be involved not only in the aetiology of CELLO, but also in the 
development of adenocarcinoma in CELLO. However, HAMILTON and 
YARDLEY (1977) and SANFEY et al. (1985) report patients with CELLO 
who developed adenocarcinomas 5-8 years after surgical elimination of 
gastro-oesophageal reflux. Other factors may be involved, in association 
with oesophagitis: cigarette smoking and alcohol ingestion are found with 
higher frequency in patients with adenocarcinoma (ROSENBERG et al. 
1985; KALISH et al. 1984; WANG et al. 1986; SAN FEY et al. 1985) than in 
patients with CELLO alone (SKINNER et al. 1983). 

The occurence of benign adenomatous polyps in CELLO is very unusual 
and available observations are rare. LEE (1986) described three cases of 
tubulovillous adenoma arising in specialised mucosa associated with 
dysplasia. He also found three similar reports in the literature (McDoNALD 
et al. 1977; THOMPSON et al. 1983). We have observed one case associated 
with HGD and invasive carcinoma. It is probable that an adenoma is not a 
frequent precursor of adenocarcinoma in CELLO. 

5.8 Association with Extra-oesophageal Neoplasms 

SPECHLER et al. (1984) found extra-oesophageal cancers in 25 patients out 
of 115 with CELLO (22%). SONTAG et al. (1985) described 29 out of 65 
CELLO patients with benign (19) or malignant (10) colonic tumours. The 
frequency of colonic tumours was especially high (38%) in patients with 
CELLO aged 64 years or older. SYMONDS and RAMSEY (1980) described 
one case of pancreatic gastrinoma (Zollinger Ellison), associated with 
CELLO adenocarcinoma. This peculiar association warrants further inves
tigation. 
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5.9 CELLO and Cardiac Adenocarcinomas 

KALISH et al. (1984) and WANG et al. (1986) found that both CELLO and 
cardiac adenocarcinomas of the stomach have almost identical patterns of 
growth and differentiation. Reflux oesophagitis is noticed with equal fre
quency in both. PEUCHMAUR et al. (1984) found the same histochemical 
characteristics, with predominance of sulphomucins, in both CELLO and 
cardiac carcinomas. Furthermore, these carcinomas share certain common 
epidemiological features. WANG et al. (1986) suggest that proximal adeno
carcinomas (of the distal oesophagus, gastro-oesophageal junction and 
cardia) may form a group with similar epidemiological and pathological 
features, such as increasing frequency, lower mean age, possible increased 
risk with smoking and alcohol use and greater frequency of concomitant 
hiatal hernia. These common features suggest that this group may be 
aetiologically distinct from the group of more distal gastric carcinomas 
(gastric body and antrum). 

6 Precancerous Lesions and Precancerous Markers 

Attempts have been made to identify structural and functional changes 
preceding the development of adenocarcinoma in CELLO, most of them 
investigating epithelial differentiation. Among the aspects studied are dif
ferent types of dysplasia, patterns of epithelial mucins identified by his
tochemistry or immunohistochemisty, the detection of tumour markers, 
embryonal antigens or differentiation antigens, the measurement of the 
cell kinetics in the columnar epithelium with 3H-thymidine, and flow 
cytometry. 

6.1 Dysplasia 

6.1.1 Definition and Classifications 

According to RIDDELL (1985), dysplasia is defined as an unequivocal neo
plastic alteration in CELLO. SCHMIDTet al. (1985) propose a classification 
of dysplasia in CELLO similar to that of dysplasia in inflammatory bowel 
disease. This classification consists of three groups: negative, indefinite and 
positive for dysplasia. The indefinite group is subdivided into probably 
negative, unknown and probably positive subgroups. The positive group 
comprises low grade dysplasia (LGD) and high grade dysplasia (HGD). 

CELLO is considered as negative for dysplasia when it corresponds to 
a normal mucosa. Mucosal changes due to inflammatory or regenerative 
processes are also considered as negative for dypslasia. Indefinite for 
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Fig. 5. Low grade dysplasia: enlarged nuclei with crowding and stratification. Compared with 
Fig. 2, there is a loss of mucin in the cytoplasm of thc cells. HE, x 120 

dysplasia is the term used to describe the mucosal changes in which it is 
not possible to decide whether the change is due to inflammation, regener
ation or neoplasia. An epithelium which is unequivocally neoplastic is con
sidered as dysplastic. 

HAMILTON et al. (1987) classified dysplasia in CELLO into three 
grades: low, intermediate and high, similar to an international classifica
tion of gastric dysplasia, although they conceded that the intermediate 
grade could be included in the HOD category. For most authors, HOD 
includes also carcinoma in situ or grade O. SCHMIDT et al. (1985) used two 
major types of dysplasia, LOD and HOD. In LOD, the nuclei are marked
ly enlarged, elongated and hyperchromatic with crowding and stratifica
tion. However, they are confined to the basal part of the cells. A loss of 
mucin in the cytoplasm is evident (Fig. 5) and there is mucosal thickening. 
In HOD, the changes are more severe and the nuclei extend up into the 
apical parts of the cells with a greater increase in the nuclear-cytoplasmic 
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Fig. 6. Adenomatous dysplasia (type 1) high grade: the nuclei extend up into the apical part 
of the cells. The changes are more severe. The architecture of the glands is disorganised. HE, 
x 120 

ratio (Fig. 6). For each grade of dysplasia, these authors describe two 
types. Type 1 is indistinguishable from adenomas found elsewhere in the 
gastrointestinal tract. Type 2 resembles the incomplete maturation de
scribed in colonic crypts in inflammatory bowel disease. It is characterised 
mainly by a lack of cytoplasmic maturation and large basal hyperchromatic 
nuclei. This latter type may be associated more often with adenocarcinoma 
in CELLO. 

HGD arises from specialised (1M) mucosa in 75%, 93% and 100% of 
cases according to SCHMIDTet al. (1985), HAMILTON and SMITH (1987) and 
LEE (1985) respectively. 
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6.1.2 Frequency of Dysplasia 

Approximately 10% of CELLO patients without adenocarcinoma develop 
LGD: 2 out of 38 (ScHMIDTet a1. 1985),3 out of 20 (HERLIHYet a1. 1984), 
and 5 out of 44 in our series. HGD alone without carcinoma is extremely 
rare, as mentioned above (only one case was found in the preoperative 
biopsy series of HAMILTON and SMITH 1987). When HGD is present, there 
is a very high probability of coexistent invasive carcinoma. 

6.1.3 Surveillance of High Grade Dysplasia 

REID et a1. (1988) recommend for all patients with CELLO an initial en
doscopy with systematic sampling. The biopsy specimens should be ob
tained at least at 2 cm intervals. If HGD is diagnosed they recommend 
early re-endoscopy with multiple biopsies to rule out a coexisting adeno
carcinoma. If no carcinoma is found at this second endoscopy, they suggest 
repeat endoscopy and biopsy twice at 3 month intervals and 6 monthly 
thereafter. They conclude that surveillance of CELLO is necessary and use
ful to detect adenocarcinoma before the invasive stage. 

6.2 Histochemical Studies in CELLO 

lASS (1981) showed that mucin histochemistry is helpful in further classify
ing the specialised columnar epithelium. He found in surgical specimens 
an incompletely differentiated variant of 1M secreting sulphomucins, (type 
III) associated with well differentiated adenocarcinoma in CELLO. This 
had been previously recognised in the stomach by other authors. In a pro
spective study on biopsy material, we studied 38 patients with symptoms 
of reflux oesophagi tis and CELLO. The results showed one case with 1M 
type 1,12 with 1M type II and 22 with 1M type III (57.9%). Our results as 
well as those of other studies (LEE 1984; ROTHERYet a1. 1986; ZWAS et a1. 
1986) show a high incidence of type III 1M in CELLO. In dysplastic mu
cosa, histochemical stains for mucins show a decreased cytoplasmic secre
tion and a predominance of sulphomucins (LEE 1985; SCHMIDT et a1. 1985; 
HAMILTON and SMITH 1987). These findings are consistent with the 
hypothesis that the patients with CELLO represent a very high risk group 
for adenocarcinoma of the lower oesophagus. 
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6.3 Other Lines of Research 

6.3.1 Immunohistochemical Study of Mucins in CELLO 

In an attempt to study the immunohistochemical profile of CELLO, we 
have used two antimucus antibodies: anti-LIMA (large intestine mucus an
tigen) and anti-SIMA (small intestine mucus antigen) generously provided 
by Dr. Ma (MA et al. 1982). In a preliminary (unpublished) study, we 
found that anti-LIMA labels the goblet and the intermediate cells in 1M II 
and III while anti-SIMA labels only the goblet cells. Type II and III 1M 
have a similar antigenic profile. The immunohistochemical profile of mu
cins in CELLO resembles the mucin profile in adenocarcinoma arising in 
CELLO. 

6.3.2 Ornithine Decarboxylase 

GAREWALL et al. (1988), found markedly elevated ornithine decarboxylase 
levels in biopsy specimens from 15 (71 %) of 21 patients with CELLO, 
compared with control tissues. 

6.3.3 Fluorescent Lectins 

SCHIMAMOTO et al. (1985), using fluorescent lectins, have observed a mod
ification of glycoconjugate expression in CELLO: minor changes were 
seen in the specialised epithelium, but much more pronounced alterations 
were observed in high grade dysplastic epithelium and in carcinoma arising 
on CELLO. 

6.3.4 Measurement of Cell Proliferation in CELLO 

Only two studies of cell proliferation in CELLO have been published with 
a method using 3H-thymidine. In the first, HERBST et al. (1978) studied 11 
patients, two of them with adenocarcinoma: they did not find important 
differences between the patients with or without adenocarcinoma. In the 
second study, PELLISH et al. (1980) found that the number of cells in the 
proliferative zone was significantly greater in both specialised and junc
tional type biospies compared with control fundic specimens. 

6.3.5 Flow Cytometry in CELLO 

Flow cytometry has been used to assess DNA content in CELLO. REID 
et al. (1987) studied biopsy specimens from 49 patients. Of 34 patients 
with specialised metaplastic epithelium, "negative for dysplasia", one had 
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a single aneuploid peak of DNA. Of four with mucosa "indefinite for 
dysplasia", one had an increased G2/tetraploid fraction. The remaining 11 
patients with dysplasia or adenocarcinoma produced aneuploid peaks. 
These authors interpreted the results as showing that patients with 
CELLO develop genomic instability within their specialised epithelium, 
and that flow cytometry could contribute to the precise histological diag
nosis of dysplasia or an equivalent of dysplasia. Patients with an aneuploid 
peak may benefit from more frequent endoscopic surveillance for early 
detection of adenocarcinomatous change. 
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1 Introduction 

The correct diagnosis of dysplasia provides an opportunity for the identifi
cation and treatment of cancer in an early phase. It also provides the po
tential to recognise subjects who have a particularly high risk of cancer. 
Proper identification and management of dysplastic lesions have led to suc
cess in population-wide prevention of some common cancers, especially 
cancer of cervix and, to a lesser extent, cancer of colon and rectum. Less 
success has been achieved in the diagnosis and treatment of gastric 
dysplasia. 

The histogenesis of gastric cancer is complex and it does not follow 
well recognised morphological stages as do the major proportion of colonic 
carcinomas or squamous carcinomas of cervix. The spectrum of the benign 
lesions in gastric mucosa is wide and manifold. Although some of the 
lesions, such as intestinal metaplasia and atrophic gastritis are probably 
related to the pathogenesis of gastric cancer, they are too common to ad
vocate meaningful follow-up or treatment. On the other hand, severe, 
morphologically clear-cut, dysplastic lesions in the stomach, without a 
coexisting malignant tumour, are quite rare in everyday practice compared 
with the frequency of diagnoses of overt gastric cancer. This may suggest 
that clearly recognisable precancerous dysplastic lesions, as we understand 
them today, are short-lived, focal and very late phenomena in the mor
phogenesis of gastric carcinomas, or that the dysplastic lesions in the 
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stomach are poorly recognised and understood. It is also possible that 
dysplastic alterations are patchy and only occasionally found by current 
biopsy and endoscopy procedures. 

Although the diagnosis of dysplasia must be based on sound mor
phological criteria and techniques, it is the author's opinion that new ideas 
and methods in interpretation and identification of dysplastic, precancer
ous lesions are warranted. A target of these efforts could be the finding of 
techniques and criteria to identify cases in which the gastric mucosa shows 
an ongoing process of neoplastic transformation and replication, 
phenomena of which morphological tumours or advanced dysplastic le
sions may be only late focal and patchy reflections. The modern immuno
chemical and the future molecular biological techniques may offer such 
opportunities. They may make it possible to identify objectively gene
based aberrations in differentiation and maturation of the epithelium. The 
pathogenesis of gastric cancer is affected by and dependent upon environ
mental, exogenous carcinogens and factors that may alter the genome of 
the cells. These changes must be important in the initiation, promotion 
and/or modulation of growth of the cancer. It would be logical to assume 
that the changes in the genome, and subsequently in the cell phenotype, 
reflect the early, incipient and dysplastic phases of gastric carcinogenesis. 

In the present review, the author concentrates on the most recent re
ports on investigations of cellular alterations in dysplastic epithelium in the 
stomach. In addition, reference is made to the relatively few available 
studies in which the clinical value of gastric dysplasia has been investigated 
in reliable patient series by appropriate follow-up. The reader is advised to 
consult several earlier papers, reviews and books in which many other 
viewpoints on the histology and clinical significance of gastric dysplasia are 
presented and illustrated (NAGAYO 1971; SCHADE 1974; OEHLERT et al. 
1975; GRUNDMANN 1975; KAWAI 1974; HEILMANN 1978; MEISTER et al. 
1979; CUELLO et al. 1979; MING 1979; lASS 1983). 

2 Definitions 

Dysplasia is a premalignant lesion (precancerous lesion) which is charac
terised by abnormal, frequently tumorous growth of dedifferentiated, 
often immature epithelium and glands. The present understanding of 
dysplasia implies that it is a lesion in which transformation to neoplasia 
has occurred or is in progress. It may be considered to be an intraepithelial 
neoplasia with a particularly high tendency to malignant progression, the 
risk of which increases with increasing grade of the dysplasia. 

Dysplastic lesions show a tendency to progress, although some dysplas
tic lesions, at least mild ones, may regress or remain stable for long 
periods. By analogy with the cervical and colorectal neoplasia, it seems 
reasonable to assume that a dysplasia-carcinoma sequence exists in the 
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morphogenesis of gastric carcinoma, although this hypothesis can be and 
has been challenged. It is possible that dysplasia and carcinoma arise coin
cidently from the same cells in the proliferative zone of the neck area of 
glands, without any precursor lesions for either of them (HATIORI 1986). 
This view may be held to be supported by observations in experimental 
models in which benign atrophic, hyperplastic and/or dysplastic lesions 
arise synchronously with malignant tumours. In spite of this, dysplasia can 
be considered a marker of an increased risk for cancer. 

3 Types and Grading 

Wide agreement exists between pathologists in the classification of gastric 
dysplasia into two main morphogenetic types: intestinal and gastric (foveo
lar) (MORSON et al. 1980). This division follows the belief that a propor
tion of gastric carcinomas develop through dedifferentiation in intestinal 
metaplasia, or at least in close association with this change. In fact, intes
tinalised epithelium commonly coexists or precedes the intestinal type of 
cancer. A relationship also seems to exist between non-metaplastic gastric 
mucosa and the diffuse type of cancer, although cases with an opposite 
association may also occur. 

Grading of dysplasia into three categories (mild, moderate or severe) 
is suggested by several authors. The grading is arbitrary and subjective. 
The principle, however, is that the severe grade indicates cases with the 
most advanced non-invasive dysplastic lesions, including those considered 
to be borderline lesions and those thought to be lesions of carcinoma in 
situ. The mild grade might be characterised in practice by cases in which 
the pathologist is convinced of the dysplastic nature of the lesion but in 
which difficulties nevertheless exist in its differentiation from simple re
generation, hyperplasia or mature metaplasia. 

Histological interpretation and grading of dysplasia of metaplastic type 
may, in general, follow the principles of dysplasia in colonic adenomas or 
of dysplasia in ulcerative colitis. A proportion of gastric dysplasias of 
metaplastic type may indeed exhibit patterns, either elevated or flat, which 
strikingly resemble colonic adenomas. HERMANEK (1979) has estimated 
that a small proportion of intestinal-type gastric carcinomas may develop 
through this adenoma-carcinoma sequence. True adenomatous tumours 
(polyps) of gastric type also exist, but they are rare. 

General guidelines for the interpretation of the dysplasia of gastric type 
are not widely available. This type of dysplasia appears as an abnormality 
of epithelial cells in the surface epithelium or in the regenerative zone 
(OEHLERT 1984). Dysplasia of the gastric type may predispose to gastric 
carcinoma of the diffuse type which may develop by invasion of the neo
plastic mucus-secreting epit~elial cells into the lamina propria. However, 
this phenomenon is also accompanied by changes in the morphological and 
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staining properties of the intracellular mucus granules (see OEHLERT 
1984). 

4 Criteria 

A diagnosis of dysplasia is justified by the presence of changes in architec
ture, cytology and differentiation of the epithelium and glands. Dysplasia 
is hardly to be considered if only one or two of the above-mentioned three 
criteria are present. For example, simple hyperplasia of the surface 
epithelium or hyperplastic polyps, although they show a distinct abnormal
ity of architecture of the foveolae, exhibit normal differentiation and cytol
ogy of the epithelial cells and can hardly be considered dysplastic lesions. 
Striking atypia of nuclei and a high mitotic rate are features of a regenera
tive epithelium, as seen in gastritis, ulcer edges, erosions, and in the sur
face epithelium of the gastric remnant following partial gastrectomy. These 
lesions, however, show a straight and normal, although sometimes a 
corkscrew-like, structure of the foveoli, and are non-neoplastic. 

A sample of illustration representing both the intestinal and the gastric 
types of dysplasia is presented in Figs. 1-3. 

4.1 Architecture 

Irregularity of the crypts, branching, budding and back-to-back formations 
of the glands, villous, adenomatous or cystic growth patterns of the 
epithelium, and a net-like anastomosing epithelium are architectural fea
tures suggestive of dysplasia. Dysplastic epithelium is characterised by 
increased cell proliferation (OEHLERT 1984) and by an abnormal upward 
shift of the proliferative compartment from the neck area of glands (OF
FERHAUS et a1. 1985). This may result in the formation of large irregular 
cystic epithelial remnants in the lower parts of the mucosa, a picture that 
is seen in the early phases of dysplastic growth in particular (FUJITA and 
HATTORI 1977; RUBIO et a1. 1984). 

4.2 Cytology 

Cytological atypia includes features such as hyperchromasia and nuclear 
pleomorphism, abnormal staining and structure of the cell cytoplasm, and 
an increase and variation in the nuclear-cytoplasmic ratio. This cytological 
anaplasia may be particularly marked in dysplasia of the metaplastic type, 
less so in dysplasia of the gastric type, and this corresponds to differences 
in cell morphology between overt intestinal and diffuse types of gastric 
cancer cells (JOHANSEN 1981). According to a computer-aided morphomet-
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Fig. 1 a, b. Severe dysplasia of the 
intestinal type. a A low power 
view that demonstrates a clear-cut 
disarranged architecture of the 
glands (HE, x 150). b A high 
power view showing atypia in the 
epithelial cells, stratification of 
nuclei, and high number and ab
normal distribution of the mitotic 
figures within the glands (HE, 
x 400) 
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a 

c 

b 

Fig. 2a~d. A panel of lesions of dysplasia of the intestinal type. a Mild dysplasia with 
adenoma-like growth patterns (HE, x 250). b A dysplastic lesion interpreted as moderate 
(HE, x 250). c,d Dysplasia of severe degree [AB (pH 2.S)-PAS, x 250, x 350] 
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Fig. 3 a-d. Severe dysplasia of the gastric type. A high power view of a polypoid lesion (a) 
and three details (b-d) of the tumour showing examples of disturbed architecture of the 
foveolae and of abnormal differentiation of the epithelium (b, c). A possible early invasion (d) 
of mucus-secreting cells into the lamina propria from the neck area of the glands. [a: HE, 
x ISO; band d: HE, x 2S0; c: AB (pH 2.S)-PAS, x 2S0] 

ric study by JARVIS and WHITEHEAD (1985), nuclear size was found to be 
the parameter that best differentiated between dysplastic and benign le
sions, 

Quantitative analyses of nuclear DNA by cytophotometry have been 
used with some success in differentiating between benign and malignant 
or dysplastic cells in the stomach (SPRENGER and WITTE 1980; SZENTIR-



68 P. SIPPONEN 

MAY et a1. 1986; KORENAGA et a1. 1986; MACARTNEY and CAMPLEJOHN 
1986). DNA ploidy clearly correlates with chromosomal abnormalities, and 
an aneuploid pattern of cell nuclear DNA content is considered to reflect 
increased cancer risk. Unfortunately. however, only a limited proportion 
(20% -50%) of gastric carcinomas, as with malignant tumours in general, 
show an aneuploid DNA pattern (BARLOGIE 1984). Some overlap in DNA 
aneuploidy exists between neoplastic and obviously benign proliferative 
regeneration (SPRENGER and WITTE 1980), suggesting that analyses on cell 
DNA patterns are only of limited value as criteria in the diagnosis of gas
tric dysplasia. 

4.3 Differentiation 

Depletion and uneven distribution of goblet cells, disappearance of Paneth 
cells, stratification of the epithelial cells and poor development of the 
brush border are morphological alterations that indicate the presence of 
abnormal differentiation in dysplasia of the metaplastic type. Morphologi
cal interpretation of abnormal differentiation is more problematic in non
metaplastic epithelium. The diagnosis in these cases can be helped by 
observations on the synthesis and content of mucin granules in the cells. 
Loss of mucin granules combined with ultrastructural depletion and ab
normality of rough endoplasmic reticulum and disturbance in the polarity 
or morphology of cell organelles occur both in dysplastic gastric surface 
epithelium and in overt cancer (RIEMANN et a1. 1983). 

An abnormal differentiation is regularly accompanied by an expression 
of unexpected, immature, foetal and/or abnormal antigens in dedifferen
tiated cells and their secretions (SAKAI et a1. 1985, 1986; DENK 1979; FEIZI 
1982; COON and WEINSTEIN 1986; KAPADIA et a1. 1981; LIPKIN et a1. 1985; 
FISCHER et a1. 1984; HIGGINS et a1. 1984; WESTERVELD et a1. 1986; 
BLASZCZYK-THURIN et a1. 1987; BORCH et a1. 1987). This is a consequence 
of failure in expression or in the structure of the genes. There is, further
more, a growing list of studies in the literature which show expression and 
amplification of oncogenes and abnormal gene fragments both in overt 
cancers (SEKI et a1. 1985; FUKUSHIGE et a1. 1986; NAKATANI et a1. 1986; 
O'HARA et a1. 1986; FERTI-PASSANTONOPOULOU et a1. 1987) and in benign 
metaplastic and dysplastic gastric tissues (NOGUCHI et a1. 1986; CICLITIRA 
et a1. 1987; OCHUCHI et a1. 1987), suggesting that the expression and 
amplification of abnormal genes or gene fragments are early fundamental 
phenomena in the pathogenesis of gastric cancer. Indeed, expression of the 
ras oncogene product p21 has been shown to be a universal phenomenon 
in gastric cancer tissue in a recent study by CZERNIAK et a1. (1987). 

Studies of the structure of the oligosaccharide moieties in glycocom
pounds of secretory mucus in surface epithelial cells could identify abnor
mal differentiation by using simple histochemical and immunohistochemi
cal methods (see FEIZI 1982). Dedifferentiation of gastric epithelium 
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commonly and typically shows the appearance of immature and unex
pected blood group moieties in secretory mucus glycoproteins which may 
undergo further and inappropriate sialylation or sulphation. The resulting 
phenotype of the dedifferentiated epithelium may finally exhibit a mixture 
of expressions that range from mature elements to abnormal embryonal 
antigens even in the same cell or cell line. It is possible that these altera
tions are the very early signs of the dysplastic process, i.e., alterations in 
which the morphological changes of cells and epithelium may yet be slight 
or even absent. In a recent experiment with four adult dogs, HAKKINEN 
et al. (1984) observed that foetal antigens may appear, without changes in 
microscopic morphology of the cells, in mature gastric surface epithelium 
within 36 months after a single dose (600 mg) of the carcinogen N-methyl
N' -ni tro-N -nitrosoguanidine. 

Simple histochemical and immunohistochemical techniques have been 
used with some practical success in the demonstration of abnormal dif
ferentiation in metaplastic gastric epithelium. These efforts follow the sim
ple observation that intestinal metaplasia (1M) in the stomach is not a 
single entity but may occasionally occur as dedifferentiated forms and 
exhibit characteristics that are typical of foetal gut or normal colon. By 

a 

Fig. 4 a, b. Intestinal metaplasia of the colonic type. a An abnormal metaplastic gland showing 
sulphomucins in goblet cells, and b a metaplastic gland of typical "colonic type" (type III) 
showing an expression of sulphomucins in both goblet and columnar epithelial cells. (a and b: 
x 250; HID) 

b 
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a b c 

Fig. 5 a-c. Expression of inappropriate antigenic determinants in dysplasia of gastric type. 
An expression of the Lewis" antigen (a), CA 19-9 (sialylated Lewisa antigen) (b) and sul
phomucins (c) in dysplastic epithelium of a subject of Lewisb genotype (Lewisb blood group 
who expresses Lewisb antigen in the non-dysplastic gastric epithelium). Same patient and 
lesion as in Fig. 3 

analogy with the common presence of colon-like characteristics in overt 
gastric cancer tissue, the presence of such alterations in a non-cancerous 
stomach may be considered to be an indicator of an increased risk of 
cancer and a sign of disordered differentiation. A proportion of IMs ex
press structures, mucins and antigens that resemble those of normal colon 
or foetal intestinal mucosa when examined by morphological, histochemi
calor immunohistochemical techniques (TEGLBJAERG and NIELSEN 1987; 
NARDELLI et al. 1983; LEI and Yu 1984; KRALOVANSZKY et al. 1984; 
HIGGINS et al. 1984; TURANI et al. 1986). Histological criteria have been 
presented for such metaplasias of the immature or colonic type (incom
plete sulphomucin-secreting 1M; type III; see FILIPE et al. 1985; FILIPE 
and lASS 1986); they are characterised by a mixed growth of metaplastic 
goblet and columnar cells, both of which synthesise and secrete sulphomu
cins and other colon-like or embryonic glycoproteins. These lesions may 
be considered dysplastic (lASS et al. 1984), although their value in predict
ing gastric cancer risk in the short term might be low (ECTORS and DIXON 
1986; RAMESAR et al. 1987). However, 1M of colonic type occurs in 9,8% 
of all biopsies with 1M, and it is more common (35%) in gastric cancer 
cases than in benign conditions (7%) (FILIPE et al. 1985; ROTHERY and 
DAY 1985). Moreover, it is more common than expected in precancerous 
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conditions and in lesions that are considered dysplastic on pure morpholog
ical criteria (SIPPONEN et al. 1980; PAGNINI et al. 1983). An example of 
1M of the colonic type is presented in Fig. 4. 

Although the intestinal and gastric types of gastric dysplasia have mor
phological characteristics of their own, similar patterns of abnormal anti
gen and mucin expressions may occur in both. None of the known tumour 
or embryonic markers or histochemical mucin patterns has been found to 
be limited solely to one of the dysplasia types. Colon-like histochemical 
properties, which are particularly common in dysplasia of the intestinal 
type, may also occur in: dysplasia of the gastric type. Correspondingly, 
cancer cells in diffuse type tumours frequently exhibit sulphated, colon
like mucosubstances. An example of the coexisting presence of several in 
appropriate antigens in the same dysplastic lesion of gastric type is pre
sented in Fig. 5. 

5 Clinical Significance 

The available published studies on the prevalence of dysplasia are few and 
report divergent results. All are based on series of symptomatic subjects, 
and our knowledge of the occurrence of dysplasia in the general popula
tion is scanty. Furthermore, very few of the available investigations are 
prospective and include follow-up data. A short synopsis of studies made 
in the last few years is presented in Table 1. At least some important gener
al conclusions can be drawn: 

1. Severe dysplasia is of high predictive value for gastric cancer, and it 
represents a short-lived, late phase in the process of gastric car
cinogenesis. In fact, a high proportion of severe dysplasia cases either 
have a coexisting carcinoma or develop one within the next few 
months. 

2. Dysplastic lesions seem to progress in severity. There is evidence that 
mild dysplasia may progress to more severe grades, suggesting that gas
tric dysplasia is a stepwise and time-related process. 

3. Dysplastic lesions have a strong anatomical relationship to cancer, 
suggesting that dysplasia can be a precursor lesion of gastric cancer, 
and that at least a proportion of cancers develop by way of a dysplasia
cancer sequence. 

4. Dysplasia does not seem to exist in the normal, non-gastritic stomach 
but arises in patient groups with a diseased gastric mucosa. In the study 
of 31 dysplasia patients without a coexisting cancer (SERCK-HANSSEN 
et al. 1984), an underlying gastritis was present in 16 patients, 
adenomatous polyps in ten patients and a benign ulcer in five patients. 
Correspondingly, the accumulation of dysplastic lesions in patient 
groups with chronic atrophic gastritis, ulcers or post-gastrectomy rem-
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Table 1. Studies on the prevalence of dysplasia 

Author(s) 

ASTE et al. 
1986 

STOCKBRUGGER 
et al. 1983 

NAGAYO 1986 

GRAEM et al. 
1984 

ZHANG 1984 

SERCK-HANSSEN 
et al. 1984 

CAMILLERI et al. 
1984 

OFFERIIAUS 
et al. 1984 

Design of the study 

Endoscopic biopsy 
study of 694 
patients with ulcer, 
polyp. fold or tumour 

Endoscopic cross
section study of 80 
patients with pernicious 
anacmia 

Prospective study of 
over 16000 resection 
specimens 

Prospective endo-
scopic follow-up of 
patients with post-gastrcc
tomy remnant 

Prospective biopsy 
serics of endoscoped 
and.biopsied out-
patients and patients 
with gastric cancer 

Prospective endoscopic 
biopsy material of 
3921 specimens 

Prospective endoscopic 
biopsy material from 
12394 patients. 
Follow-up data 
for some paticnts 

Endoscopic biopsy 
screening of 504 
patients with post-gastrec
tomy remnant 

P. SIPPONEN 

Main results 

29 (4%) had moderate or severe 
dysplasia, of whom 8 (28%) had 
a coexisting gastric cancer. No 
further cancers were found in the 
short-term follow-up 

Mild. moderate or severe 
dysplasia in 24. 6 and 3 
patients, respectively. 
Carcinoma in one patient 

55 patients had severe dysplasia 
without coexisting ulcer or gastric 
cancer. Severe dysplasia outside 
the tumour area in 109 out of 
5642 patients with carcinoma 

30% prevalence of dysplasia 
22 - 30 years after the resection 

Severe dysplasia in 42 out of 
3272 endoscoped out-patients. 
Severe dysplasia in 41 out of 
572 patients with gastric cancer 

Dysplasia (all grades) in 1.8% of 
the specimens. Severe dysplasia 
in 40 patients. of whom 22 had a co
existing gastric cancer or developed 
cancer within the next 3-60 months 

Moderate dysplasia in 430 
patients, severe dysplasia in 34 
patients. Among patients with 
severe dysplasia, gastric cancer was 
found within 2 years of the diagnosis 
in 6 patients. Dysplasia regressed in 
some patients 

Dysplasia in 70 (14%) patients. 
Severe dysplasia in 5 patients. 
Three patients with severe 
dysplasia developed gastric cancer 
within the next 4 years. No 
progression in 22 mild or 
moderate dysplasias followed-up 

nant is emphasised by the studies of ZHANG (1984) and CAMILLERI 

et al. (1984). Indeed, these observations suggest that precancerous con
ditions, such as atrophic gastritis or the post-gastrectomy remnant, are 
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precursor states of gastric dysplasia. A practical consequence is that 
dysplastic lesions should be sought particularly in patients who have 
such gastric diseases or precancerous conditions. Correspondingly, 
dysplasia is highly improbable and rare in subjects with an endoscopi
cally and histologically normal stomach. 

The above conclusions suggest that the recognition of severe dysplasia 
demands consideration of surgical intervention or at least a careful endos
copic follow-up at intervals of a few months. Data on the prognostic value 
of mild or moderate dysplasia are, however, more controversial or uncer
tain (ANDERSSON et al. 1987). These lesions may regress and, in addition, 
their progression to higher grades and overt cancer is apparently very slow 
and may take several years or decades (FUJITA 1978; MORTENSEN et al. 
1984). However, the cumulative risk of gastric cancer in such patients may 
also be increased, particularly if the subject is young and has a long life 
expectancy. 

6 Summary 

The morphological diagnosis of gastric dysplasia is based on the presence 
of changes in the architecture, cytology and differentiation of the 
epithelium and mucosal glands. Two morphological types exist: gastric 
(foveolar) and metaplastic. Definite morphological criteria for gastric 
dysplasias can be presented. The present morphological grading of 
dysplasia into mild, moderate or severe is, however, arbitrary and subjec
tive. The available investigations show that dysplasia and overt carcinoma 
have several biological and epidemiological links that indicate that a 
dysplasia-cancer sequence operates in the pathogenesis of at least a propor
tion of gastric carcinomas. The data available in the literature strongly indi
cate that severe dysplasia is highly predictive for coexisting or shortly 
appearing carcinoma. The literature on the clinical significance of dysplasia 
of mild or moderate grade, however, is as yet scanty and inconsistent. 
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1 Introduction 

Neoplasms of the small intestine are uncommon, representing approxi
mately 1.5% of all gastrointestinal tumours (HANCOCK 1970). Most reports 
(WILSON et al. 1974; PERZIN and BRIDGE 1981) list adenocarcinoma as the 
commonest tumour. In one study (WILSON et al. 1974) 46% of the malig
nant small intestinal tumours were adenocarcinomas, 33% carcinoid 
tumours and 20% sarcomas. Although some authors (HANCOCK 1970) 
regard leiomyoma as the most frequent benign tumour, others (PERZIN 
and BRIDGE 1981) have found adenomas to be more common. In the latter 
report, 51 of the 196 benign small intestinal tumours were adenomas. 
There were 43 leiomyomas, 35 lipomas, 22 Brunner's gland adenoma, 21 
lymphangiomas, 14 vascular tumours and 10 fibromas. 

Adenomas are more frequent in the duodenum, especially at the 
papilla, and decrease in frequency in the jejunum and ileum. GOLDEN 
published the first case of villous adenoma of the duodenum (GOLDEN 
1928), although PERRY in 1893 is credited with previously describing a 
broad-based cauliflower-like tumour in the duodenum as a papilloma 
(SCHULTEN et al. 1976). Approximately 85 well documented cases have 
been reported (COOPERMAN et al. 1978; EVERETT et al. 1981; HAUBRICH 
et al. 1973; KOMOROWSKI and COHEN 1981; PERZIN and BRIDGE 1981; 
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REDDY et al. 1981; RYAN et al. 1986; SCHULTEN et al. 1976; SPIRA and 
WOLFF 1977; UPPAPUTHANGKULE et al. 1976; WEISS and SEMERDJIAN 
1986). Although most of the published reports refer to villous adenomas, 
tubular or non-villous lesions also occur and probably are more frequent. 
In one review (PERZIN and BRIDGE 1981) of 51 adenomas of the small 
intestine, 31 were reported as adenomas (adenomatous polyps or tubular 
adenomas) and 20 as papillary (villous) adenomas. 

Peri-ampullary neoplasms include lesions arising in the ampulla of 
Vater, terminal panceratic duct and distal common bile duct and tumours 
arising from the duodenal mucosa adjacent to the ampulla. Separation of 
duodenal from peri-ampullary tumours is at times very difficult, especially 
in large lesions. The terminology used in the literature in describing lesions 
involving the ampulla is confusing. Terms used to describe benign tumours 
include polyps, adenomatoid hyperplasia, hamartomatous polyps, 
adenomyosis, adenomyoma, papilloma, adenoma and villous adenoma. 
Adenomatoid hyperplasia, hamartomatous polyps, adenomyosis and 
adenomyoma are terms used for specific non-neoplastic lesions. These 
have been reviewed elsewhere (QIZILBASH 1984) and will not be discussed 
here. The term polyp refers to any polypoid lesion which projects into the 
lumen of the duodenum. The lesion may be inflammatory, hyperplastic, 
hamartomatous or neoplastic and its use without further description is 
meaningless. Papilloma probably refers to polypoid adenoma and its use 
should be discouraged. Neoplastic polyps are best referred to as 
adenomas. CALZAVARA, in 1895, is credited with describing the first case 
of ampullary papilloma (SOBOL and COOPERMAN 1978). In 1965, OH and 
JEMERIN, reviewed the literature and collected 48 well documented exam
ples under the term of adenomatous polyps of the papilla of Vater. Some 
of the illustrations and references included in this report represent villous 
adenomas. In 1981, PERZIN and BRIDGE reported 28 examples of 
adenomas involving the ampulla. Fourteen were examples of tubular and 
14 villous adenomas. Thirty additional examples of villous adenoma of the 
ampulla of Vater have recently been reported (HASLETON et al. 1980; 
LEESE et al. 1986); DUPAS et al. 1977; OHMORI et al. 1976; ROSENBERG 
et al. 1986; RYAN et al. 1986; SOBOL and COOPERMAN 1978; STARLING 
and TURNER 1982; TAXIER et al. 1979). 

A recent report (WARSHAwet al. 1987) documents an unusual case of 
villous adenoma of the duct ofWirsung in a 65-year-old man. The common 
bile duct and ampulla of Vater were not involved. The tumour could not 
be visualised at endoscopy and was revealed by a pancreatogram as a small 
rounded defect in the proximal pancreatic duct. At surgery a l.O-cm villous 
adenoma attached to the pancreatic duct by a short stalk was excised via 
the transduodenal approach. 

Duodenal adenomas are common in familial polyposis syndromes, and 
will not be discussed here. The polyposis syndromes are discussed on 
pp 323. 
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2 Classification 

Adenomas of the small intestine have the same gross and histological fea
tures as their counterparts in the colorectum and are categorized into one 
of the following two subtypes: (a) tubular and (b) villous adenomas. Le
sions with a mixture of glands and villous processes are classified according 
to the predominant pattern. 

Since the normal small bowel mucosa has a villous pattern, adenomas 
arising in this site tend to be villous in comparison with adenomas which 
arise in the colorectum, where the predominant pattern is tubular. PERZIN 
and BRIDGE (1981) suggest that this is the result of lateral growth of the 
adenomatous epithelium along pre-existing small bowel villi with replace
ment of normal lining cells by the neoplastic epithelium. 

3 Clinical Features 

The patients range in age from 30 to 90 years, with the peak in the seventh 
decade. The sexes are equally affected. The signs and symptoms depend 
upon the location and type of the lesion. 

3.1 Tubular Adenomas 

In the duodenum, tubular adenomas generally present as asymptomatic 
lesions although larger lesions may be associated with abdominal pain and 
occult bleeding. There are no specific radiological or endoscopic appear
ances although small filling defects with or without a pedicle may give a 
clue to the diagnosis. At endoscopy the lesions appear as sessile or pedun
culated tumours with a smooth or lobulated surface. The tumours are usu
ally solitary, although multiple adenomas have been reported (PERZIN and 
BRIDGE 1981). Tubular adenomas tend to be small, varying from 0.5 to 
3 cm in diameter. Larger tumours may be associated with ulceration and 
obstruction. Carcinoma is liable to develop in larger lesions. 

In the ampulla of Vater and peri-ampullary region, tubular adenomas 
produce symptoms early, despite their small size. Jaundice, biliary colic, 
cholangitis, epigastric pain and bleeding are common. At endoscopy the 
tumour appears as a fleshy soft pink lesion filling the orifice of the papilla 
or projecting into the lumen of the duodenum. Endoscopic retrograde 
cholangiopancreatography (ERCP) and percutaneous transhepatic cholan
giography are valuable in demonstrating the site of obstruction. Ultra
sound and computed tomograms also play an important role in the diag
nosis. 
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3.2 Villous Adenomas 

Unlike tubular adenomas, villous tumours tend to be symptomatic and 
larger at the time of diagnosis. Symptoms include abdominal pain, gas
trointestinal bleeding, intestinal obstruction, intussusception, jaundice and 
pancreatitis. In some patients the symptoms are vague and non-specific. 
Mucorrhoea and electrolyte loss are uncommon in villous adenomas of the 
duodenum. A recent report (WEISS and SEMERDJIAN 1986) documents 
mucoid diarrhoea in an 82-year-old woman with villous adenoma of the 
duodenum. After surgical excision of the tumour the diarrhoea stopped 
but recurred 6.5 years later. Endoscopic and radiographic examinations 
confirmed a large recurrent villous tumour in the duodenum. Following 
polypectomy, the diarrhoea promptly ceased, suggesting a cause and 
effect. 

Barium X-ray studies of villous adenomas usually reveal a characteris
tic "soap bubble" appearance, although a correct preoperative diagnosis is 
made only in one-third of the cases (SCHULTEN et al. 1976). Endoscopy is 
diagnostic in most cases and very valuable in diagnosing smaller lesions 
that escape detection by barium studies. At endoscopy most of the lesions 
present as sessile multilobulated, soft tumours. Villous adenomas are usu
ally solitary, although multiple tumours have been reported (COOPERMAN 
et al. 1978; HASLETON et al. 1980). Villous adenomas are usually larger 
than tubular adenomas and may attain a size of 8 cm or more, the average 
being 5 cm. (SCHULTEN et al. 1976). Carcinomas appear to develop more 
frequently in villous than in tubular adenomas. 

Fig. 1. Endoscopic biopsy of a small tubular adenoma. HE, x 50 (left), x 300 (right) 
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Fig. 2. Endoscopic biopsy of a small villous adenoma. HE, x 50 (left), x 125 (right) 

• 
Fig. 3. Whole mount section of a tubular adenoma of the ampulla of Yater. Tumour is present 
in the distal common bile duct (B), pancreatic duct (P), ampulla of Yater (A) and duodenal 
mucosa (D). HE, x 5 
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Fig. 4a,b. Higher magnifications of the lesions shown in Fig. 3. a From the peri-ampullary 
duodenal mucosa labelled as (D). b From the distal end of the common bile duct labelled as 
(8). HE: a x 50, b x 125 
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Fig. 5. Severe dysplasia/in situ carcinoma involving adenomatous epithelium of a villous 
adenoma of the duodenum. Early invasive carcinoma was present in this lesion. HE x 125 

3.3 Location 

Adenomas have been reported in all parts of the duodenum. In one review 
(SCHULTEN et al. 1976) approximately 74% were located in areas other 
than the second part of the duodenum, making them easily accessible to 
local excision. In another report (PERZIN and BRIDGE 1981) 28 of the 51 
adenomas involved the ampullary region and 14 arose in extra-ampullary 
portions of the duodenum. Six of the remaining nine adenomas were 
located in the jejunum and three in the ileum. 

4 Pathological Features 

Gross examination shows duodenal adenomas to be pedunculated or ses
sile. The external surface of tubular adenomas is smooth or lobulated and 
pink to red in colour, while villous adenomas are soft, sessile tumours with 
an irregular external surface. 

Microscopic examination of tubular adenomas reveals an appearance 
similar to tubular adenomas found elsewhere in the gastrointestinal tract. 
They are composed of neoplastic tubules lined by tall columnar stratified 
epithelium (Figs. 1, 3, 4) with scattered goblet cells. Mitoses are seen at 
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Fig. 63, b. Carcinoma of the ampulla arising in villous adenoma . 3 Villous adenoma involving 
the peri-ampullary duodenal mucosa. b Invasive adenocarcinoma of the ampulla. HE: a x 50, 
b x 80 

all levels of the lesion. Although a villous pattern may be present on the 
surface. the majority of the tumour should be composed of neoplastic tu
bules in order to classify a tumour as tubular adenoma. Villous adenomas 
are formed of finger-like villous or papillary processes of thin cords of fib-
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Fig. 7 a, b. Adenocarcinoma arising in villous adenoma of the duodenum. a Junction of nor
mal and benign adenomatous epithelium. b Invasive adenomatous focus. HE: a x 50, b x 125 

rovascular tissue lined by neoplastic tall columnar epithelium (Figs. 2, 7 a). 
AdmiXture of villous processes with tubules is not uncommon (Fig. 6 a). 
Variation in the pattern is frequent, with villi lined by a single layer of 



86 A. H. QIZILBASH 

columnar and goblet cells in some areas and marked glandular budding 
with nuclear stratification, loss of mucin secretion (Fig. 5), nuclear hyper
chromatism and atypia and plentiful mitoses in others. Paneth cells may 
be found. Their numbers vary and occasional tumours are rich in such 
cells. They are not confined to the bases of the crypts but are present at all 
levels of the neoplastic epithelium. Although nuclear atypia is frequent in 
the Paneth cells, mitoses are usually not found. 

5 Development of Carcinoma 

Evidence in the literature suggests that most duodenal carcinomas develop 
in pre-existing adenomas with an adenoma-cancer sequence similar to that 
accepted for colorectal carcinoma. The incidence of invasive carcinoma in 
adenomas of the colorectum is directly related to their size and the grade 
of dysplasia and carcinoma is commoner in villous adenomas than tubular 
adenomas (MUTO et al. 1975). Residual adenomatous tissue was found 
adjacent to 57% of early (submucosal) colorectal carinomas in one study 
(MUTO et al. 1975) and in 33% of all (KOZUKA 1975) in another. The same 
holds true for adenomas of the small bowel. In one study (PERZIN and 
BRIDGE 1981) two (22%) of nine tubular adenomas harboured an invasive 
carcinoma, as did three (60%) of five villous adenomas. Intramucosal car
cinoma was present in another patient. SCHULTEN et aI., in 1976, reviewed 
the literature and found 42 cases of duodenal villous adenomas and added 
one case of their own. Of these 43 cases, 15 (35%) had foci of carcinoma, 
including six with in situ carcinoma. In another study (KOMOROWSKI and 
COHEN 1981) four of the eight duodenal villous adenomas contained inva
sive carcinoma. A rare example of adenocarcinoma arising in a villous 
adenoma, in a bypassed duodenal stump 18 years after a Billroth II sub
total gastrecteomy, has been reported (LIPPER and GROVES 1985). 

The risk of malignancy in ampullary and peri-ampullary adenomas is 
probably greater than elsewhere in the duodenum or the remaining small 
bowel (PERZIN and BRIDGE 1981). These workers found invasive adenocar
cinoma in 10 (71 %) of 14 tubular adenomas of the ampulla of Vater and in 
12 (86%) of 14 ampullary villous adenomas. In another study (RYAN et al. 
1986) carcinoma was present in 12 (75%) out of 16 villous adenomas of 
the ampulla. Earlier workers (BAGGENSTOSS 1938; CATTELL and PYRTEK 
1950; OH and JEMERIN 1965) also identified adenomas of the ampulla of 
Vater as premalignant lesions. 

A number of workers have examined adenocarcinomas of the small 
bowel and ampulla of Vater in an attempt to look for the presence of pre
existing adenomas. In the report by PERZIN and BRIDGE (1981), 25% of 
the carcinomas of the small bowel and 30% of carcinomas of ampulla of 
Vater showed histological evidence of residual adenomatous tissue. 
KOZUKA et al. (1981), in a similar study, examined surgical specimens from 
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patients with carcinoma of ampulla of Vater and found evidence of pre
existing adenoma in 18 (82%) out of 22 cases. Another recent report (BAC
ZAKO et al. 1985) found adenomatous elements adjacent to carcinoma of 
the ampulla of Vater in 53 (91 %) out of 58 cases. 

The size of small intestinal adenomas also has an important bearing on 
the eventual development of cancer. The larger the lesion, the greater the 
chance that carcinoma will be found on histological examination (PERZIN 
and BRIDGE 1985). 

The evidence presented in the preceding paragraphs indicates that 
adenomas of the duodenum, including the ampulla, are premalignant 
lesions. Most, if not all, carcinomas of the duodenum and ampulla arise in 
pre-existing adenomas. PERZIN and BRIDGE (1981) have suggested that 
one of the reasons why primary adenocarcinoma of the small bowel is so 
uncommon is because the precancerous lesion, the adenoma, arises very 
rarely in the small intestine. 

6 Diagnosis of Carcinoma 

The detection of carcinoma in adenomas of the duodenum and ampulla is 
difficult on endoscopoic examination alone. Histological examination is 
necessary for a definite diagnosis. Larger lesions with ulceration, fixation 
or obstruction will usually show carcinomatous change on histological 
study. Small endoscopic biopsies may be diagnostic if the malignant focus 
is sampled but sampling errors with small biopsies are not uncommon. In 
one study (RYAN et al. 1986) the diagnosis of cancer by endoscopic biopsy 
was missed in five of the nine cases of adenocarcinoma arising in 
adenomas, a false-negative rate of 56%. If no cancer is found on multiple 
endoscopic biopsies, local excision should be the procedure of choice. If 
an invasive focus is present in the biopsy sample, then the histological 
diagnosis of carcinoma is usually not difficult. In addition to carcinoma
tous epithelium, desmoplastic reaction of the stromal elements is usually 
present. When there is severe dysplasia without unequivocal invasion as
sociated with secondary gland formation, a back to back arrangement or 
glandular fusion, a diagnosis of in situ carcinoma is justified. Biopsy frag
ments displaying such changes are good indicators of coexistent invasive 
disease and justify surgical excision of the lesion to confirm invasive car
cinoma. 

In ampullary tumours, separation of well differentiated invasive adeno
carcinoma from adenoma may at times be very difficult. Numerous small 
glands are normally present beneath the mucosa in the ampullary region, 
and when adenomatous epithelium extends into these glands there may be 
confusion with invasive disease. Care has to be exercised not to over-diag
nose malignancy in such situations. 
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7 Management 

The management of duodenal neoplasms should be based on the type of 
lesion, the location, the absence or presence of invasion, and patient risk. 
With widespread use of endoscopy and biopsy, adenomas of the duodenum 
and ampullary region are being recognised with increasing frequency. 
Small adenomas or those with a stalk are easily removed by polypectomy 
and the entire tumour studied histologically. If the tumour is large and can
not be removed endoscopically, then surgical resection becomes necessary. 
If the lesion is mobile, a local submucosal excision is the treatment of 
choice. This can easily be accomplished in the duodenum. If the ampulla 
of Vater is involved, local resection with ampullary reconstruction and duct 
implantation is recommended. Sphincteroplasty may be necessary if the 
ducts are small (ROSENBERG et al. 1986). If, following polypectomy or 
local excision, exhaustive histological examination fails to show invasive 
cancer, no further treatment is necessary. 

If, at the time of surgery, the duodenal tumour appears ulcerated or is 
hard and fixed to surrounding structures, carcinoma should be suspected. 
An incisional biopsy should be obtained and submitted for frozen section 
diagnosis. When invasive carcinoma is diagnosed, either at the time of fro
zen section or following local excision, a pancreaticoduodenectomy may 
be indicated depending on patient risk and other factors. 

8 Personal Experience 

In our laboratory we have examined 16 duodenal or ampullary adenomas, 
from nine women and seven men with ages ranging from 30 to 87 years. 
The size of the tumours varied from 0.5 to 4 cm in maximum diameter. 
Five of the lesions were under 1.0 cm, five between 1.0 and 1.9 em and six 
between 2.0 and 4.0 cm. Seven of the adenomas were located in the 
duodenum and nine involved the ampulla with or without involving the 
adjacent duodenal mucosa (Table 1). Five of the 16 tumours were tubular 
and 11 villous. All the villous lesions had an admixture of tubular and vil
lous patterns, with the villous pattern being the dominant feature. Numer
ous Paneth cells were present in four villous adenomas. In six the dysplasia 
was mild, in six it was classed as moderate and in four the changes were 
consistent with severe dysplasia or intramucosal carcinoma. Invasive ade
nocarcinoma arose in 4 of the 16 adenomas, of which one was a tubular 
adenoma of the duodenum and the other three were villous adenomas of 
the ampulla. 
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Table 1. Duodenal and ampullary adenomas 
(n = 16) 

Type of Lesion 

Tubular Adenoma 
Villous Adenoma 

Duodenum 

3a 

4 

Ampulla 

a One case associated with invasive carcinoma. 
b Three cases associated with invasive carcinoma. 
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Intra-epithelial neoplasia in the anal canal and peri-anal area has been the 
subject of considerable interest in recent years and the number of cases 
reported is increasing. Much evidence has linked anal and genital neo
plasia to venereal infections, particularly human papilloma virus (HPV), 
and a few cases of squamous carcinoma have been reported among pa
tients with AIDS. Symptoms may be vague or absent and the diagnosis 
therefore rests on careful pathological examination. 

1 Definitions and Nomenclature 

1.1 Intra-epithelial Neoplasia 

The term intra-epithelial neoplasia, originally introduced for changes in the 
squamous epithelium of the uterine cervix (RICHART 1973), can be defined 
as "a spectrum of intra-epithelial changes, that begins as a generally well 
differentiated intra-epithelial neoplasm, which has traditionally been clas
sified as very mild dysplasia, and ends with invasive carcinoma". The terms 
CIN (cervical intra-epithelial neoplasia) and VIN (vulvar intra-epithelial 
neoplasia) are now commonly accepted, and the term ACIN (anal canal 
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intra-epithelial neoplasia) has been proposed for similar changes in the 
anal canal (FENGER and NIELSEN 1986 b). Precancerous changes in the 
peri-anal skin are normally called Bowen's disease, but will be referred to 
here for brevity as peri-anal skin intra-epithelial neoplasia (PSIN). 

1.2 Anatomy and Histology 

The (surgical) anal canal extends from the level of the pelvic floor to the 
anal opening or from the upper to the lower border of the internal sphinc
ter (Fig. 1). It has a length of 3-4 cm and shows a characteristic surface 
relief. A little below the middle a line can be seen composed of the anal 
valves and sinuses and the bases of the anal columns. This line has been 
given at least ten different names, of which the term dentate line (DL) is 
preferable (FENGER 1987). This is the most important macroscopic land
mark. 

The mucosa can be divided into three zones according to the epithelial 
lining (FENGER 1988). The upper, colorectal zone roughly covers the first 
centimetre and is lined by colorectal type mucosa. The middle, transitional 
zone normally extends upwards for about 1 cm from the DL and shows a 
mixture of epithelial types. The lower, squamous zone is located below the 
DL and is lined by squamous epithelium, which at the lower border of the 
anal canal gradually becomes keratinised. The extent of the zones varies 
considerably (FENGER 1979). 

The anal transitional zone (ATZ) is defined as "the zone interposed 
between uninterrupted colorectal type mucosa above and uninterrupted 
squamous epithelium below, irrespective of the type of epithelium present 
in the zone itself" (FENGER 1988). Many epithelial variants can be found 
in the ATZ, the most prominent being the so-called ATZ-epithelium. This 
consists of four to nine cell layers and the surface cells may be columnar, 
cuboidal, umbrella shaped or flattened (Fig. 2). Other areas may be co
vered by squamous or simple columnar epithelium and crypts of colorectal 
type may be present. The anal glands open into the ATZ. 

rectum 

internal 
zone 

external zone (ATZ) ANAL CANAL 

perianal skin 

Fig. 1. Schematic drawing of the anal canal showing the three zones. (FENGER 1987b) 
(With permission from Raven Press) 
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Fig. 2. Normal appearance of ATZ epithelium. The surface cells are polygonal to the left and 
columnar to the right, with slight mucin production. HE, x 400 

The exact nature of the ATZ epithelium is not yet established. It has 
been likened to urothelium, but histochemical (FENGER and FILIPE 1981; 
FENGER and LYON 1982), ultrastructural (FENGER and KNOTH 1981) and 
DNA-flow cytometric studies (FENGER and BICHEL 1981) have not con
firmed this hypothesis, It can be recognised in foetal life (FENGER 1988). 

2 Aetiology 

The aetiology of ACIN and PSIN is still unknown, but a venereal factor 
seems to be implicated, considering the many reports of concomitant vul
var, cervical and anal neoplasia (CHOO and MORLEY 1980; FENGER and 
NIELSEN 1986 b; KAPLAN et aL 1981; SCHLAERTH et aL 1984 and many 
others), the epidemiology of cervical, vaginal, vulvar, penile and anal 
cancer (PETERS et aL 1984) and the increased risk of anal carcinoma 
among single males (DALING et aL 1982; PETERS and MACK 1983) and 
divorced or separate persons (PETERS et aL 1984). A history of syphilis is 
also common among patients with ACIN (FENGER and NIELSEN 1986 b). 
Male patients with admitted homosexuality, bisexuality or a history of anal 
condylomas seem to represent a risk group (WEXNER et aL 1987). 

Considerable evidence has now been collected indicating a relationship 
between infection with HPV and anogenital cancers, but the findings are 
not unequivocaL HPV DNA has been reported to be present in the cervi-
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cal mucosa in a great proportion of women with CIN, but also in many 
histologically normal cervices. Koilocytosis is not consistently related to 
HPV infection and this is not necessarily followed by CIN (JENKINS et al. 
1987; WICKENDEN et al. 1987). In only 13 of 21 women with VIN III and 
micro-invasive carcinoma of the vulva could HPV infection be confirmed 
by in situ hybridisation (GUPTA et al. 1987) and six cases of verrucous car
cinoma were all negative (PI LOTTI et al. 1984). On the other hand, bow
enoid papulosis, a condition probably without malignant potential (PAT
TERSON et al. 1986), was found to contain HPV-16 DNA in eight of ten 
cases (IKENBERG et al. 1983). Differences in technique, subtyping and the 
stage of the lesions may, in part, be responsible for such variations. 

There are comparatively few observations regarding anal carcinoma 
and its precursors. ACIN, PSIN and anal carcinoma have repeatedly been 
observed among male homosexuals and several of these have had con
dylomas (COOPER et al. 1979; CROXSON et al. 1984; EJECKAM et al. 1983; 
L! et al. 1982; NASH et al. 1986; WEXNER et al. 1986). It has been pro
posed that condylomas, giant condylomas and verrucous squamous car
cinoma represent a continuous precancerous spectrum (BOGOMOLETZ 
et al. 1985). In a series of 7 males and 12 females with ACIN none showed 
positive reaction for HPV (FENGER and NIELSEN 1986 b); a few cases of 
PSIN have been positive (IKENBERG et al. 1983). HPV 6 and/or 11, 16, and 
18 DNA has been variably demonstrated in anal condylomas, intraepithe
lial neoplasia and carcinomas, with a tendency for HPV 16 to be associated 
with neoplastic changes (BECKMANN et al. 1985; DUGGAN et al. 1989; 
LONING et al. 1988; SCHEURLEN et al. 1986; WELLS et al. 1988). 

Other factors may be of importance. A few cases of ACIN, PSIN and 
squamous carcinoma have been reported in male homosexuals with anti
bodies to HIV or AIDS and some of these have had signs of HPV infection 
(CROXSON et al. 1984; HOWARD et al. 1986; WEXNER et al. 1986). PSIN 
has been reported in association with Crohn's colitis (BECK et al. 1989). 

3 Incidence 

The incidence of ACIN and PSIN is unknown. Population screening pro
grammes have not been carried out and would be difficult to design, as 
the only reliable diagnosis is histological. The only available figures are 
from a few series of minor surgical specimens from clinically benign anal 
diseases and from the accumulated data in tumour registers. Such reports 
only occasionally make a distinction between ACIN and PSIN. 

Earlier series of minor surgical specimens from New York and San 
Francisco have shown that 0.2%-0.3% harboured ACIN or PSIN (GOR
DON 1956; GRODSKY 1967), but in a recent study from Los Angeles the 
percentage has been as high as 4, with a considerable excess among male 
homosexuals (NASH et al. 1986). The corresponding figures are 1.9% in 
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North-eastern Brazil (LEAO and FERREIRA 1979) and 0.3% in a rural dis
trict in Denmark (FENGER and NIELSEN 1981). 

The annual incidence in Los Angeles for the period 1972-1981 was 
0.2-0.3/105 for anal carcinoma in situ and 0.8-1.2/105 for invasive car
cinoma (males-females) (PETERS et al. 1984). In Denmark the incidence 
in the period 1979-1980 was 0.2/105 for ACIN and 0.7/105 for carcinomas 
(FENGER and NIELSEN 1986b). 

The figures are undoubtedly heavily biased with regard to age, sex, 
anal and venereal diseases and sexual behaviour. However, the experience 
of the extensively studied CIN-carcinoma sequence would predict that the 
incidence of ACIN and PSIN should be considerably higher than that of 
anal canal and peri-anal skin carcinomas. 

4 Clinical Diagnosis 

Bowen's disease or PSIN usually presents as slowly progressive, irregular, 
scaly, erythematous, raised, eventually fissured patches, and is often ac
companied by discomfort, pruritus or pain (RAMOS et al. 1983; BECK 
et al. 1988). ACIN, on the other hand, does not seem to produce any spe
cial symptoms, and the extent of mucosal changes into the anal canal may 
be difficult to estimate (CHOO and MORLEY 1980; NASH et al. 1986; 
SCHLAERTH et al. 1984). Many cases have been found on clinical examina
tion of females with genital dysplasia, but most have been incidental find
ings at routine microscopy of haemorrhoids, fibrous polyps, condylomas/ 
papillomas, fissures, fistulas etc. There are no reports on the use of cytol
ogy for the diagnosis of ACIN. 

As risk groups seem to exist, careful examination of the whole anoge
nital area should be carried out in all patients with venereal disease, and 
particularly in females with dysplasia of the cervix and vulva and in 
homosexual men. Biopsies should be taken from all mucosal and skin 
changes. The colposcope can eventually be used in the lower anal canal, 
where the lesion may present as well demarcated, greysish-white areas, 
while signs of changed vascularity are less pronounced. Induration may 
indicate micro-invasion (FENGER and NIELSEN 1986 b). 

5 Pathology 

5.1 Handling of Specimens 

As many cases of PSIN and ACIN are clinically unsuspected, all minor 
operative specimens from the area should be examined histologically. It is 
often possible macroscopically to identify the smooth grey-brown squa-
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Fig. 3. PSIN or Bowen's 
disease in the peri-anal skin . 
HE, x 400 

mous zone from the grey-blue more glistening anal mucosa and the speci
mens should be embedded and cut along the longitudinal axis. Only in 
this way will it be possible to correlate the findings to the three zones of 
the anal canal. Further it should be remembered that the ATZ, including 
areas of squamous epithelium, may be found as high as 2 cm above the 
DL (FENGER 1979) and that koilocytotic and dysplastic changes may in
volve this whole area (BOGOMOLETZ et al. 1985; FENGER and NIELSEN 
1986a, b; FENGER 1989). Signs of HPV or herpetic changes should be 
noted and confirmed by immunocytochemistry or in situ hybridisation. The 
margins of larger resections should be investigated completely. Frozen sec
tions may be used peroperatively to ensure complete excision of ACIN as 
well as for Paget's disease (STACyet al. 1986). 

Only a few authors distinguish between PSIN and ACIN, and this may 
often be difficult. Many patients show a combination of these lesions. It is 
most important for the pathologist to assess carefully whether invasion has 
occurred, the relation of the lesion to the DL and whether local excision 
is complete. The morphology in both PSIN and ACIN may be modified by 
signs of infection with HPVor herpes virus (CROXSON et al. 1984; NASH 
et al. 1986). 
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5.2 Peri-anal Skin Intra-epithelial Neoplasia 

The peri-anal lesions show the histological picture of Bowen's disease. The 
squamous epithelium is hyperplastic, with loss of stratification, variation 
in nuclear size, hyperchromasia, increased nuclear-cytoplasmic ratio, pres
ence of mitoses (often atypical) in all layers and multinucleated cells. The 
surface may show keratosis or parakeratosis (Fig. 3). 

Most cases reported in the literature have been non-invasive (RAMOS 
et al. 1983; STRAUSS and FAZIO 1979), but anal margin carcinoma may 
subsequently develop (QUAN 1980). The intra-epithelial changes may 
extend up into the anal canal above the DL, where they may present as 
ACIN (FENGER and NIELSEN 1986 b; STRAUSS and FAZIO 1979). The anal 
lesion can often be treated by local excision (SCHLAERTH et al. 1984; 
BECK et al. 1988). PSIN is often associated with neoplasia of the vulva or 
cervix in females (CHOO and MORLEY 1980; QUAN 1980; RAMOS et al. 
1983; SCHLAERTH et al. 1984; STRAUSS and FAZIO 1979); there are case 
reports of males having concomitant lymphoma (STRAUSS and FAZIO 1979) 
or Kaposi's sarcoma (CROXSON et al. 1984). 

z 
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Fig. 4. ACIN in the ATZ. 
Extension into crypts of co
lorectal type. HE, x 400 
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5.3 Anal Canal Intra-epithelial Neoplasia 

ACIN is defined as intra-epithelial neoplasia in the form of mild to severe 
dysplasia or carcinoma in situ (ACIN I-III), located in the anal canal, in 
the ATZ as well as below the DL. Histologically it resembles the corre
sponding CIN lesion and may extend into anal glands and rectal crypts 
present in the ATZ (Fig. 4) (FENGER and NIELSEN 1981, 1986 a, b). Like 
CIN, the histological appearance may be modified by signs of virus infec
tion. 

ACIN has been found in minor surgical specimens from patients with
out anal canal carcinoma or genital neoplasia (FENGER and NIELSEN 1981) 
as well as in females with vulvar and cervical neoplasia (FENGER and 
NIELSEN 1986 b). The average age for ACIN is a little lower than for anal 
canal carcinoma and the sex distribution is the same. ACIN is located in 
the area typical for anal canal carcinoma, there is a strong tendency to 
recurrence and ACIN eventually exhibits foci of micro-invasion (FENGER 
and NIELSEN 1986 b). ACIN is present in most anal canals harbouring vari
ants of squamous carcinoma (pure squamous, basaloid or muco-epider-

" .. I 

.. 
"''..I' 

Fig. 5. Bowenoid papulosis 
in the peri-anal skin. HE, 
x 400 
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moid patterns), at the borders of the tumors as well as in isolated areas, 
and most often in the ATZ (FENGER and NIELSEN 1986 a). Thus, there is 
considerable evidence that ACIN is the precursor for anal canal car
cinoma, and possibly has a more aggressive behaviour than PSIN. 

6 Differential Diagnosis 

The pathologist must be familiar with the normal epithelial variants in the 
ATZ (FENGER 1987 b) as these do not show the maturation characteristic 
of squamous epithelium in other mucosal surfaces. The uniform size of the 
nuclei, the lack of hyperchromasia and the tendency to a slight mucin pro
duction in the surface cells may be of help. Inflammatory changes show 
enlarged nuclei with prominent nucleoli but no hyperchromasia, and the 
nuclear-cytoplasmic ratio is relatively unchanged. Vacuolated cytoplasm is 
often observed in the anal canal epithelium and is not necessarily due to 
HPV infection (FENGER 1988). 

Fig. 6. Paget's disease of the 
peri-anal skin. HE. x 400 
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Bowenoid papulosis is characterised by hyperkeratosis, parakeratosis, 
hypergranulosis, vacuolated keratinocytes, irregular acanthosis, papil
lomatosis and inflammation. Dysplastic cells and mitoses are found scat
tered on a background of relatively orderly maturation, resulting in the 
characteristic "salt and pepper" appearance (Fig. 5). The cells may contain 
HPV-16 (IKENBERG et a1. 1983). Some report that the condition is self
limiting and does not seem to have a malignant potential (PATIERSON 
et a1. 1986). However, occasionally the lesion may show full thickness 
dysplasia and thus be histologically indistinguishable from PSIN, and in
vasion has recently been reported in a HPV 35-positive anogenital lesion. 
Follow-up may therefore be indicated for these patients also (RODLINGER 
et a1. 1989). 

Paget's disease presents with single or small groups of mucin-containing 
cells, located in the basal or all layers of the epidermis. It is normally lo
cated outside the anal canal but may extend up to the level of the DL 
(Fig. 6). The Paget's cells may contain carcino-embryonic antigen (OR
DONEZ et al. 1987). There are several reports of peri-anal Paget's disease 
apparently un associated with an underlying malignancy (FENGER 1989), 
but close observation of such cases is necessary, as a carcinoma may de
velop up to 10 years after the initial diagnosis (BECK and FAZIO 1987). 

Basal cell carcinoma arises in the peri-anal skin but may involve the 
anal canal even above the DL (NIELSEN and JENSEN 1981). The histologi
cal picture is similar to basal cell carcinoma occurring elsewhere, so that 
ACIN or PSIN does not usually enter the differential diagnosis. However, 
distinction must be made from variants of squamous carcinoma, notably 
so-called basaloid (cloacogenic) carcinoma. 
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Council. 
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1 Introduction 

A variety of infections and infestations of the gastrointestinal tract pose a 
diagnostic challenge for pathologists and gastroenterologists in the tropics. 
The interpretation of intestinal mucosal biopsies is complicated by the 
effect of the tropical, usually contaminated, environment and widespread 
malnutrition, which may influence gut mucosal morphology in even appar
ently healthy individuals. This chapter will concentrate on mucosal biopsy 
alterations that are widely prevalent in the healthy population in the small 
and large intestine and also on the specific bacterial and parasitic infec
tions that can be diagnosed by gastrointestinal mucosal biopsy. It must be 
emphasised that the gastrointestinal pathologist working in the tropics 
should be fully familiar with the biopsy diagnosis of neoplastic conditions. 
This is particularly important since regional differences in the prevalence 
of malignancies are now becoming apparent (RAMAKRISHNA et al. 1988). 

A particularly important concern is the response of the gastrointestinal 
mucosa as an immunological organ (PARROT 1976). In many tropical coun
tries the lumen of the gastrointestinal tract, including the small intestine, 
is colonised by a variety of microbes, both anaerobes and aerobes (BHAT 
et al. 1972). An autochthonous flora, predominantly anaerobic, has also 
been shown to be present in the small intestine (BHATet al. 1980). In addi
tion a variety of bacterial enteric pathogens also colonise the gut lumen 
without apparent ill effect, as they can be recovered from faecal samples 
from healthy individuals (MATHAN and RAJAN 1986). The prevalence of 
enterovirus and adenovirus infections and enteric parasites is also high in 
this population (PATEL et al. 1983). The response of the gut-associated im
mune system to this antigenic challenge in the tropics has not been fully 
understood. Increases in small intestinal mucosal epithelial lymphocytes 
and total immunoglobulin fractions in the serum have been documented 
in such populations (Ross and MATHAN 1981). The response of the gut 
mucosa to this challenge may be of considerable importance. For example, 
it has been documented that in the population of southern India the re
sponse to oral polio vaccine in children is not as appropriate as it is in the 
temperate climate, and these children may require up to nine doses before 
being adequately immunised (JOHN 1976). These findings suggest that a 
detailed study of the responses of the gut as an immunological organ in 
the tropics is likely to contribute significantly to public health measures to 
control enteric infection. 
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2 Stomach 

2.1 Gastritis 

A higher prevalence of gastritis and gastric atrophy has been documented 
in tropical populations (VAISH et al. 1967; DESAI et al. 1977). The reasons 
for this are not known, but the recent documentation of Campylobacter 
pylori in gastric biopsies (NAIR et al. 1986) (see page 1) and the high pre
valence of other enteric Campylobacter species in tropical populations 
(RAJAN and MATHAN 1981), suggests that this organism, which has been 
implicated in the pathogenesis of gastritis and duodenal ulcer (MARSHALL 

and WARREN 1984), may be important in tropical countries. The presence 
of C. pylori is easily demonstrated in endoscopic biopsies (Fig. 1), espe
cially if silver stains are used. Prospective epidemiological studies backed 
up by culture and histological examination of endoscopic gastric biopsies 
are needed to define the role of this organism in tropical regions. 

2.2 Tuberculosis 

Tuberculosis of the stomach is a rare entity (PALMER 1950). At gastroscopy 
the lesion may present as an ulcer in the antrum or lesser curvature of the 
stomach. These ulcers have characteristic undermined edges, serpiginous 
outline and pale nodules in the adjacent mucosa, and must be differen
tiated from malignant lesions. Occasionally tuberculosis of the stomach 
may present as an infiltrative and hypertrophic lesion which may closely 
mimic neoplastic growths. Biopsies, particularly if they are taken re
peatedly at the same spot to obtain submucosal tissue or at the edge of 

Fig. 1. Surface cells of gastric mucosa with many spiral organisms adherent to the luminal 
border and in the surface mucus. x 900 
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the ulcers, can be diagnostic with characteristic granulomatous inflamma
tion, caseation and giant cells. Acid-fast organisms may be demonstrable 
in appropriately stained tissues. 

3 Small Intestine 

3.1 Tropical Enteropathy 

Long, slender finger- or tongue-shaped villus structures are seldom present 
in jejunal mucosal biopsies from residents in many tropical countries 
(BAKER et al. 1962; LINDENBAUM et al. 1966; BAKER and MATHAN 1972; 
BAKER 1973). Broader leaf-shaped villi and ridges, which on occasion may 
be in a convoluted pattern, are found in the majority, changes which are 
termed tropical enteropathy. These architectural abnormalities are re
flected on examination of histological sections by an increase in the thick
ness of the crypts and increased cellularity of the lamina propria and the 
epithelial layer (Fig. 2). The foetal intestine in tropical southern India is 
not different from that in temperate climates, but changes begin shortly 
after birth (CHACKO etal. 1968). It has been shown in experimental ani
mals that exposure to the luminal contents is necessary for the changes to 
occur and that when the mucosa is isolated from gut continuity, in Thiry
Vella fistulae, the changes revert to normal or their progression is pre-

Fig. 2. Jejunal mucosa from a healthy control subject with changes of tropical enteropathy: 
increase in crypt thickness, shortening of villi and increased cellularity of lamina propria. 
x 100 
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vented (CHACKO et al. 1969). The morphological abnormalities are as
sociated with functional alterations (BAKER and MATHAN 1972) and there 
is preliminary evidence to suggest that impaired intestinal absorption as a 
result of tropical enteropathy may lead to the loss of 5% -8% of ingested 
food energy in populations which can scarcely afford such a loss (CHACKO 
et al. 1984). Tropical enteropathy appears to be an adaptive response to a 
variety of environmental factors. There is increased turnover of entero
cytes probably as a response to enterocyte loss from the villus compart
ment secondary to minimal damage (MATHAN et al. 1982). In addition to 
its possible contribution to malnutrition in tropical areas, tropical enter
opathy makes it essential that the pathologist defines the range of "normal
ity" in each region, especially when the subtle changes in the small intes
tinal epithelium associated with some of the malabsorption syndromes 
have to be interpreted. 

3.2 Malnutrition 

The elegant studies of DEO and RAMALINGASWAMY (1965) showed that it 
was possible to produce a gastrointestinal lesion in severely protein-de
pleted monkeys. However, whether a lesion results from protein or other 
malnutrition in humans is not yet established. Studies on children with pro
tein energy malnutrition have shown that in marasmic children the mor
phology of the gut is apparently normal while in children who were clini
cally diagnosed as suffering from kwashiorkor there was a gut lesion with 
shortening of villi, hypertrophy of the crypt and marked infiltration of the 
lamina propria (BRUNSER et al. 1968). Whether this lesion was secondary 
to malnutrition or consequent upon infections of the gastrointestinal tract 
due to altered immunity in malnourished children is not yet clear. 

3.3 Bacterial Infections 

3.3.1 Cholera 

Infection by Vibrio cholerae is the classical prototype of toxigenic diar
rhoeas. Jejunal mucosal biopsies in patients studied in temperate countries 
showed an intact epithelium with degenerative lesions and subjacent 
mononuclear infiltrate (FRESH et al. 1964; SHEEHY et al. 1966; PASTORE 
et al. 1976). However, in several studies from tropical countries the abnor
malities noted (GANGAROSA et al. 1960; SPRINZ et al. 1962; ASAKURA 
et al. 1974) are probably not specific to cholera but reflect the wide preva
lence of tropical enteropathy. 
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3.3.2 Tuberculosis 

Intestinal tuberculosis primarily affects the distal small intestine and is un
likely to be a common diagnosis in peroral mucosal biopsies of the small 
intestine. Duodenal tuberculosis is a rare entity and the characteristic fea
tures of tuberculosis may be occasionally seen with submucosal caseating 
tubercles (CHUTIANI 1970). 

3.4 Parasitic Diseases 

3.4.i Hook Worm infestation 

Hook worm infestation due to Ankylostoma duodena Ie or Necator 
american us is common in many warm moist parts of the world. The infec
tive stage of the"parasite develops in faecally contaminated soil, penetrates 
exposed skin surfaces and ultimately resides in the upper small intestine, 
The primary pathology resulting from hook worm infestation is iron defi
ciency anaemia due to blood loss caused by the parasite (MAHAMOOD 

1966). There is some controversy as to whether there is an upper small 
intestinal mucosal lesion due to hook worm infestation, Experimental 
studies showed that in dogs a severe inflammatory lesion may develop in 

Fig. 3. Jejunal mucosa with many Strongyloides larvae, eggs and part of an adult female worm 
in the crypt region. x 100 
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the jejunum with marked surface ulceration and infiltration of the 
epithelium with neutrophils (KALKOFEN 1974). In contrast, several reports 
of jejunal biopsies from different tropical countries (BANWELL et al. 1967; 
CHUTTANI et al. 1967; TANDON et al. 1969) have suggested that there are 
no major histopathological changes in the upper small intestinal mucosa 
associated with hook worm infestation in the human. 

3.4.2 Strongyloidiasis 

Asymptomatic infestation of the small intestine by the nematode Stron
gyloides stercoralis is prevalent in many tropical countries. The parasite is 
found in about 8% of jejunal luminal fluid samples at Vellore. It lives 
mainly in the lumina of crypts and can give rise to chronic diarrhoea and 
malabsorption. In immunocompromised individuals a fatal hyperinfection 
may occur (MARCIAL-RoJAS 1975; IGRA-SIEGMAN 1981). The adult female 
worm penetrates the epithelium and many segmented eggs or larvae may 
be found in the crypt epithelium and lamina propria in duodenal and je
junal biopsies (Fig. 3). Eosinophils and mononuclear cells constitute the 
cellular reaction around such worms. 

3.4.3 Capillariasis 

Infestation of the intestine by the nematode, Capillaria philippinensis has 
been reported primarily from Philippines and Thailand. This infestation 
can also occur in an epidemic form with high mortality. The patients de
velop diarrhoea and malabsorption with protein losing enteropathy. Je
junal biopsies (WHALEN et al. 1969) show worms penetrating the mucosa 
but there is no diffuse lesion significantly different from the background 
tropical enteropathy. In patients who had died, autopsy showed atrophy 
of the jejunal mucosa with flattened villi, denudation of the epithelium 
and infiltration of the lamina propria with plasma cells, lymphocytes, mac
rophages, eosinophils and neutrophil polymorphs (CROSS and 
BHAIBULAYA 1983). Although these lesions were maximal in the jejunum 
it is difficult to know whether they represent primary damage caused by 
the worm or changes consequent upon events of the terminal illness. 

3.4.4 Cryptosporidium 

A monoxenous coccidian parasite of warm-blooded vertebrates, Cryptos
poridium, is a zoonotic agent found in temperate zones primarily as an 
opportunistic infection in immuno-incompetent individuals, particularly 
patients suffering from acquired immune deficiency syndrome (AIDS) 
(ANGUS 1983; TZIPORI 1983; CURRENT 1984). This parasite has a wide pre
valence, both in asymptomatic individuals and in people with acute diar-
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Fig. 4. a Gastric mucosa with many spheri
cal Cryptosporidium attached to the luminal 
border. x 900. b Electron micrograph of je
junal enterocytes with 2 trophozoites of 
Cryptosporidium attached to the luminal bor
der. x 15000 

rhoea, in several tropical countries (MATHAN et al. 1985). Cryptos
poridium has been found throughout the gastrointestinal tract from the 
pharynx to the rectum. In severely infested patients at post-mortem the 
jejunum was most affected. In jejunal biopsies, the histological changes 
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Fig. 5. Jejunal mucosa from a patient with diarrhoea with meronts of Microsporidia supra
nuclearly. Epon-embedded I-flm section, toluidine blue. x 1000 

are non-specific but the characteristic spherical basophilic structures at
tached to the microvillus border of the enterocytes are easily recognised 
(Fig. 4). Electron microscopic examination of jejunal biopsies shows all 
stages of schizogony and gametogony. The organism is enclosed in a mo
dified epithelial surface membrane and is thus located intracellularly but 
extracytoplasmically. Adaptive and degenerative changes may be present 
in the enterocytes (LEFKOWITCH et al. 1984). There may be mild to moder
ate shortening of villi with increased crypt height and mononuclear infiltra
tion of the lamina propria (CASEMORE et al. 1985). 

3.4.5 Microsporidia 

The Microsporidia are primitive coccidian parasites, primarily of inverteb
rates and fish, but are now being recognised in mammals. There are a large 
number of species of this parasite and one species, Enterocytozoon 
bieneusi, has now been reported from AIDS patients (CANNING and HOL
LISTER 1987). It is an obligatory intracellular parasite and structures mor
phologically resembling these may occasionally be found within entero
cytes in jejunal biopsies in the tropics (Fig. 5). 

3.4.6 Kala Azar 

Visceral leishmaniasis is widely prevalent in South America, the Mediterra
nean basin and large parts of Asia and Africa. Endemic for many years in 
India, kala azar has now assumed epidemic proportions in the Gangetic 
plain. The illness usually presents with prolonged pyrexia and marked 
splenomegaly and is primarily an infection of the reticulo-endothelial sys
tem. Leishman-Donovan (LD) bodies (the leishmanial form of the para
site) may be present in lamina propria histiocytes in gastric and jejunal 
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Fig. 6. a Jejunal mucosa from a patient with 
diarrhoea and kala azar with marked expan
sion of the lamina propria by numerous mac
rophages filled with LD bodies. x 100. b 
Macrophage with many LD bodies within its 
cytoplasm distending it. x 900. (Slide pro
vided by the kind courtesy of Dr. S. J. Lucas. 
London.) 

biopsies (Fig. 6). The LD bodies are 2-4.5 [tm by 1-2.5 [tm, oval or 
round structures with oval nuclei applied to the more convex ventral bor
der. In severe cases diarrhoea may be present and enlarged villi with focal 
ulceration are scattered in the mucosa (EDDINGTON and GILLES 1969). 
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Fig. 7 a-c. Stages of development of Isospora in jejunal mucosa of a patient with malabsorp
tion. a Immature schizont. b Mature schizont with merozoites. c Oocyst in parasitophorous 
vacuole. x 900 

3.4.7 Coccidiosis 

Gastrointestinal infection with two species of coccidia, Isospora belli and 
I. hominis, primarily parasites of the small intestinal epithelium in hu
mans, is a cause of chronic diarrhoea and malabsorption in tropical and 
temperate climates. The parasite is present within or just below the villous 
epithelium and can be better identified with overstained Giemsa or 
haematoxylin-eosin-alcian blue stains (BRANDBORG et al. 1979). All stages 
of schizogony and gametogony (Fig. 7), including trophozoites, schizonts, 
merozoites, micro- and macrogametes and unsporulated oocysts, may be 
recognised in biopsies (TRIER et al. 1974) and oocysts in duodenal luminal 
fluid. 

3.4.8 Sarcosporidiosis 

Human intestinal sarcosporidiosis has been reported from Thailand, par
ticularly among people who eat undercooked beef (BUNYARATVEJ et al. 
1982). The patients usually present with fever and acute abdominal pain as 
well as leucocytosis. Severe cases are characterised by necrotising enteritis 
of the jejunum and ileum with heavy eosinophilic infiltration. The sexual 
forms of Sarcosporidia are found in the epithelium (Fig. 8). 
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Fig. 8. Jejunal mucosa from a patient 
with segmental enteritis due to sarcos
poridiosis with subepithelial sporocyst 
containing sporozoites. x 900. (Slide 
provided by kind courtesy of Dr. 
S. Bunyaratvej, Bangkok.) 

The protozoan parasite Giardia lamblia is worldwide in its distribution and 
it has been suggested that it may be the most frequent intestinal pathogen 
associated with diarrhoea in industrialised countries (SMITH and WOLFE 
1980). In many troprcal areas it is widely prevalent (30% -40%) in 
asymptomatic individuals (GILMAN et al. 1985). Giemsa-stained smears of 
the intestinal luminal fluid or the mucus associated with jejunal biopsies 
are particularly useful for detecting these parasites, which are pear shaped 
with the broad rounded anterior end containing two nuclei. Phosphotungs
tic acid or Giemsa stains demonstrate the organisms in the intervillus space 
in sections better than do haematoxylin and eosin stains. The jejunal mu
cosa of asymptomatic individuals harbouring the parasite may not show 
any significant abnormality although damage to microvilli, felt to be 
caused by the suction disc of the parasite, has been documented (TANDON 
et al. 1974) (Fig. 9). The most consistent abnormality in symptomatic indi
viduals is an increase in epithelial lymphocytes (WRIGHT and TOMKINS 
1977; ROSEKRANS et al. 1981). G. lamblia is frequently associated with im
munoglobulin deficiency and nodular lymphoid hyperplasia in the upper 
small intestine. Jejunal biopsies from such individuals show marked abnor
malities which are probably related to the underlying disease (Ross and 
MATHAN 1987). 

3.5 Tropical Sprue 

Tropical sprue is a primary malabsorption syndrome which affects resi
dents of and visitors to several tropical regions (MATHAN 1988). While it 
has not yet been fully documented from subsaharan Africa it is widely pre
valent in India and Southeast Asia as well as in many of the Caribbean 
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Fig. 9. a Jejuna! mucosa with many 
giardia! trophozoites in the intervillous 
space, x 150. Inset shows giardia with 
characteristic pear shape and two prom
inent nuclei in its anterior end, x 900. 
b Electron micrograph of giardia! 
trophozoites adherent to each other 
and anchored on the microvilli by their 
suction discs. x 7050 
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Fig. 10. a Jejunal mucosa from a patient with tropical sprue with moderate change showing 
increase in crypt height and shortening of villi. The cellularity of the epithelium and lamina 
propria is increased. x 100. b Jejunal mucosa from a sprue patient with severe change showing 
decrease in total height with more prominent decrease in villous height and increased cellular
ity of lamina propria. x 100 

islands. As early as 1914 it was suggested, by examination of autopsy mate
rial, that the primary lesion in tropical sprue involved the small intestinal 
mucosa. Subsequent to the availability of peroral intestinal biopsy instru
ments, the morphological alterations in the jejunal mucosa in tropical 
sprue have been described extensively (SCHENK et aL 1965; SWANSON and 
THOMASSEN 1965). However, even now tropical sprue is a diagnosis of 
exclusion in a patient with malabsorption syndrome, where the many con
ditions which give rise to secondary malabsorption have been ruled out 
(MATHAN 1988). 

Sections of jejunal biopsies show varying degrees of increase in the 
thickness of the crypts and shortening and distortion of villi (Fig. 10). Par
tial villous atrophy has been the term used to describe these changes but 
since the morphogenesis of the lesion occurs by primary damage to the 
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Fig. 11. Resin-embedded I-lAm section of jejunal mucosa of a patient from an epidemic of 
tropical sprue. Base of crypt shows focal degeneration of cells. x 750 

crypt it is better to avoid this term, which implies a primary lesion in villi 
(MATH AN et al. 1986). 

Details of enterocyte damage are more apparent when 1-!.lm sections 
of plastic-embedded tissue are examined by light microscopy or thin sec
tions are studied in the electron microscope. Damaged enterocytes, with 
altered brush border, dilated rough endoplasmic reticulum, loss of 
mitochondrial cristae and marked increase in lysosomes, are scattered 
throughout the epithelium of the crypt-villus unit. Extrusion of damaged 
enterocytes, some with poor staining characteristics and others condensed 
and with pyknotic nuclei, takes place all along the crypt-villus unit and 
not only at the zone of extrusion at the villus tips (MATHAN et al. 1975). 
Epithelial lymphocytes are clustered around these damaged cells. Epithe
lial lymphocytes are increased both in the villus and in the crypt (Ross 
and MATHAN 1981). The initial enterocyte lesion in patients with short 
duration was not associated with an increase in epithelial lymphocytes, 
which occurred 3-4 weeks later. The increase in epithelial lymphocytes 
appears to be secondary to the loss of barrier function consequent to 
enterocyte damage (MARSH et al. 1983). The basement membrane is thick 
and fat droplets are present in enterocytes, the basement membrane and 
superficial layers of the lamina propria, even after a lO-h fast, indicating a 
defect of fat transport. The cellular infiltrate in the lamina propria, lym
phocytes and plasma cells is also increased. 

It has been possible to examine jejunal biopsies from patients with 
very short duration of diarrhoea, affected in epidemics of tropical sprue in 
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southern India (MATHAN and BAKER 1971). The first lesion, detectable 
within 48 h of onset of diarrhoea, was damage to crypt enterocytes 
(Fig. 11). At that time surface enterocytes were apparently morphologi
cally intact although the patient had malabsorption. In vitro culture of 
jejunal biopsies, pulse labelled with 3H-thymidine, with follow-up of mig
ration of the label up the villus for up to 48 h, suggested that increased 
stem cell turnover and more rapid migration of enterocytes to and loss 
from the functional compartment, the villus, were characteristic of the es
tablished lesion of tropical sprue (MATHAN et al. 1986). These data suggest 
that the initial lesion, caused by an as yet unidentified agent, occurs in 
crypt enterocytes. The damaged crypt enterocytes (stem cells) give rise to 
damaged progeny which migrate and are extruded rapidly from the func
tional layer in the villi, leading to shortening of the villi. The balance be
tween the extent of the enterocyte stem cell damage, damaged progeny 
enterocyte loss from the functional compartment, and compensatory in
crease in proliferation of the stem cells explains the short villi and hyper
trophy of the crypts. It is not yet possible, based on published reports from 
other parts of the world, to say whether the crypt lesion which has been 
described in tropical sprue in southern India occurs elsewhere. 

3.6 Immunoproliferative Small Intestinal Disease 

Originally known as the Mediterranean type of lymphoma, and later alpha 
heavy chain disease, because of the abnormal monoclonal gammopathy 
which many of these patients develop, this disease is now recognised as an 
abnormality of the gut-associated lymphoid tissue (ISAACSON 1985) (see 
also page 143). In addition to the Mediterranean region and the Middle 
East, immunoproliferative small intestinal disease (IPSID) has been re
ported from several other tropical regions. Histologically three stages in 
the evolution of the lymphoma have been described. Infiltration of the 
lamina propria by plasma cells without invasion of the crypts occurs in 
stage A. In stage B the appearance of a band-like or nodular lymphoid 
infiltrate composed of a mixture of lymphocytes, centrocytes and centro
blasts in the lower part of the lamina propria is the characteristic finding. 
Cells from this lymphoid infiltrate may invade and destroy the jejunal 
crypts, forming typical lympho-epithelial lesions (ISAACSON and SPENCER 
1987). Plasma cells are still the predominant cell in the lamina propria, 
although they are few in the infiltrating nodules, which may resemble lym
phoid follicles. A malignant lymphomatous infiltrate involving the submu
cosa is characteristic of stage C and plasma cells at this stage are much 
less evident. The histological picture can be quite pleomorphic in these 
lymphomas, with a predominance of follicle centre-like cells. Since IPSID 
affects the upper small intestine diffusely, per oral jejunal biopsies may be 
diagnostic (Fig. 12). The demonstration of alpha heavy chains, without 
light chains, in tissue sections by immunocytochemistry helps to confirm 
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Fig. 12. Jejunal mucosa from a patient with malabsorption. The lamina propria is diffusely 
infiltrated with mature plasma cells effacing the crypt architecture. Stage A in TPSID. x 100 

the diagnosis in stage A. This is particularly useful as long-term antibiotic 
therapy can arrest or revert the disease at this stage. 

4 Large Intestine 

4.1 Tropical Colonopathy 

Conventional histological examination of rectal mucosal biopsies from resi
dents of tropical countries does not show striking changes similar to those 
of tropical enteropathy in the jejunum. However, a detailed study of the 
ultrastructural morphology of rectal biopsies at Vellore showed an increase 
in lysosomes, electron dense bodies and vesicles in both crypt and surface 
colonocytes (Fig. 13). In comparison with biopsies from volunteers in 
temperate climates the surface colonocytes were shorter, with short, irregu
larly grouped microvilli and poor plication of lateral cell membranes indi
cating immaturity. There were also alterations in goblet cell mucus 
granules, a reticulohistiocytic response in the subluminal lamina propria 
and evidence of vascular damage . These changes in biopsies from "nor
mal" subjects in the tropics suggested a response to non-specific damage 
(MATHAN and MATHAN 1985 a). 

Another striking finding was the wide prevalence of spiral organisms 
attached to the apical border of luminal colonocytes (spirochaetosis). In 
contrast to temperate zones (see page 249), where spiral organisms are 
found in about 2% - 3% of biopsies from controls, similar bacteria were 
present in 66% of asymptomatic individuals in southern India. 
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Fig. 13. Electron micrograph of the luminal cells of rectal mucosa from a control subject. The 
microvilli are short and irregular with many spirochetes adherent to the luminal border. 
Supranuclear cytoplasm contains many lysosomal structures. x 14000 

4.2 Acute Infectious Diarrhoea 

Intestinal mucosal biopsies are not part of the regular work-up of acute 
infectious diarrhoea. The majority of patients can be diagnosed on clinical 
grounds associated with appropriate microbiological investigation. Two 
recent developments, the recognition of acute self-limited colitis and the 
increasing frequency with which idiopathic inflammatory bowel disease 
(lED) is being diagnosed in tropical countries, make it necessary to define 
clearly the rectal mucosal histopathological features of a variety of acute 
diarrhoeal diseases. 
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4.2.1 Watery Diarrhoea 

Infection by enterotoxigenic bacteria [v. cholera, heat labile (LT) and heat 
stable (ST) toxin-producing coliforms, entero-adhesive E. coli etc.] is the 
classical example of infectious diarrhoea with large watery stools. The 
primary site of action of the enterotoxins is in the smaIl intestine and the 
large volume of fluid secreted overwhelms the absorptive capacity of the 
colon, giving rise to diarrhoea. The architecture of colonocytes is pre
served in these conditions although evidence of increased water absorption 
with oedema of the lamina propria may be present. A lamina propria vas
cular lesion (see below) may also occur (MATHAN and MATHAN 1985b). 

4.2.2 The Dysenteries 

It is particularly important to differentiate IBD from the dysenteries, the 
result of invasive damage of the colonic mucosa by bacteria and parasites. 

4.2.2.1 Bacterial Dysenteries 

Histological examination of rectal mucosal biopsies from 37 patients from 
whom a pure culture of Shigella was obtained (ANAND et al. 1986) showed 
a mixed round ceIl and polymorphonuclear, or a predominantly round ceIl, 

Fig. 14. Patient with acute colitis due to Shigella infection. There is marked mucus depletion 
and focal ulceration with a luminal inflammatory exudate. The lamina propria shows oedema. 
multiple focal haemorrhages and increased neutrophil polymorphs, plasma cells and lympho
cytes. x 100 
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Fig. 15. a Rectal mucosal biopsy from 
a patient with amoebic colitis. The 
superficial mucosa shows cell necrosis 
and is covered by an exudate with many 
neutrophils and trophozoites of En
tamoeba histolytica. X 650. b Rectal 
mucosal biopsy from the edge of an 
undermined ulcer in amoebic colitis 
with edges covered by necrotic tissue 
and acute inflammatory exudate. A few 
scattered amoebae are present at the 
junction of necrotic tissue and mucosa. 
The adjacent mucosa shows marked 
mucus depletion. x 100 
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infiltrate extending into the muscularis mucosae and submucosa, oedema 
of the muscularis mucosa and submucosa, and mild disorganisation of the 
crypts. The mucosal abnormalities were maximal in patients from whom 
S. dysenteriae was isolated and milder in patients with non-bloody diar
rhoea (Fig. 14). At colonoscopy the lesions mainly affect the distal colon 
(SPEELMAN et al. 1984). Ultrastructural studies (MATHAN and MATH AN 
1986) showed colonocyte damage and ulceration due to invasion by shigel
lae, as well as a lamina propria vascular lesion (see below). Longer dura
tion of symptoms was associated with features suggesting relative vascular 
insufficiency, lymphocyte activation, eosinophil and mast cell degranula
tion and the possibility of antibody-mediated colonocyte damage. 

Similar features are present in dysentery associated with Salmonella 
and Campylobacter infection, but to a lesser extent. 

4.2.2.2 Parasitic Dysenteries 

Amoebic dysentery is the prototype of the parasitic dysenteries and can 
produce lesions in the entire colon and terminal ileum, commonly in the 
caecum, rectosigmoid and hepatic flexure (HARRIES 1982). Several types 
of gross pathological changes have been described but the histological 
diagnosis is facilitated by the detection of Entamoeba histolytica (EH), 
which can be differentiated from other amoebae and macrophages by the 
characteristic erythrophagocytosis and the round nucleus with a central 
karyosome (GILMAN and PRATHAP 1971). In tissue sections PAS and iron 
stains help to distinguish EH from tissue macrophages. In early lesions, 
which appear as minute superficial ulcers at sigmoidoscopy, many EH may 
be present and small superficial ulcers with subjacent acute inflammation 
can be seen in tissue sections. The more established lesions are associated 
with flask-shaped ulcers with undermined edges and submucosal extension 
(Fig. 15). EH are fewer in such lesions (PRATHAP and GILMAN 1970). 
Amoebic granulomas may mimic carcinoma of the colon but can be distin
guished in colonoscopic biopsies (KAUSHIK et al. 1973). 

Other parasitic disorders that may give rise to dysenteries are as
sociated with schistosomiasis and infection by Balantidium coli. Concentric 
fibrosis around degenerated schistosome eggs in the submucosa, with 
eosinophils, lymphocytes and macrophages, is diagnostic of S. mansoni 
and S. japonicum (Fig. 16) (GAMBESCIA et al. 1976; NASH et al. 1982). 
B. coli dysentery is rare. Superficial ulcers covered by large saccular 
trophozoites, containing red blood cells and other ingested debris with 
large kidney-shaped nucleus and numerous cilia, is diagnostic (CASTRO 
et al. 1983). 
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Fig. 16. Rectal mucosal biopsy from a patient with a rectal stricture. The submucosa shows a 
granuloma with concentric fibrosis around degenerating schistosome eggs. x 100 

4.2.3 Differentiation of Idiopathic Inflammatory Bowel Disease 
from Acute Self-limited Colitis 

Acute self-limited colitis is a transient, presumably infectious, colonic in
flammation presenting usually with the sudden onset of bloody diarrhoea 
and recovering in under 1 month. A proportion of patients with Salmonella 
and Shigella colitis in tropical countries have symptoms persistent for up 
to a month (MATHAN et al. 1984). In the last 10 years IBD has been diag
nosed in over 150 patients in this centre and the frequency of detection of 
new patients is increasing. 

Studies from temperate climates suggest that crypt atrophy, distorted 
crypt architecture, increased number of round cells and neutrophils in the 
lamina propria, a villus surface epithelium, basal lymphoid aggregations, 
granulomas and isolated giant cells are helpful in distinguishing IBD from 
infective self-limited colitis (DICKINSON et al. 1979; MANDAL et al. 1982; 
KUMAR et al. 1982; SURAWICZ and BELIC 1984). Plasmacytosis in the 
lamina propria extending to the mucosal base with distortion of the crypt 
architecture is also suggested as diagnostic of ulcerative colitis (NOSTRAND 
et al. 1987). 

In evaluating biopsies from tropical countries these features are useful 
but the presence of a mixed infiltrate in the lamina propria even in 
S. dysenteriae infections (ANAND et al. 1986) and the altered immune re
sponse in such populations, with many plasma cells in the lamina propria, 
has to be kept in mind (CHOUDARI et al. 1985). The extent and severity of 
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Fig. 17. Resin-embedded tissue of rectal mucosa from Shigella colitis. The lamina propria 
blood vessel shows total denudation of endothelium in the upper part while the remaining 
endothelial cells show swelling. The vascular lumen contains platelet thrombi and many 
polymorphs. Marked haemorrhage into the lamina propria is seen with distorted and de
haemoglobinised red blood cells. Toluidine blue, x 950 

the changes associated with acute infective colitis depend on the duration 
of illness. Some of the features that help in the differentiation are the mini
mal amount of architectural distortion and disproportionately increased 
oedema and haemorrhage in the lamina propria compared to the extent of 
the inflammatory exudate. Epithelial cell regeneration is more rapid, with 
increased mitosis and signs of cellular immaturity, than in patients with 
ulcerative colitis. 

4.2.4 Lamina Propria Vascular Lesion 

Focal deep or pericryptal haemorrhage was a striking feature in rectal 
mucosal biopsies of an unselected group of adults with acute undifferen
tiated diarrhoea in southern India (CHOUDARI et al. 1985). The prevalence 
of these haemorrhages was unrelated to the pathogen isolated from the 
patient but was associated with a vascular lesion with endothelial damage 
(Fig. 17). Ultrastructural studies showed that a lesion resembling a local 
Shwartzman reaction was present in many of the lamina propria blood ves
sels (MATHAN and MATHAN 1985 b). The prevalence of this lesion corre
lated well with the clinical severity of illness and not with any aetiological 
agent. These findings suggest that bacterial lipopolysaccharide (endotoxin) 
may also play a role in the pathogenesis of acute diarrhoea in tropical 
countries. 
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Fig. 18. a Colonic mucosal biopsy from a patient with segmental colonic tuberculosis. Lamina 
propria shows multiple granulomas. x 80. b Granuloma composed of epithelioid cells sur
rounded by lymphocytes. x 370 

4.3 Tuberculosis 

The facility with which mucosal samples of the colon, caecum and even 
the terminal ileum can be obtained by colonoscopy has made biopsies 
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from ulceroconstrictive lesions of the colon and hypertrophic lesions of the 
caecum and terminal ileum an important diagnostic aid. The colonoscopic 
biopsy diagnosis of a tuberculous lesion helps the early institution of ap
propriate therapy and avoids unnecessary laparotomies and resections. The 
majority of available literature on the pathology of colonic and ileocaecal 
tuberculosis is based on the study of resected specimens (CHAWLA et al. 
1971; VAIDYA and SODHI 1978; TANDON and PRAKASH 1972). Although 
there are isolated reports of cases of colonic tuberculosis diagnosed at col
onoscopy (FRANKLIN et al. 1979; EHSANNULLAH et al. 1984), diagnosis is 
still often made after resection (KNUTSON and AROSENIUS 1984). 

In 11 proven cases of ileocaecal tuberculosis, colonoscopy showed de
formed ileocaecal valves in all and a contracted caecal lumen in ten 
(BHARGAVA et al. 1985). Typical granulomas were found in biopsies from 
only three and M. tuberculosis was isolated on culture from a further four 
patients. However, a non-specific infiltration of the mucosa by inflamma
tory cells was found in all the patients. Biopsies from a total of 31 patients 
with colonic tuberculosis were studied at Vellore between 1980 and 1986. 
Nine of these had isolated colonic tuberculosis and 22 ileocaecal tuber
culosis. The disease was confined to the ileocaecal region alone in only 8 
of these 22 patients; in the others it extended to the ascending colon (9 
patients) or was associated with segmental involvement in the transverse 
or sigmoid colon. Granulomas with or without Langhans type giant cells 
were present in biopsies from 21 of the 31 patients while the others had 
chronic inflammatory infiltrate without granulomas or caseation (Fig. 18). 
Colonoscopic biopsies are small and seldom obtain tissue deep within the 
submucosa. A higher yield can be expected if repeated biopsies are done 
at the same site to obtain deeper tissue. This technique enabled confirma
tion of the diagnosis in nearly two-thirds of suspected cases at Vellore. 

5 Conclusion 

The availability of peroral biopsy instruments for the small intestine and 
endoscopic biopsy of stomach, duodenum, colon, caecum and terminal 
ileum has made a variety of gastrointestinal mucosal samples available 
for histopathological examination. In the tropics interpretation of such 
biopsies has to be done in the light of the prevalence of tropical en
teropathy and colonopathy. In addition to enabling the diagnosis of a vari
ety of infective and parasitic conditions the examination of such biopsies 
by the electron microscope provides valuable clues to the pathogenesis of 
the diseases. 
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1 Introduction 

Our joint experience of primary gut lymphomas is based on studies per
formed on a series of over 250 cases culled from the files of the Depart
ments of Histopathology of St. Bartholomew's and St. Mark's hospitals, 
London, England. We attempt, herein, to provide a practical account of 
present understanding of the pathology of gut lymphomas. This is a rapidly 
evolving subject and some of our views may be regarded as controversial 
at least. We intend o~r statements on classification to be regarded as ten
tative because of the incompleteness of understanding of the biology, 
pathology, clinical course and optimal treatment of these relatively rare 
tumours. However, we believe the line we have taken to be compatible 
with the emerging consensus view on a provisional classification of gut 
lymphomas. 

2 Gut-Associated Lymphoid Tissue 

Gut-associated lymphoid tissue, often referred to by the acronym GALT 
or MALT (mucosa-associated lymphoid tissue), consists of intra-epithelial 
lymphocytes, lymphocytes and plasma cells diffusely distributed in the 
lamina propria, and mucosal and submucosal lymphoid nodules distributed 
throughout the small and large intestine; the largest lymphoid nodules are 
the Peyer's patches of terminal ileum. In man the normal gastric mucosa is 
virtually devoid of lymphoid tissue in childhood and young adulthood, but 
mucosal lymphoid nodules develop with age in most individuals either as 
part of a natural process or due to chronic gastritis (ISAACSON and 
WRIGHT 1987). It is debatable whether Waldeyer's ring should be consi
dered as part of MALT or part of the peripheral lymphoid tissue: lym
phomas of Waldeyer's ring are associated with gastric lymphomas (REE 
et al. 1980), but Waldeyer's ring also shows features of peripheral lymphoid 
tissue (ISAACSON and WRIGHT 1987). In the large bowel and rectum of 
man, lymphoid aggregates in mucosa and submucosa almost invariably 
have an intimate relationship with the surface epithelium, which has led 
to their designation as lympho-epithelial or lymphoglandular complexes 
(O'LEARY and SWEENEY 1986). In the normal colon the frequency of lym
phoglandular complexes increases threefold from the caecum to the rec
tum and the volume of lymphoid tissue in the rectum led STRINDEL (1935) 
to coin the term "rectal tonsil". 

Detailed morphological and immunohistochemical studies of normal 
human MALT have revealed similarities to and differences from peripheral 
lymphoid tissue (SPENCER et al. 1985 a, 1986a). Some of the special fea
tures of normal MALT appear directly relevant to the understanding of 
gut lymphomas. Peyer's patches have been most intensively studied in 
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humans, but are generally regarded as structurally representative of the 
other smaller lymphoid nodules in MALT. B cells predominate and are 
present from early in the second trimester of foetal development (SPENCER 
et al. 1986 b). The most obvious component of the human Peyer's patch is 
the B cell follicle consisting of a reactive follicle centre surrounded by a 
mantle of small lymphocytes. External to this is a further diffuse B cell 
zone variably admixed with macrophages and some T cells. The smaller dis
tinct T zone containing high endothelial venules is situated between the B 
cell follicle and the muscularis mucosae. 

The cells in the diffuse B cell zone may be related to nodal monocytoid 
B cells (PIRIS et al. 1986; SHEIBANI et al. 1986) but differ phenotypically 
from mantle zone cells and other cells of peripheral lymphoid tissue apart 
from the cells in the splenic marginal zone (SPENCER et al. 1985 b). Mantle 
zone B cells express both surface IgM and IgD while the surrounding B 
cells lack IgD but express IgM or IgA. These extrafollicular B cells are 
further distinguished by their size and nuclear morphology: they are larger 
than mantle zone cells and contain irregularly shaped heterochromatic 
nuclei resembling those of centrocytes and have thus been designated cen
trocyte-like cells (ISAACSON and SPENCER 1987). 

These centrocyte-like cells selectively infiltrate the epithelium covering 
the Peyer's patches or other lymphoid nodules (so-called dome epithelium) 
at the sites of M cells (OWEN and JONES 1974; OWEN 1977; BOCKMAN 
et al. 1983). M cells are flattened epithelial cells through which antigens, 
macromolecules and particulate material pass from the lumen of the gut 
into the Peyer's patch, and which contain the centrocyte-like cells in "hol
lows" in the cytoplasm, separated from the gut lumen by a thin bridge of 
cytoplasm containing electron-lucent vesicles. This intra-epithelial popula
tion of B cells is not found in the epithelium outside the dome area and 
must be distinguished from intra-epithelial T cells, which form the majority 
of intra-epithelial lymphocytes in the gut (FERGUSON 1977). Intra-epithe
lial T cells are distributed throughout the small intestine and, in smaller 
numbers, the large intestine. Their numbers increase in certain conditions 
such as coeliac disease and lymphocytic gastritis (DIXON et al. 1988). They 
are mostly T suppressor cells. Lamina propria T cells are principally of T 
helper/inducer phenotype and in the T zones of Peyer's patches the T 
helper/inducer to T suppressor ratio is about 4: 1. There is some evidence 
(ELSTON et al. 1979) for a homing population of gut-associated T cells. 

The precise role of centrocyte-like cells in mucosal immunity is not 
known, nor is their place in B cell ontogeny. However, their identical 
phenotype and morphological similarity to splenic marginal zone cells 
(SPENCER et al. 1985b) could be significant. Little is known about these 
splenic cells in man, but in rodents they are known to mount T-indepen
dent antibody responses and to be particularly effective in dealing with 
bacterial carbohydrate (capsular) antigens (KUMARARATNE et al. 1981; 
MACLENNAN et al. 1982). These cells appear to belong to a distinct B cell 
lineage which, though derived from a circulating precursor, does not recir-
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culate itself. The possibility that centrocyte-like cells and splenic marginal 
zone cells in man are indeed part of the same lineage could account for 
many of the peculiarities of lymphomas arising in the gut mucosa, particu
larly the tendency to remain localised to the primary site for a long period. 

Another explanation offered previously for this prolonged localisation 
of gut lymphomas is the known circulating pattern of MALT lymphocytes 
which "home" back to the mucosa (GouDIE et al. 1974; HALL et al. 1977). 
It was suggested that circulating neoplastic gut lymphomatous cells would 
"home" to the lymphoma. However, even using sensitive and specific im
munoglobulin (Ig) gene rearrangement studies on peripheral lymphocytes, 
ISAACSON could not find circulating neoplastic cells in patients with gastric 
lymphoma (ISAACSON and SPENCER 1987). Also, there is now good evi
dence that mucosal B cells do not necessarily "home" to their site of origin 
(HUSBAND and GOWENS 1978; HUSBAND 1982) and therefore one would 
expect tumours of MALT to be multiple. As this is not usually the case, 
apart from malignant lymphomatous polyposis (see below), the "homing" 
of neoplastic recirculating lymphocytes to the gut is not a good explanation 
for the prolonged localisation of gut lymphomas. 

Most knowledge on the migratory pathways of intestinal lymphoid cells 
is based on animal studies and interspecies differences do occur. For exam
ple in rodents there is evidence that lymphoid cells migrate between differ
ent types of mucosa (BIENENSTOCK et al. 1978; MONTGOMERYet al. 1983), 
while in sheep there is evidence against such a mechanism (SPENCER and 
HALL 1984). It is important to bear these differences in mind when ex
trapolating from animals to man. It has been shown in animals and seems 
likely in man that different intestinal lymphoid cell populations are interre
lated through the migration of cells from one site to another. Accordingly, 
lymphoid cells from Peyer's patches migrate to the lamina propria and 
intra-epithelial region of the small intestine. A subset of B lymphocytes 
in Peyer's patches are the precursors of the lamina propria IgA-producing 
cells (KAGNOFF 1981). T lymphocytes from Peyer's patches have been re
ported to populate the lamina propria and the intra-epithelial region 
(KAGNOFF 1981). 

After antigen stimulation, lymphocytes in Peyer's patches divide and 
migrate. Band T lymphocytes, activated as a result of antigenic challenge, 
leave the Peyer's patches by efferent lymphatics, pass to the mesenteric 
lymph nodes and thence via the thoracic duct to the bloodstream before 
returning to the lamina propria and intra-epithelial regions. Most of the 
returning lymphoid cells in the lamina propria appear as plasma cells 
(GRISCELLI et al. 1969; HALL et al. 1972). The majority of these plasma 
cells synthesise dimeric IgA (CRABBE et al. 1968). Some of the IgA enters 
the mucosal lymphatics and from there the bloodstream (VAERMAN et al. 
1973). The intravascular dimeric IgA is available for uptake and transport 
by cells synthesising secretory component at other mucosal sites and in this 
way the mucosal surfaces of the body are united by a common immune 
system. 
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3 Criteria for Diagnosis of a Primary Gut Lymphoma 

Lymphomas of the gut are most commonly found in association with sys
temic malignant lymphoma (HERRMANN et al. 1980). The standard 
minimum criteria for acceptance of a gut lymphoma as a primary are laid 
out in Table 1. These criteria have been widely accepted and are therefore 
very useful when it comes to comparing series in the literature since 1961. 
However, newer investigative techniques and improved understanding of 
the biology of gut lymphomas may make modificatons of these .criteria 
necessary. Nowadays, a stricter definition of a primary gut lymphoma 
would include, in addition, a normal mediastinal CAT scan and normal 
bone marrow examination, but it would seem sensible to us to retain the 
standard five criteria as the minimum requirements for inclusion of a case 
as a primary. However, not all authors are prepared to be even as strict as 
this and include as primary gut lymphomas, any lymhoma which appears 
to involve the gut predominantly. Thus, in a histological and immunohis
tochemical study of 36 cases of primary gastric lymphoma (MOORE and 
WRIGHT 1984), eight of the cases had presented with lymphoma elsewhere 
(all at other sites of MALT, e.g. lung), but appeared principally to involve 
the stomach. 

4 Incidence of Primary Gut Lymphomas 

As different series use different criteria for the diagnosis of primary gut 
lymphomas, it is difficult to compare accurately the incidences of primary 
gut lymphoma and secondary involvement of the gut in systemic lym
phoma. One study indicates that clinically apparent gastrointestinal lym
phomatous involvement in systemic lymphoma may be present in as many 
as 32% of cases and even up to 43% at autopsy (HERRMANN et al. 1980). 
In comparison, the same authors found that primary gut lymphoma ac
counted for only 9% of all cases of lymphoma. Therefore, although this 
group used less rigid criteria for the definition of primary gut lymphoma 
than we suggest, primary gut lymphoma probably accounts for less than 
30% of all cases of gut involvement by lymphoma. 

Table 1. Criteria for diagnosis of a primary gut lymphoma 
(Dawson et al. 1961) 

1. No palpable superficial lymphadenopathy at presentation 
2. Chest X-rays show no enlargement of mediastinal nodes 
3. Normal white cell count (total and differential) 
4. At laparotomy the bowel lesion predominates. the only 

obviously affected nodes being those immediately related 
5. The liver and spleen appear free of tumour 
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The problem of failure to follow proper criteria in distinguishing pri
mary from secondary gut lymphoma, coupled with terminological differ
ences and diagnostic difficulties, makes it impossible to determine the true 
incidence of gut lymphoma nationwide and worldwide. Calculations of the 
incidence of gut lymphoma in Western populations have varied from 3% 
to 15% of all non-Hodgkin's lymphomas (SUGARBAKER and CRAVER 1940; 
GALL and MALLORY 1942; FREEMAN et al. 1972; BROWN et al. 1975; FUL
LER et al. 1975; RUDDERS et al. 1978; GREEN et al. 1979). 

That there are geographical and ethnic variations in incidence of pri
mary gut lymphoma is widely recognised. For example, a higher incidence 
is said to exist in Middle Eastern countries and in Sephardic Jews than in 
European countires and Ashkenazic Jews. In these examples the differ
ences refer principally to primary lymphoma of the small intestine. How
ever, it is interesting to compare the incidence of gut lymphoma in Israel 
and in the UK. The former is supposed to be a high incidence area and 
the latter a low incidence area. In Israel the incidence of lymphoma at all 
sites in the gut is approximately 11100000 per annum (SHANI et al. 1969). 
In the Grampian area of Scotland the incidence is approximately 1.6/ 
100000 per annum (GREEN et al. 1979). Unfortunately no other figures 
are available for the indicence of gut lymphoma in the UK, so that it is 
not known whether the fairly high frequency in Scotland is representative 
of the country as a whole. 

Most authors from the Middle East state that the small bowel is the 
commonest site within the gut for lymphoma, while in Western populations 
the stomach is the commonest site. On this basis lymphoma of the small 
bowel may be slighly commoner in the Middle East than elsewhere. The 
differences in incidence are not marked and it is probable that the Middle 
East is the focus of attention on the part of the medical profession because 
of immunoproliferative small intenstinal disease (IPSID, alpha chain dis
ease, Mediterranean lymphoma) (KHOJASTEH et al. 1983), rather than 
because of a particularly high incidence of gut lymphoma. The different 
incidences at different sites are further commented on below. 

If the estimates for the incidence of gut lymphoma in the UK are of 
the order of 1.6/100000 (GREEN et al. 1979), then a district general hospi
tal in the UK will see roughly four new cases of gut lymphoma every year. 
Approximate figures can be given for the average numbers of cases of gut 
lymphoma per year seen in large hospitals on the North American conti
nent, and these are comparable to the above UK estimates. In North 
America such hospitals report between 1.7 and 2.8 cases per year when all 
sites in the gut are included. Primary gastric lymphoma occurs at a fre
quency of between 1 and 2.5 per year, small bowel lymphoma at a fre
quency between 0.6 and 1.1 per year, and large bowel lymphoma at a fre
quency between 0.3 and 0.9 per year (ALLEN et al. 1954; NICOLOFF et al. 
1963; KAY 1964; WELBORN et al. 1965; JOSEPH and LATTES 1966; STOBBE 
et al. 1966; WYCHULIS et al. 1966; BUSH and ASH 1969; LOEHR et al. 1969; 
Fu and PERZIN 1972; HOERR et al. 1973). 
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5 Sites of Origin in the Gut 

5.1 Stomach 

There is no doubt that the stomach is the most favoured site for primary 
gut lymphomas in Western populations. Estimates range from 50% -60% 
of all primary gut lymphomas (AZZOPARDI and MENZIES 1960; LOEHR 
et al. 1969; LEWIN et al. 1978). A series from South Africa (KAHN et al. 
1972) has only 33% of gastric lymphomas in the total. In that part of the 
world the small bowel is the most favoured site within the gut and the 
distribution of lymphomas here may be closer to that found in the Middle 
East. By combining a large number of cases from different reported series 
an overall figure of 61 % is reached for the proportion of primary Western 
gut lymphoma found in the stomach. A similar calculation from Middle 
Eastern populations shows that 38% of primary lymphomas in these coun
tries are gastric. 

As regards the distribution of lymphoma within the stomach, most 
authors agree that the pyloric antrum is the commonest site, followed by 
the body then the cardia (FRIEDMAN 1959; CONNORS and WISE 1974; LIM 
et al. 1977). Some authors have found a higher incidence in the body than 
in the antrum (THORBJARNARSON et al. 1956; SALMELA 1968). FRIEDMAN 
(1959) found lymphoma to be more common on the greater curve than on 
the lesser. 

Estimates of the proportion of all gastric malignancy which is formed 
by lymphoma have varied from 0.4% in Denmark (JENSEN 1967) and 
0.9% in Finland (SALMELA 1968) up to 9% in the USA (HERTZER and 
HOERR 1976) and 11.5% in Italy (RILKE et al. ]978; Russo et al. 1978). 
Most analyses of Western populations give figures in the range of 2%-5% 
(THORBJARNARSON et al. 1956; Friedman 1959; KAY 1964; BERG 1969; 
LOEHR et al. 1969; CONNORS and WISE 1974). 

5.2 Small Bowel 

In Western populations the small bowel is the second commonest site for 
primary gut lymphomas; most authors give figures in the region of 30% 
for the proportion located here. In the Middle East, by way of contrast, 
small bowel is the most favoured site of origin, accounting for at least half 
of all gut lymphomas in Israel (SHAN I et al. 1969), in Iraq (AL-BAHRANI 
and BAKIR 1971), in Iran (HAGHIGHI et al. 1971) and in Lebanon (SHAHID 
et al. 1975). This increased incidence of small bowel lymphoma may be the 
explanation for the supposedly higher overall incidence of gut lymphoma 
in these regions. Because other forms of malignancy in the small bowel 
are uncommon, lymphoma constitutes between 19% and 50% of all malig
nancy at this site in Western populations and over 95% of all malignancy 
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at this site in the Middle East (AL-B~HRANI and BAKIR 1971; HAGHIGHI 
et a1. 1971). 

The distribution of tumours within the small bowel shows some in
teresting variations. In Western populations the tumours predominate in 
the distal small bowel (LEWIN et a1. 1978). Combining figures from several 
reported series gives the following distribution: duodenum 8%, jejunum 
33%, ileum 59%. Distal predominance is found also in adults in South 
Africa (LEWIN et a1.1976) and in Israel (SELZER et a1. 1979 b) when the 
tumours are unassociated with malabsorption. 

In Middle Eastern countries the ileal predominance is lost in those 
cases with a background of malabsorption related to IPSID. Such 
"Mediterranean lymphomas" show the following distribution: duodenum 
3%, jejunum 31 %, ileum 34%, more than one site 32% (NASR et a1. 1970; 
AL-BAHRANI and BAKIR 1971; AL-SALEEM and AL-BAHRANI 1973; 
SHAHID et a1. 1975; SELZER et a1. 1979 a). In the West there is also a defi
nite tendency to a more proximal distribution of lymphomas associated 
with malabsorption: jejunum 38%, ileum 29%, unspecified site 33% 
(BRUNT et a1. 1969; HOLMES et a1. 1976; BRANDT et a1. 1978; SELBY and 
GALLAGHER 1979; ISAACSON and WRIGHT 1980). 

5.3 Appendix 

Since proper criteria for diagnosing primary gut lymphomas were estab
lished (DAWSON et a1. 1961) there have been remarkably few reports of 
primary lymphoma of the appendix and none stands up to critical scrutiny. 
The three purported cases in the series of GLICK and SOULE (1966) also 
showed tumour in caecum which could have been the primary site. Older 
reports, reviewed by CLARKE and SIMONDS (1951), suggested a mean age 
of 25 years for appendiceal lymphomas (ct. mean of 55 years for other gut 
lymphomas), and mostly follicular lymphomas (a rare type anywhere in 
the gut). This makes us think that most older reports of follicular lym
phoma of the appendix are cases of misdiagnosed reactive hyperplasia. 

The rarity of appendiceal lymphoma is perhaps surprising in view of 
the high concentration of lymphoid tissure in the normal appendix. 

5.4 Large Bowel 

This is the least common of the three major sites in the gut for the devel
opment of lymphoma. Only 9% -16% of primary gut lymphomas originate 
here, both in Western populations (BERG 1969; LOEHR et a1. 1969; NAQYI 
et a1. 1969; CAMILLERI and DIEBOLD 1972; GREEN et a1. 1979) and in Mid
dle Eastern and South African populations (SHANI et a1. 1969; KAHN et a1. 
1972). Of all colorectal malignancy, lymphoma constitutes between 0.1 % 
and 1 % (ALLEN et a1. 1954). 
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Fig. 1. Overall incidence relatcd to sitc 
of colorectal lymphomas from review of 
literature 

The subsite distribution of colonic lymphoma is shown in Fig. 1. The 
apparent caecal predominance may in part be spurious, since in the litera
ture the ileocaecal region is often considered as part of the large bowel. 
Some, at least, of the tumours in this category are likely to be intussuscept
ing bulky tumours originating in the terminal ileum. After the caecum the 
rectum is the next commonest site. 

6 Age Incidence and Sex Ratio 

If all the histological types of primary gut lymphoma and all the sites in 
the gut are considered together, the age distribution shows a peak inci
dence in the sixth decade. There are possibly minor subsidiary peaks in 
the third and first decades. In general terms one may state that no age is 
exempt from lymphoma of the gut, although it is very rare under the age 
of 2 years. 

If gut lymphomas are considered by site, the age incidence distribu
tions are similar for the stomach, small bowel and large bowel in Western 
populations. The minor peak of incidence in the first decade is only really 
distinguishable in small bowel cases. This is because lymphoma of the gut 
in children is very largely confined to the ileum. 

In our series and in the literature as a whole the sex ratio of primary 
gut lymphomas taken together as a group shows a male predominance 
(M:F = 2:1). This overall male predominance in gut lymphomas is 
matched by the sex ratios of non-Hodgkin's lymphomas arising in nodes. 
The ratio given above is for adults; in children male predominance is even 
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more striking (M:F = 9: 1). The reason for the male predominance in lym
phomas of both gut and of nodes is entirely unexplained. 

7 Aetiology and Predisposing Factors 

The aetiology and predisposing factors for the vast majority of gut lym
phomas are quite unknown. The incidence of primary gut lymphomas does 
not relate proportionally to the amount of lymphoid tissue normally pre
sent in the mucosa: the stomach, the commonest site of primary gut lym
phoma in the West, is normally virtually devoid of lymphoid tissue. 

Conditions for which there is good evidence that they predispose to 
primary gut lymphomas are coeliac disease, IPSID (alpha chain disease), 
ulcerative colitis and to a lesser extent Crohn's disease, AIDS and other 
immunosuppressed states. The topic of pseudolymphoma and its possible 
relationship to lymphoma is discussed in Sect. 8. 

7.1 Coeliac Disease 

Coeliac disease is now accepted as a predisposing factor for several malig
nancies, but most commonly a lymphoma of the small bowel (SWINSON 
et al. 1983). Most such lymphomas are pleomorphic T cell lymphomas (see 
Sects. 9.7 and 9.8) currently usally referred to as "enteropathy-associated 
T cell lymphomas" (ISAACSON et al. 1985; LOUGHRAN et al. 1986; SALTER 
et al. 1986). Until 1985 such lymphomas were widely thought to be of true 
histiocytic origin and called malignant histiocytosis of the intestine (ISAAC
SON and WRIGHT 1978), a term which should now be abandoned. So-called 
"ulcerative jejunitis" is now regarded as an early manifestation of en
teropathy-associated lymphoma (ISAACSON and WRIGHT 1980), in which 
the inflammatory reaction to the ulceration and the deceptively benign ap
pearance of the neoplastic cells combine to make the microscopic diagnosis 
of malignancy very difficult. Areas of "ulcerative jejunitis" are commonly 
seen adjacent to more obvious lymphoma. Enteropathy-associated lym
phoma is further discussed below in Sects. 9.7 and 9.8. Malignant lym
phoma with eosinophilia (SHEPHERD et al. 1987) is a variant ofT cell lym
phoma which shows an association with coeliac disease; it is also discussed 
in detail below (Sect. 9.9). Not alllymphomas with associated enteropathy 
have been reported to be of T cell phenotype and in one series B cell 
tumours predominated (MORGAN et al. 1985). 

Though it is now established that coeliac disease and malabsorption 
usually precede the development of gut lymphoma by a number of years 
(SWINSON et al. 1983), this is not always so. Coeliac disease may be sub
clinical and may not present until symptoms appear due to the develop
ment of lymphoma. However, the usual clinical setting heralding the devel-
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opment of lymphoma is for a previously controlled coeliac patient to re
lapse despite strict adherence to a gluten-free diet. 

It is also, valid to consider the possibility that lymphoma per se can 
cause malabsorption. This is most likely if there is extensive mediastinal 
node involvement with blockage of the lymphatics. It is interesting that 
the first reported association between malabsorption and lymphoma (FAIR
LEY and MACKIE 1937) noted the presence of retroperitoneal nodes at the 
base of the mesentery, but did not mention lymphoma in the bowel! The 
likely mechanism of malabsorption in this oft misquoted case was thus lym
phatic obstruction. 

7.2 Immunoproliferative Small Intestinal Disease 

This is the currently preferred term for the condition which used to be 
known as alpha chain disease. It occurs predominantly but not exclusively 
in the Middle East, South Africa being another high incidence area. Its 
clinical features are diarrhoea, weight loss, abdominal pain and finger 
clubbing. Pathologically it is characterised by a heavy plasmacytic or lym
phoplasmacytic infiltrate in the mucosa of the upper small intestine and 
related mesenteric nodes. In most, if not all, cases these plasma cells 
synthesise, without necessarily secreting an abnormal alpha immunoglobu
lin heavy chain (RAMBAUD et a!. 1980). A frankly malignant lymphoma, 
so-called Mediterranean lymphoma, often arises in the setting of IPSID 
and there has been much debate over whether IPSID is a malignant pro
liferation ab initio or whether the onset of Mediterranean lymphoma 
represents a complication of a benign disorder (KHOJASTEH et a!. 1983; 
GALIAN et a!. 1977). The benign view is supported by the excellent re
sponse of some cases of uncomplicated IPSID to broad spectrum antibio
tics (KHOJASTEH et a!. 1983; GALIAN et a!. 1977; ASSELAH et a!. 1983), 
while frank Mediterranean lymphoma requires more radical treatment. A 
recent study set out to settle this issue by looking for immunoglobulin gene 
rearrangements in cases of uncomplicated IPSID and in established 
Mediterranean lymphoma; light and heavy chain Ig gene rearrangements 
were found in both (SMITH WJ et a!. 1987). The authors interpret these 
results as indicating that IPSID is neoplastic even in its early stages, but 
that the neoplastic cells respond to normal stimuli. The epidemiology of 
IPSID, together with reports of specific HLA association (NOVIS 1979; 
NIKBIN et a!. 1979), points to a genetic predisposition in this disease, 
which when combined with one or more environmental factors leads to 
abnormal IgA synthesis and lymphoma. 
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Fig. 2. Incidence related to site of color
ectal lymphomas complicating ulcerative 
colitis from review of literature 

7.3 Ulcerative Colitis and Crohn's Disease 

Lymphoma is a rare complication of ulcerative colitis. As with adenocarci
noma, such lymphoma tends to occur in patients with extensive disease 
and a long history. Both types of malignancy are more frequently mul
tifocal when occurring in the context of ulcerative colitis. Approximately 
one lymphoma of the large bowel will be seen for every ten carcinomas 
complicating ulcerative colitis (RENTON and BLACKSHAW 1976). The dis
tribution of lymphomas in the large bowel in ulcerative colitis is shown in 
Fig. 2. This is obviously different from the distribution of lymphoma in 
general in the large bowel (Fig. 1), but similar to the distribution of adeno
carcinoma in ulcerative colitis, which also shows rectal predominance 
(RIDDELL et al. 1978). Most ulcerative colitis related lymphomas in the 
literature appear to be high grade (RENTON and BLACKSHAW 1976) and 
our recent morphological and immunohistochemical studies on seven cases 
confirm this and show all seven to be of B cell phenotype (SHEPHERD 
et al. 1989). 

There are even fewer reports of lymphoma complicating Crohn's dis
ease and all are single case reports. One describes two "reticulum cell sar
comas" in the small intestine of a patient with a 15-year history of Crohn's 
disease (HUGHES 1955). In two series of small bowel lymphomas, one 
patient in each also had Crohn's disease but details of these two cases are 
scanty (NAQYI et al. 1969; BLACKLEDGE et al. 1979). The best documented 
case pathologically is that of a malignant lymphoma, immunoblastic with 
plasmacytic differentiation, of the colon complicating Crohn's disease 
(KWEE et al. 1985). We have recently studied three cases of lymphoma in 
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Crohn's disease. Immunohistochemical studies on paraffin sections showed 
one of these to be of T cell type while the other two were of uncertain 
lineage and included large bizarre cells (SHEPHERD et al. 1989). We pre
sume, as with coeliac disease and ulcerative colitis, that the chronic inflam
matory cell infiltrate in Crohn's disease forms the substrate for the devel
opment of lymphoa. However, all three of our patients had also been 
treated with immunomodifying agents such as steroids and azathioprine. 

7.4 AIDS 

Lymphomas are now well established as a manifestation of AIDS. Most 
such lymphomas appear to be of extranodal origin (ZIEGLER et al. 1984). 
The commonest sites appear to be the central nervous system, bone mar
row, skin/mucosa and the gastrointestinal tract (ZIEGLER et al. 1984; 
LEVINE et al. 1985). Virtually all of the lymphomas appear to be of B cell 
origin and most are high grade. Virtually any site in the gastrointestinal 
tract appears to be vulnerable, but most reported cases are in the small 
bowel though anorectal lymphomas are being reported with increasing fre
quency (BURKES et al. 1986; IOACHIM et al. 1987). We are aware of one 
case report of Hodgkin's disease presenting with rectal symptoms in a 
homosexual male though it is not clear whether that patient had AIDS 
(CooNLEYet al. 1984). 

7.5 Other Immune Deficiency States 

Lymphoma is a well recognised complication in immunosuppressed trans
plant patients. Although the brain has been the site of most of the lym
phomas following renal transplantation (SCHNECK and PENN 1971), other 
primary sites including the colon are reported (PINKUS et al. 1974; COG
GON et al. 1981). The lymphomas developing in this context are usually 
high grade. 

There are a few reports of localised high grade lymphoma in the bowel 
in patients with chronic lymphatic leukaemia (BURMAN and VAN WYK 
1956; GIVLER 1968; ARMITAGE et al. 1978). The development of the high 
grade tumour in this situation could either represent a second malignancy 
in a patient whose immune incompetence predisposes to the development 
of further tumours, or represent dedifferentiation of a low grade tumour 
into a high grade. In patients with treated Hodgkin's disease there cer
tainly is an increased incidence of second malignancies (DORREEN et al. 
1986; HENRYet al. 1987). We have seen several cases of primary gut lym
phoma in patients previously treated for nodal Hodgkin's disease. 
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8 Pseudolymphomas 

8.1 Stomach 

The term gastric pseudo lymphoma in most standard texts is used to de
scribe a lesion which is considered in the final analysis to be reactive rather 
than neoplastic, but which, because of its size, the density of the lym
phocytic infiltrate and the extent of that infiltrate, has caused a careful 
initial consideration of the possibility of neoplasia. The histological feature 
which was said to be the most reliable indicator of benignity was the pres
ence of typical reactive follicles (JACOBS 1963; FARIS and SALTZSTEIN 
1964; VAN DEN HEULE et a!. 1979) with germinal centres containing centro
cytes, centroblasts, dendritic reticulum cells and tingible body mac
rophages, and surrounded by obvious mantle zones. A good reason for 
regarding gastric pseudolymphomas as benign appreared to be that they 
virtually never recurred or gave further trouble, following removal. 

This was the situation until various workers (EIMOTO et a!. 1985; 
ISAACSON et a!. 1986; MYHRE and ISAACSON 1987) by means of their very 
elegant immunohistochemical studies convincingly showed monotypic 
cell populations in gastric lesions containing obvious reactive follicles. 
ISAACSON et a!. (1986) argued strongly that the term gastric pseudolym
phoma should be dropped and that these lesions were essentially low grade 
B cell lymphomas. The reasons for lack of recurrence of such lesions are 
suggested to be (a) that they are usually excised in the specimen on which 
the diagnosis is based (b) that most unequivocal B cell lymphomas of the 
stomach characteristically remain localised for long periods and 
"pseudolymphomas" represent the most benign end of the spectrum, and 
(c) that the reason for this long localisation period is that these tumours 
are derived from "centrocyte-like cells" which are derived from a special 
subset of non-recirculating B lymphocytes (SPENCER et a!. 1985 b). 

Our opinion, based on the present evidence and our own experience, 
is that many of the cases diagnosed previously by us and reported in the 
literature as pseudolymphomas, are in fact probably low grade B cell lym
phomas. However, a lymphoma does have to start somewhere and as there 
is virtually no lymphoid tissue present in the normal stomach it seems 
likely that most gastric lymphomas must evolve in the setting of a reactive 
lymphoid infiltrate. Lymphomas of the salivary glands and thyroid develop 
from such reactive infiltrates (SCHMID et a!. 1982; ANSCOMBE and WRIGHT 
1985). Any florid reactive lymphoid infiltrate in the gastric mucosa could 
on this basis be regarded as a potentially premalignant lesion. From a prac
tical point of view, therefore, it would seem to us sensible to regard with 
suspicion all very dense gastric lymphoid infiltrates which fail to respond 
to medical treatment for chronic gastritis. Surgery, as for overt gastric lym
phoma, should then be seriously considered. 
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8.2 Small Bowel 

The term pseudo lymphoma is much less often applied to lesions of the 
small bowel. Most of these were considered entirely benign, but recently 
some evidence has emerged to suggest that one type may predispose to 
malignancy (MATUCHANSKY et al. 1985). This is the generalised reactive 
hyperplasia of small bowel lymphoid tissue ("nodular lymphoid 
hyperplasia") resulting in benign lymphoid polyposis which may be asso
ciated with hypogammaglobulinaemia (HERMANS et al. 1966; AOJUKIE
WICZ et al. 1972). The immediate differential diagnosis of benign lymphoid 
polyposis is from malignant lymphomatous polyposis (see below), but 
microscopically malignant lymphomatous polyposis is a diffuse infiltrate of 
centrocytic cells while benign lymphoid polyposis is a follicular 
hyperplasia. However, the report of MATUCHANSKY et al. (1985) in which 
three patients with benign lymphoid polyposis developed malignant lym
phoma, suggests that there must be some increased expectation of lym
phoma in such patients. 

In children and young adults reactive hyperplasia of the lymphoid tis
sue of Peyer's patches can produce a localised tumefaction with the gross 
appearances of a malignant lymphoid tumour (MORSON and DAWSON 
1979). Microscopically this shows a florid follicular hyperplasis, and does 
not apparently predispose to malignancy. 

8.3 Large Bowel 

The lesion referred to as a pseudo lymphoma of the large bowel is also a 
localised hyperplastic tumefaction of lymphoid tissue, most often called a 
benign lymphoid polyp. Benign lymphoid polyps of the rectum are fairly 
common and several large series have been published, some with more 
than a hundred cases (HAYES and BURR 1952; CORNES et al. 1961). His
tologically benign lymphoid polyps of the rectum consist of a mass of reac
tive lymphoid tissue showing follicular hyperplasia and covered by intact 
mucosa. They occupy an expanded submucosa but there is often a mucosal 
component in addition and sometimes deeper penetration into the mus
cularis propria is seen. Benign lymphoid polyps are not the precursors of 
malignant lymphomatous polyposis (LI 1948). Provided the whole polyp is 
removed there should be no possibility of confusing these two diagnoses, 
but if only a small superficial biopsy is taken then diagnosis is usually im
possible; such a practice must be condemned as unhelpful. 
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9 Histopathological Classification 

Whatever classification is used, it is now widely accepted that the inci
dences of the various types of lymphoma differ markedly in series of pri
mary nodal and primary gut tumours. Hodgkin's disease constitutes about 
45% of nodal lymphomas. The incidence of Hodgkin's disease amongst gas
tric lymphomas is quoted as being between 5% and 10% in the USA 
(LOEHR et al. 1969; NAQVI et al. 1969), Finland (SALMELA 1968), and 
Israel (SHAN I et al. 1969). Amongst gut lymphomas as a whole LEWIN 
et al. (1978) found 1.7% to be Hodgkin's disease, while ISAACSON et al. 
(1979) found an incidence of 1 %. Some series, including our own, contain 
no examples of Hodgkin's disease (Fu and PERZIN 1972; HENRY and FAR
RER-BROWN 1977; Selzer et al. 1979 a). The reason why Hodgkin's disease 
of the gut should be so uncommon is not clear. There is still argument over 
the histogenesis of Hodgkin's disease, but currently a favoured view is that 
the cell of origin is an activated lymphocyte more often T cell than B cell 
(DREXLER et al. 1988). If Hodgkin's disease does usually evolve from a 
particular type of activated T cell, the very low incidence of primary 
Hodgkin's disease in the gut may partly reflect the low incidence of pri
mary gut T cell lymphomas (see below). 

There is still no generally accepted agreement on the subject of the 
classification of nodal non-Hodgkin's lymphomas, which have been much 
more intensively studied than gut tumours. This lack of agreement reflects 
our imperfect understanding of the precise histogenesis and biology of 
many of these tumours, and difficulties and differences in the interpreta
tion of fine cytological and architectural detail in paraffin sections. Ideas 
on histogenesis based on technically improved and more widely applied 
immunohistochemical methods and the application of molecular biological 
techniques are currently evolving rapidly with regard to both nodal 
(STANSFELD et al. 1988) and gut lymphomas (GRODY et al. 1985; ISAAC
SON et al. 1985, 1986; MORGAN et al. 1985; MYHRE and ISAACSON 1987; 
MOUBAYED et al. 1987). Each new advance seems to emphasise differ
ences in types and incidences of nodal and gut lymphomas. In nodes, 
although B cell tumours still predominate, T cell tumours are being recog
nised with increasing frequency and a logical and comprehensive scheme 
of classification of nodal T cell lymphomas has been recently proposed by 
the Kiel group (SUCHI et al. 1987) and related to an updated Kiel classifi
cation of B cell tumours (STANSFELD et al. 1988). In the gut, apart from 
the lymphomas complicating coeliac disease (ISAACSON et al. 1985; 
SHEPHERD et al. 1987), T cell lymphomas appear to be rare and the vast 
majority of gut lymphomas appear to be of B cell origin (GRODY et al. 
1985; ISAACSON et al. 1986; ISAACSON and SPENCER 1987; MYHRE and 
ISAACSON 1987; SHEPHERD et al. 1988). 

The majority of B cell tumours arising in the gut are currently 
suggested to be derived from non-recirculating centrocyte-like cells (vide 
supra) (SPENCER et al. 1985 b; ISAACSON et al. 1986, 1987; ISAACSON and 
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Table 2. Proposed classification of primary gut lymphomas 

Low grade 

High grade 

B cell 

Polymorphic B cell" 
(predominantly small cell) 

Mediterranean lymphoma 
(also known as IPSID") 

Centrocytic lymphoma 
(also known as malignant 
lymphomatous polyposis) 

Others including: 
Plasmacytoma' 
Centroblastic-centrocytic 
follicular' 

Polymorphic B cella 
(with prominent large cell 
component) 

Burkitt-type lymphomad 

Others including: 
Pure centroblastic' 
Pure immunoblastic' 

Unclassified 

Tcell 

Small cell pleomorphic 
(+/- enteropathy) 

Others including 
epitheliotropic 

Medium/large cell 
pleomorphic 
(+/- enteropathy 
-/- tissue eosinophilia) 

Others including: 
Pure immunoblastic' 
Large cell anaplastic' 

Unclassified 

a "Polymorphic" as it is composed of a mixed population of small 
lymphocytes, centrocytc - like cells, lymphoplasmacytoid cells, 
plasma cells, centroblasts and immunoblasts in variable propor
tions. More than 20')10 blast type (large) cells indicates high grade. 

h Immunoproliferative small intestinal disease. 
C Such classical Kicl types appear to be rare in the gut. 
d Formerly B lymphoblastic. 
, Rarely the large cell anaplastic lymphoma may be of a B cell 

lineage. 
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SPENCER 1987; ISAACSON and WRIGHT 1987; MYHRE and ISAACSON 1987). 
Such tumours have been variously labelled as tumours of centrocyte-like 
cells. maltomas, low grade B cell tumours of MALT, or simply primary 
gastric lymphomas. None of these names is ideal: most tumours are com
posed of a polymorphic population of cells many of which are morpholog
ically unlike centrocytes; "maltoma" and "low grade B cell tumour of 
MALT" strictly embrace other distinct tumours of MALT. e.g. centrocytic 
lymphoma; and "primary gastric lymphoma" also embraces a number of 
types of tumour. Furthermore, knowledge of the physiology of centrocyte
like cells is based on animal studies and, as noted previously. there are 
interspecies differences. Though the idea is attractive, and the experimen
tal work of ISAACSON is very persuasive, we think it still premature to as
sume that all such tumours are centrocyte-like cell derived. and therefore 
opted in our most recent study, as explained below, for the less committal 
term of "polymorphic B cell lymphoma". 



150 D. A. LEVISON et al. 

We have ourselves previously attempted to classify gut lymphomas 
according to conventional Kiel criteria (LEVISON and SHEPHERD 1986), as 
have others (ISAACSON et al. 1979; VAN DEN HEULE et al. 1979; MOORE 
and WRIGHT 1984; MORGAN et al. 1985). In 1987 in the course of a review 
of 45 primary colorectal lymphomas (SHEPHERD et al. 1988), three inde
pendent observers, including two of the presend authors (D.A.L. and 
P.A.H.) found that, apart from diffuse centrocytic lymphomas, there was 
no consistent interobserver agreement with regard to different Kiel classes. 
This was because of the marked polymorphism of the tumour cell popula
tion. There was consistent observer agreement on the grade of such 
tumours using 20% of blast cells as the cut-off point between high grade 
and low grade tumours. We therefore classified these tumours, which were 
all of B cell phenotype, into three main groups; centrocytic lymphomas 
(malignant lymphomatous polyposis), low grade polymorphic B cell lym
phomas, and high grade polymorphic B cell lymphomas. 

We believe from our experience at other sites in the gut that polymor
phic B cell tumours are the predominant type of primary gut lymphoma, 
but that one does see occasional examples, other than Burkitt-type and 
centrocytic, of classic Kiel types of lymphoma. One also sees tumours 
which are very difficult to classify. In the light of this evolving experience, 
and of the evolving ideas in the literature based mainly on the work of 
ISAACSON and co-workers, we suggest that gut lymphomas might currently 
be most usefully classified according to the scheme outlined in Table 2. 
This scheme attempts to incorporate terms currently in use, and follows 
the pattern of the updated Kiel classification for nodal lymphomas with 
major divisions into Band Tcell types and high and low grade (STANSFELD 
et al. 1988). Our polymorphic B cell tumours correspond closely to the 
tumours of centrocytic-like cells of ISAACSON and our reasons for prefer
ring our terminology are explained above. The distinctive macroscopic, 
microscopic and behavioural characteristics of each of these tumours is 
now described. 

9.1 Polymorphic B Cell Lymphoma 

The reasons for adopting this terminology are outlined above. This entity 
corresponds closely to the tumour variously referred to by ISAACSON and 
co-workers as a "tumour of centrocytic-like cells", "maltoma" or "primary 
B cell gastric lymphoma" (ISAACSON et al. 1986; ISAACSON and SPENCER 
1987; ISAACSON and WRIGHT 1987; MYHRE and ISAACSON 1987). It shows 
variable but often marked cytological polymorphism and is composed of a 
mixed population of B cells: small lymphocytes, centrocyte-like cells, 
plasma cells, plasmacytoid cells, centroblasts and immunoblasts (Fig. 3, 
4). It exhibits a spectrum of grade in terms of the proportion of blast cells 
present (Fig. 3, 4). In our study of colorectal lymphomas we found that 
high grade tumours (with more than 20% blast cells) had a significantly 
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Fig. 3. Low grade polymorphic B cell lymphoma of stomach with partial destruction of a 
gland (lympho-epithelial lesion). The infiltrate is composed of small centrocytic-like cells and 
some plasma cells. HE. x 625 

Fig. 4. High grade polymorphic B cell lymphoma of jejunum showing mainly blast-type cells 
and several mitoses. HE. x 625 
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poorer prognosis than low grade tumours (SHEPHERD et al. 1988). Low 
grade tumours also tend to contain more, and more obvious, follicles and 
most of these are clearly reactive on both morphological and immunohis
tochemical grounds. The presence of such reactive follicles has, in the past, 
been erroneously interpreted as indicating that the whole lesion was reac
tive and spawned the term pseudo lymphoma (discussed above), but im
munohistochemical evidence of monotypic B cells around such reactive 
follicles (ISAACSON and SPENCER 1987), and the gradual invasion and 
effacement of follicles by these monotypic B cells, proves that reactive fol
licles can be a component of B cell gut lymphomas. We are sure that we 
have underdiagnosed low grade polymorphic B cell lymphomas in the past 
(calling them simply reactive, or pseudolymphomas), but as the diagnosis 
was usually based on a surgically resected specimen, the patient had usu
ally already had the appropriate treatment. 

Another characteristic though not invariable microscopic feature of 
these tumours is the lympho-epithelial lesion in which centrocyte-like cells 
invade and damage crypt epithelium (Fig. 3). This lesion is not present in 
our experience in reactive infiltrates, nor in centrocytic lymphomas. It has 
to be distinguished from the ubiquitous normal presence of intra-epithlelial 
T lymphocytes, increased numbers of intra-epithelial T lymphocytes in 
coeliac disease and certain forms of chronic gastritis (DIXON et al. 1988), 
and very rare "epitheliotropic" T cell lymphomas of the gut, of which we 
have only seen a single example. These distinctions can be made most 
objectively by the use of Band T cell markers which work on paraffin sec
tions (see below). The epitheliotropism of neoplastic centrocyte-like B cells 
seems to mimic the normal behaviour of centrocyte-like cells over Peyer's 
patches. Lympho-epithelial besions are more often seen with low grade 
than high grade polymorphic B cell tumours. 

Plasma cells are a prominent feature of a proportion of polymorphic B 
cell lymphomas. Unless the plasma cells are cytologically atypical, their 
neoplastic nature can only be inferred by the immunohistochemical detec
tion of light chain restriction in the cell cytoplasm. Characteristically, the 
plasma cell infiltrate is most prominent towards the luminal aspect of the 
mucosa and merges with the underlying more polymorphic infiltrate. The 
plasma cells do not take part in lympho-epithelial lesions, and they are 
usually scanty or absent in the invasive part of the tumour. 

Low grade polymorphic B cell lymphomas tend to be well defined pro
tuberant growths, but often show deep invasion of the bowel wall. Most 
are single growths; occasionally they are multiple, but with the tumours 
confined to the same or adjacent parts of the bowel (Fig. 5). High grade 
polymorphic B cell lymphomas are more often larger, strictured, ulcerating 
lesions with involvement of long segments of the bowel (Fig. 6). Fissuring 
ulceration is not uncommon in the high grade tumours and is the basis of 
the not insignificant incidence of associated perforation. 

When low grade polymorphic B cell lymphomas metastasise to adja
cent lymph nodes they initially produce a highly distinctive growth pattern 
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Fig. 5. Low grade polymorphic B cell lymphoma of ascending colon. Two well defined pro
tuberant tumours 

Fig. 6. High grade polymorphic B cell lymphoma of rectum. A typically large. ulcerated 
tumour 

(ISAACSON and SPENCER 1987). The tumour cells form an interfollicular 
infiltrate external to the follicle mantle and this may suggest a T zone lym
phoma to the inexperienced. As the follicles are replaced, a nodular or 
diffuse pattern of nodal involvement results. When high grade polymorphic 
B cell lymphomas metastasise to nodes they commonly produce discrete 
foci of tumour in the nodes in a similar manner to carcinomatous deposits 
(another potential pitfall for the unwary). 

Immunohistichemically, provided a panel of B cell markers is used, the 
B cell nature of such polymorphic tumours can be confirmed in almost all 
cases in paraffin sections. We have found one or more of the currently 
available B cell markers to be positive in tumour cells in all suspected 

6 
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cases from which we hae adequate material. Antibodies such as MT1 and 
UCHL1 will almost invariably show the presence of admixed ractive T 
cells, and macrophage markers such as lysosyme and Mac 400 will show 
associated macrophages (SHEPHERD et al. 1988; HALL et al. 1988 a). In 
frozen sections the tumour cells in polymorphic B cell lymphomas are CD5 
negative (cf. centrocytic lymphoma where the cells are CD5 positive). We 
were surprised by the results of staining with MT2 in our polymorphic B 
cell lymphomas of colon and rectum. Most of our low grade polymorphic 
B cell tumours stained positively with this reagent while most of the high 
grade tumours were negative. Survival analysis showed that patients with 
MT2 positive tumours did significantly better than those with MT2 nega
tive tumours. Similar observations have been made in nodal B cell lym
phoma (HALL, unpublished observations). 

The mainstay of treatment is surgical removal of the tumour. Adjuvant 
radiotherapy and chemotherapy have not been properly assessed for these 
tumours. We applied a modified Dukes' staging to these tumours in the 
colorectum and found trends towards better survival in stages A and B 
compared to C (SHEPHERD et al. 1988). We also found statistically signifi
cantly better survival for low grade polymorphic B cell tumours compared 
with high grade. The survival of patients with high grade polymorphic 
B cell lymphoma was similar to that of patients with malignant lymphoma
tous polyposis. 

9.2 Mediterranean Lymphoma 

Aspects of the epidemiology of this condition and its relationship to ISPID 
(alpha chain disease) have been discussed in Sect. 7.2. It is a small intesti
nal disease that may occur at any age but tends to affect young adults. The 
clinical presentation is usually that of malabsorption not due to gluten 
sensitivity. Abdominal pain, weight loss and finger clubbing are often addi
tional features. Diarrhoea or signs of small bowel obstruction may then 
develop or may be the initial presenting features (ISAACSON 1985). 

The macroscopic features are also variable. In most cases there is dif
fuse, even thickening of the upper small intestine together with enlarged 
mesenteric lymph nodes. Localised, sometimes multiple tumours may be 
present and gastric involvement is not uncommon. The histological fea
tures are characteristic and have been divided into three stages (ISAACSON 
1985): stage A with diffuse plasma cell infiltration of the lamina propria 
but little or no invasion of crypt epithelium (Fig. 7 a); stage B with a nodu
lar or band-like infiltrate deep in the lamina propria below the plasma cells 
and composed of a mixture of B lymphocytes (morphologically small lym
phocytes, centrocyte-like and centroblast-like cells) (lympho-epithelial le
sions are present at this stage); and stage C with the mixed lymphomatous 
infiltrate predominating and less noticeable plasma cells dispersed through 
the tumour. Sometimes the infiltrate at stage C contains many immunob-
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a 

Fig. 7a,b. Jejunal biopsies from a patient with IPSIO. Biopsy (a), done 3 years before (b), 
shows a monotonous plasmacytic infiltrate in the lamina propria; b shows more obviously 
cytologically malignant b lymphoid cells in the base of an ulcer. HE, x 400 (a), x 625 (b) 

b 

Fig. 8. Mediastinal node from a patient with IPSIO at a frankly lymphomatous stage 'with a 
diffuse neoplastic interfollicular infiltrate surrounding two surviving follicles. HE, x 100 
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Fig. 9. Higher power of part of the field in Fig. 8 showing a polymorphic B eel! infiltrate. The 
pattern of infiltration shown in Fig. 8 and the cytological components shown in Fig. 9 arc 
typical of a low grade polymorphic B eel! lymphoma. and suggest that IPSID is a variant of 
this neoplasm. HE. x 625 

lasts and the histological picture is markedly polymorphic (Fig. 7 b). Lym
pho-epithelial lesions are also present at this stage. The tumour is thus a 
polymorphic B cell lymphoma and when it involves nodes the pattern of 
involvement and cytological appearances are those of a polymorphic B cell 
lymphoma (see Sect. 9.1 and also Fig. 8 and 9). It seems most logical to 
regard Mediterranean lymphoma as a subgroup of polymorphic B cell lym
phoma with a peculiar natural history, geographical and anatomical dis
tribution. 

Cytoplasmic alpha chain can be consistently demonstrated in the 
plasma cells in such tumours, but not in the more obvious tumour cells. 
Monotypic light chains were said to be present only in tumour cells and 
not in the plasma cells until ISAACSON and PRICE (1985) recently demon
strated the same monotypic light chains in both the plasma cells and other 
tumour cells of some cases. This evidence and the more recent gene rear
rangement studies (SMITH WJ et al. 1987) have indicated that the plasma 
cells and the other tumour cells are of the same monoclonal origin. The 
absence of immunohistochemically detectable light chains from some cases 
means that in such cases monotypia is not demonstrable by this technique. 

Spread of Mediterranean lymphoma outside the abdominal cavity is 
rare until the terminal stages of the disease, but surgery is not always effec
tive because of the characteristically extensive involvement of the bowel. 
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Fig. 10. Malignant lymphomatous polyposis (centrocytic lymphoma) of colon 

Radiotherapy and chemotherapy have been tried. The unique feature of 
this disease is the long-term remissions which may be induced by broad 
spectrum antibiotics in its early stages. 

9.3 Centrocytic Lymphoma 

In our experience of primary gut lymphomas, this type is the basis of the 
lesion known in the literature as multiple or malignant lymphomatous 
polyposis (BLACKSHAW 1980; ISAACSON et al. 1984). Most older reports 
suggest that any lymphoma, including Hodgkin's disease, may be the basis 
of malignant lymphomatous polyposis. This mistaken view arose for two 
reasons: first , centrocytic lymphomas were only recognised as a distinct 
entity in relatively recent times (LENNERT 1978); secondly, multinuclear 
macrophages in this condition have sometimes been interpreted as Reed
Sternberg cells. The first decription of malignant lymphomatous polyposis 
is attributed to Briquet and appears , accompanied by illustrations in 
Cruveilhier's Atlas (1835-1842). Here it is entitled "Maladies des follicles 
de l'eestomac, du duodenum, de l'intestin grele et du gros intestin" - an 
informative but somewhat cumbersome terminology. 

In our series, this lymphoma accounts for about 15% of all primary 
gut lymphomas. As with most lymphomas, it is a tumour of adults; our 
age range is 45 - 75, with a mean age of 55. It hardly ever presents with 
perforation (never in our series), due to the usually superficial infiltrate 
involving only mucosa and submucosa, often without ulceration. The sup-
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Fig. 11. Malignant lymphomatous polyposis (centrocytic lymphoma) of small bowel showing 
the dense infiltrate characteristically confined to mucosa and submucosa. The insert shows that 
the infiltrate is composed virtually entirely of centrocytes. HE, x 50. Insert, x 625 

erficial location of the infiltrate also accounts for the polypoid (Fig. 10) or 
sometimes convoluted cerebriform appearance of the mucosa. In our ex
perience virtually all purely centrocytic lymphomas are multiple, and ap
parently isolated involvement of a single part of the gut such as the colon 
or even a segment such as the rectum should be regarded with suspicion 
since there is usually more disease beyond the limits of clinical detection. 
Malignant lymphomatous polyposis therefore forms the exception to the 
rule that the principal treatment of gut lymphomas is surgical. The only 
hope of control of this disease lies with chemotherapy (Richards 1986). 
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Eventually in most cases, despite the contrary view expressed in earlier 
reports (CORNES 1961; SHEAHAN et al. 1971), a centrocytic leukaemia and 
peripheral lymphadenopathy develop (DAVIES et al. 1970; HALKIN et al. 
1973; FROMKE and WEBER 1974; BLACKSHAW 1980). The lymph nodes 
show a characteristically diffuse infiltrate of centrocytes. The prognosis is 
generally poor; CORNES (1961) states that most patients with malignant 
lymphomatous pol po sis are dead within 2-3 years. BLACKSHAW (1980) 
found a median survival of the order of 18 months. Our 11 large bowel 
cases represent the largest published series to date and showed a median 
survival of 2 years (SHEPHERD et al. 1988). 

Histologically, once the predominant cell has been identified as a cen
trocyte, the diagnosis of centrocytic lymphoma is relatively straightfor
ward. The tumour is composed of a monomorphic infiltrate of small or 
large centrocytes (Fig. 11). These cells resemble the centrocytes (cleaved 
cells) of the germinal centre of the lymphoid follicle. An admixture of in
flammatory cells, apart sometimes from large macrophages, is not usually 
seen in this lymphoma, as ulceration is a rare event. The infiltrate is usu
ally strictly confined to submucosa and mucosa, is diffuse or nodular, but 
does not display a true follicular pattern (Fig. 11). 

The tumour cells often show a very striking mitotic rate. As may be 
seen in nodal centrocytic lymphomas, bundles and strands of hyalinised 
collagen are a common feature. Lympho-epithelial lesions (see Sect. 9.1) 
are not a feature of pure centrocytic lymphomas. In paraffin sections the 
cells of centrocytic lymphomas react with most B cell paraffin markers. In 
frozen sections the cells of this tumour express Leu 1 (CDS) (ISAACSON 
et al. 1984) in contrast to the cells of polymorphic B cell lymphomas, 
which are negative for this marker (ISAACSON et al. 1986). 

9.4 Follicular Centroblastic/Centrocytic Lymphoma 

In most series of nodal lymphomas this is the commonest non-Hodgkin's 
lymphoma and that is certainly our experience. In the gut true primary 
centroblastic/centrocytic follicular lymphomas are very rare. They have to 
be carefully distinguished from low grade polymorphic B cell lymphomas 
with reactive and overrun follices (see above) and also from florid reactive 
hyperplasia. The criteria for distinguishing between reactive and neoplastic 
follicles in the gut are the same as in nodes and the distinction, though 
usually easy, can be very difficult. It is generally safe to assume that if 
there are reactive follicles present in a gut lesion, then it is not a follicular 
lymphoma. 

The very few cases of probable primary follicular lymphomas of the 
gut which we have seen also had mediastinal node involvement. One could 
argue that even they represent secondary gut involvement by primary 
nodal lymphoma. The literature on primary follicular lymphomas of the 
gut is too confused to allow any firm conclusions to be drawn on treatment 
and prognosis. 
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9.5 Burkitt-Type Lymphoma 

As a primary gastrointestinal lymphoma, Burkitt-type lymphoma, for
merly B lymphoblastic lymphoma, is classically seen in the ileocaecal 
region in children (BLACKSHAW 1980). However, we have observed several 
examples elsewhere in the small bowel, stomach and large bowel of adults. 
This tumour is often advanced at presentation, with extensive infiltration 
through all layers of the bowel wall. However, unlike high grade polymor
phic B cell lymphoma, Burkitt-type lymphoma is remarkably non-destruc
tive. Fissuring ulceration and perforation are not features. Indeed the 
lymphoma, although deeply invading and widely permeating, shows little 
destruction of the muscularis propria (BLACKSHAW 1980). Another pecu
liarity of this tumour is that it seldom invades mesenteric lymph nodes, 
which may be seen uninvolved, although surrounded by infiltrating tumour 
cells. Even after radical surgery, recurrence is common and early wide
spread dissemination, especially within the peritoneal cavity, is another 
problem. Adjuvant chemotherapy should always be given. 

The histological appearances of this tumour are characteristic. The 
tumour is composed of monotonous sheets of medium sized blast cells with 
little cytoplasm and a nucleus containing rather coarse chromatin with 
several inconspicuous nucleoli. The cells have a B phenotype. The very 
rapid cell turnover is reflected in the high mitotic index, wide areas of 
necrosis and the presence of apoptotic bodies. There may be plentiful reac
tive histiocytes containing these apoptotic bodies, and the liberal distri
bution of these cells gives the tumour its characteristic, although not uni
versal, starry sky appearance. 

9.6 Pure Centroblastic and Immunoblastic Lymphomas 

We now regard centro blastic and B immunoblastic lymphomas as ex
tremely rare gut primaries. We find it very difficult to pick out from our 
series, tumours which are composed of pure populations of either centro
blasts or B immunoblasts. Most tumours containing large numbers of cen
troblasts and/or B immunoblasts we now classify as high grade polymor
phic B cell lymphomas (see Sect. 9.1). However, should the reader prefer 
to regard such tumours as centroblastic or B immunoblastic lymphomas 
then the remarks above concerning behaviour, presentation, spread, treat
ment and prognosis of high grade polymorphic B cell lymphomas can also 
be applied to these lymphomas. 

That T immunoblastic lymphomas occur in the gut is now indisputable: 
large cell pleomorphic T cell lymphomas are essentially T immunoblastic 
tumours. T immunoblastic lymphomas, however, apart from the setting of 
coeliac disease, are relatively rare gut primaries, but do occur (MOUBAYED 
et al. 1987; SHEPHERD et al. 1987). 
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9.7 T Cell Lymphomas 

At the time of writing there has been no published systematic classification 
of primary T cell lymphomas of the gut. It is only recently that such a clas
sificaton has been proposed for T cell lymphomas of nodes (SUCH! et al. 
1987; STANSFELD et al. 1988). Descriptive terms have been applied to 
groups of gut T cell lymphomas, e.g. enteropathy-associated T cell lym
phoma (O'FARRELLY et al. 1986) and malignant lymphoma with 
eosinophilia (SHEPHERD et al. 1987), and such terms are in current usage. 
Our proposed classification of gut T cell lymphomas (Table 2) attempts to 
incorporate such terms within a framework which is in line with current 
Kiel nomenclature, the published literature and our own experience. 

It is generally agreed that enteropathy-associated T cell lymphomas 
exhibit a wide range of tumour cell appearance (ISAACSON and WRIGHT 
1980), from small pleomorphic to large pleomorphic cells, though in most 
cases medium to large cells predominate. Also we have certainly seen 
tumours morphologically identical to enteropathy-associated T cell lym
phomas, but outwith the context of coeliac disease (enteropathy). It there
fore seems sensible to us to employ Kiel terms such as small/medium/large 
cell pleomorphic T cell and to indicate whether or not such tumours are 
associated with enteropathy. Our own experience of primary T cell lym
phomas of gut comprises oVer 50 cases of pleomorphic T cell lymphoma, 
about half of which are enteropathy (coeliac disease) associated, and in
cluding 28 cases of malignant lymphoma with eosinophilia (SHEPHERD 
et al. 1987), eight of which are coeliac associated. We have also seen one 
small cell T cell tumour which showed very marked epitheliotropism, and 
one large cell anaplastic T cell lymphoma associated with Crohn's disease 
(SHEPHERD et al. 1989). The vast majority of our T cell lymphomas are in 
small bowel, but we have seen occasional examples in stomach, as have 
others (MOUBAYED et al. 1987), and colon. Pleomorphic T cell lymphoma 
and its subgroup malignant lymphoma with eosinophilia are considered in 
more detail below (Sects. 9.8 and 9.9). 

9.8 Pleomorphic T Cell Lymphoma 

We favour this term to "enteropathy-associated T cell lymphoma" (ISAAC
SON et al. 1985; LOUGHRAN et al. 1986; O'FARRELLY et al. 1986) as this 
tumour is not exclusively related to coeliac disease. Until 1985 it was 
widely known as malignant histiocytosis of the intestine (ISAACSON and 
WRIGHT 1978, 1980) in the mistaken belief that the tumour cells were true 
histiocytes, but there is now convincing evidence that it is a T cell tumour 
(ISAACSON et al. 1985; SALTER et al. 1986). the relationship between this 
tumour, coeliac disease and ulcerative jejunitis is discussed in Sect. 7.1. 
Recent studies have indicated that there are immuijophenotypic 
similarities between normal T lymphocytes that are found in association 
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Fig. U. A non-enteropathy,associated pleomorphic T cell lymphoma of jejunum. Large neo
plastic pleomorphic T cells are scattered amongst small inflammatory lymphoid cells. The 
appearances are indistinguishable from enteropathy-associated pleomorphic T cell lymphoma. 
HE. x 625 

with the surface epithelium and the neoplastic cells in enteropathy-as
sociated pleomorphic T cell lymphomas (ISAACSON et al. 1987). 

This tumour occurs particularly in the fifth to seventh decades with an 
equal incidence in males and females. Presenting features include return 
of steatorrhoea in a previous responder to a gluten-free diet. weight loss, 
abdominal pain and diarrhoea. Pyrexia, finger clubbing and an ichthyotic 
skin rash are sometimes seen (HODGES et al. 1979). Perforation of the 
tumour with peritonitis is common and this may recur following surgery. 
Some cases present with peripheral lymphadenopathy due to disseminated 
tumour. 

Macroscopic appearances are variable. The tumour may occur in any 
part of the small intestine, but is most common in the jejunum. It is often 
multifocal, appearing as multiple ulcers or strictures or alternatively as 
larger plaques, nodules or areas of diffuse thickening. The mesentery is 
often tickened and mesenteric lymph nodes are often enlarged. Sometimes 
there is no obvious macroscopic lesion. 

The histological appearances are also very variable. At one end of the 
spectrum one sees a predominantly mixed inflammatory infiltrate contain
ing only occasional tumour cells of relatively bland appearance, but with 
large irregular indented nuclei (Fig. 12). At the other end of the spectrum 
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one finds sheets of clearly malignant cells also with large somewhat less 
irregular nuclei and showing a high mitotic rate. The inflammatory infil
trate sometimes contains abundant eosinophils and the picture merges 
with malignant lymphoma with eosinophilia (see below). Pleomorphic T 
cell lymphoma, like many other primary gut lymphomas, may diffusely in
filtrate blood vessel walls, and is also sometimes associated with a 
granulomatous response (ISAACSON and WRIGHT 1980). When lymph nodes 
are involved it is predominantly the T zones which are infiltrated and here 
it may be easier to recognise the neoplastic nature of the process as there 
may be fewer associated inflammatory cells than in the bowel wall. 

In the majority of cases the tumour is disseminated when the diagnosis 
is made. Mesenteric lymph nodes are first involved, but spleen, liver and 
bone marrow are common sites and in these the subtle nature of the malig
nant infiltrate can easily be missed unless searched for very diligently. The 
prognosis is generally regarded as poor though exact survival figures are 
not available. 

9.9 Malignant Lymphoma with Eosinophilia 

In our series of primary gut lymphomas. which now stands at over 250 
cases, we have observed 28 cases of a lymphoma with distinctive histologi
cal features, characterised by a massive tissue eosinophilia (SHEPHERD 
et al. 1987). The relatively high incidence in our series, we are sure. does 
not reflect the state of affairs in a standard population as many of these 
cases were secondary referrals due to local difficulty with the diagnosis. 
We were most often asked - is this reactive or neoplastic, or could it be 
Hodgkin's disease? Two of the tumours were present in the stomach 
(Fig. 13) and 26 in the small intestine. Eight of the latter were associated 
with coeliac disease. 

On low power microscopy a characteristic zoning phenomenon was re
gularly seen. This comprised an innermost zone consisting of an ulcer base 
of fibrinous debris with extensive tissue necrosis and granulation tissue; 
beneath this was a cellular zone with the areas of intense tissue 
eosinophilia and scattered neoplastic lymphoid cells (Fig. 14); the outer
most zone was densely fibrotic, of variable depth and in most cases re
placed the muscularis propria. This zone contained numerous eosinophils 
and capillary blood vessels, but tumour cells were scanty or absent. Fissur
ing ulceration with perforation and fistula formation were common find
ings. High power examination showed the tumour cells to be large and 
pleomorphic with irregular nuclear morphology and prominent nucleoli 
(Fig. 14). Though eosinophils were the predominant associated inflamma
tory cells. plasma cells, epithelioid histiocytes and small lymphocytes were 
also present. Veins often showed invasion of walls and luminal narrowing. 
Both arteries and veins, particularly in the fibrotic zone, showed intimal 
fibrosis. Involved lymph nodes showed gross expansion of the paracortex 
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\cm 1\ 
Fig. 13. Malignant lymphoma with eosinophilia of stomach, showing full thickness involve
ment and ulceration 

Fig. 14. Malignant lymphoma with eosinophilia of jejunum. Scattered, large pleomorphic T 
lymphocytes, confirmed by membrane staining with UCHLl, among abundant eosinophil 
polymorphs showing no cytoplasmic or membrane staining. UCHLl immunoperoxidase, 
x 500 
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by tumour, often with relatively fewer eosinophils than in the primary 
tumour. Immunohistochemical studies (Fig. 14) showed that the lym
phoma was probably of T cell origin (SHEPHERD et al. 1987). 

Of 24 patients on whom we had full clinical follow-up information, 12 
had died at a mean of 11 months from the time of diagnosis. Most of the 
survivors were recently diagnosed, but two had survived for 12 and 13 
years respectively. Surgical resection was the mainstay of therapy. There 
was no evidence in our series that radiotherapy or chemotherapy was 
useful. 

10 Immunohistochemistry and Gene Rearrangement Studies 

These techniques have an important role in research into the biology of 
gut lymphomas. Their diagnostic role is more limited but, in certain cir
cumstances, important. Most diagnostic problems concerning gut lym
phomas do not become apparent until after the specimen is fixed and 
paraffin sections have been examined. We shall therefore concentrate on 
markers which may be employed with paraffin sections. 

One recurring problem, particularly with high grade gut lymphomas, is 
their distinction from anaplastic carcinomas. This can now be achieved in 
most instances in paraffin sections by the use of antibodies to leucocyte 
common antigen (CD4S), which react with most lymphomas, and an
tibodies to various cytokeratins (particularly CAM 5.2) which react with 
most carcinomas (GAITER et al. 1984; DEAN et al. 1987). Antibodies to 
epithelial membrane antigen are, in our view, generally less useful in mak
ing this particular distinction as they react with some lymphoid cells as well 
as most epithelial cells (DELSOL et al. 1984; HALL et al. 1988 a). 

There is now a range of monoclonal antibodies commercially available 
which will distinguish the B cell, T cell, or macrophage lineage of cells in 
paraffin sections (SHEPHERD et al. 1987, 1988; HALL et al. 1988 a). We 
have found it necessary in our studies to employ panels of antibodies to 
be sure of the lineage of tumours (SHEPHERD et al. 1987, 1988). Great care 
must be exercised in interpreting the results of UCHL1 staining, where 
only distinct cell membrane positivity can be taken as evidence of T cell 
phenotype. 

Another problem area in which immunohistochemistry can sometimes 
help is in the distinction between reactive and neoplastic lymphoid infil
trates. The demonstration of immunoglobulin light chain restriction is use
ful evidence in favour of a clonal population and thus is supportive of a 
diagnosis of lymphoma. Until recently only cytoplasmic immunoglobulin 
could be demonstrated in formalin-fixed paraffin-embedded tissues and 
surface immunoglobulin required cryostat sections for its demonstration. 
However, the use of the ABC (avidin biotin complex) system (Hsu et al. 
1981; NORTON and ISAACSON 1987; HALL, unpublished) and the IGS (im-
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munogold silver) methods (HOLGATE et al. 1983; SMITH G et al. 1987) 
now allows surface immunoglobulin to be reliably demonstrated in conven
tionally processed material. Such methods are of great value in the assess
ment of light chain restriction. Similar methods for the demonstration of 
clonal T cell populations using immunohistochemistry can still only be per
formed on cryostat sections and are not yet widely applicable (CLARK 
et al. 1986). 

Ideally, tissue from all suspected gut lymphomas should be snap-frozen 
and stained with the full range of immunohistochemical markers routinely 
employed for nodal lymphomas. It is only through the use of frozen tissue, 
at present, that one can distinguish between subsets ofT lymphocytes, e.g. 
helper and suppressor, and even more precisely characterise such tumours. 
Such information is certainly of histogenetic interest though not currently 
of therapeutic importance. Frozen tissue is also required for the detection 
of CD5 immunoreactivity which is present in centrocytic lymphomas, but 
not in polymorphic B cell tumours, though other means of making this 
differential diagnosis are usually reliable. 

Gene rearrangement studies are not routinely available in most hospi
tals. However, such techniques have already proved useful in settling argu
ments regarding the lineage of certain tumours. Demonstration of rear
ranged T cell receptor beta chain genes (ISAACSON et al. 1985) has helped 
to confirm that lymphomas complicating coeliac disease are predominantly 
of T cell type and not histiocytic. In IPSID, the demonstration of mono
clonal heavy and light chain gene rearrangements at all stages of the dis
ease has suggested that it is neoplastic even in its early stages despite re
sponsiveness to antibiotics (SMITH WJ et al. 1987). Similar studies in pa
tients with IPSID have so far failed to detect the same gene rearrange
ments in circulating cells in humans, suggesting that such malignant cells 
do not belong to a recirculating pool. Further studies of this type can be 
expected to advance our understanding of this enigmatic group of 
tumours. 

11 Concluding Comment 

The main fuction of gut-associated lymphoid tissue is to provide an adap
tive protective mechanism to help defend the body from exogenous anti
gens. This complex function requires the co-ordination of various cellular 
elements including Band T lymphocytes, macrophages and the epithelial 
cells of the gut. The control mechanisms for this are largely unknown but 
almost certainly involve humoral factors acting in a paracrine and auto
crine manner, and direct cell-cell interactions. Disruption of these mecha
nisms must be involved in, and is likely to be fundamental to, the develop
ment and behaviour of gut lymphomas. Although conventional histopatho
logy is likely to remain the mainstay of diagnosis and patient management, 
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it seems probable that further significant advances in the understanding, 
diagnosis and therapy of gastrointestinal lymphomas will require a greater 
knowledge of these control mechanisms and the molecules invoived 
therein. 
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Addendum 

Since the completion of this chapter several important advances have been 
reported in our understanding of the molecular basis of the immune sys
tem of the gut. BUTCHER and colleagues have reported the preliminary 
characterisation of an evolutionarily highly conserved series of endothelial 
antigens (Wu et al. 1988) that are involved in the homing of lymphocytes 
to gastrointestinal (STREETER et al. 1988 a) and nodal (STREETER et al. 
1988 b) sites and the fact that these interactions can be blocked by specific 
antibodies. Such mechanisms are of obvious relevance to the characteristic 
localisation of gastrointestinal lymphoma. A second advance has been the 
recognition that T lymphocytes associated with epithelia, and in particular 
gastrointestinal epithelia, do not employ the a ~ heterodimer T cell recep
tor as seen in nodal T lymphocytes. Instead a second pair ofT cell receptor 
genes are used, y and 0 (BONEVILLE et al. 1988; GOODMAN and LEFRAN
COIS 1988), which may be phylogenetically older and serve a specific de
fence function at epithelial sites (JANEWAY 1988; JANEWAYet al. 1988). This 
does, however, lead to a paradox: why have some primary gut T cell lym
phomas been shown to have rearranged ~ T cell receptor genes? 

That T lymphocytes of the gut, and tumours derived from them, differ 
from nodal T cells is supported by the recent observations of SPENCER 
et al. (1988) and STEIN et al. (1988), who have reported independently 
that the antibody HML-1 recognises intra-epithelial gastrontestinal T lym
phocytes and associated tumours. Although purported to be a marker of 
enteropathy-associated tumours (SPENCER et al. 1988), we consider this 
claim to be premature in view of the small number of enteropathy-as
sociated cases (n = 9) so far reported, and the complete absence of non
enteropathy-associated gut lymphomas in the reported series. HML-1 may 
well prove to mark gut-associated Tcelllymphomas regardless of an associ
ation with enteropathy, and the nature of the antigen recognised will cer
tainly be of interest. 

These recent data concerning molecular aspects of the immune system 
of the gut and its associated tumours strengthen the argument for a sepa-
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rate, site-specific, nomenclature. Since submission of this manuscript we 
have proposed such a classification which is similar to, and extends, that 
described in this chapter (HALL et al. 1988 c). We hope that this interim 
classification is seen as a pragmatic approach to the subject, given our pre
sent imperfect understanding of the immune system of the gut. We are 
aware of the meeting of the European Association of Haematopathology 
(Geneva, April 1988) in which a consensus on a provisional classification 
of gut lymphomas was reached (as yet unpublished) and we understand 
from discussions with delegates that this view is not dissimilar from that 
proposed previously (HALL et al. 1988 c) and in this chapter. 
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1 Introduction 

Diagnosis based on histopathological or cytopathological assessment fre
quently shows considerable interobserver variation. More efficient ex
change of information over recent decades has improved diagnostic stan
dards but the subjective nature of the interpretation involved means that 
the standardisation available in other branches of laboratory medicine 
cannot easily be achieved. For example despite detailed and widely publi
cised attempts to achieve more uniform assessment of dysplasia in gastric 
(MORSON et al. 1980; MING et al. 1984) and in colonic mucosa (RIDDELL 
et al. 1983) there is still widespread variation even among histopathologists 
experienced in this field. 

The application of quantitative methods as an adjunct to routine inter
pretation of histological sections can provide more objective and repro
ducible assessment. Such application remains time consuming in spite of 
the introduction of computer-assisted methods and is unlikely to become 
part of every-day histological methodology in the foreseeable future. 
Nonetheless simple morphometric methods have proved useful in the diag
nosis of jejunal villous atrophy in coeliac disease (DUNNILL and 
WHITEHEAD 1972) and in histological diagnosis of reflux oesophagitis 
(ISMAIL-BEIGI et al. 1970) over a number of years. 

Application of morphometry may help direct the attention of the 
pathologist to particular cytological or architectural features within tissue 
sections which are especially relevant in the circumstances under consider
ation. The highlighting of such features together with identification of 
other features which are of little diagnostic importance may improve the 
accuracy of subjective assessment. 

The purpose of this chapter is to outline current methods of quantita
tive analysis and review the application of such methods to gastrointestinal 
pathology. 

2 Quantitative Methods 

2.1 Morphometry 

Histological examination of tissue is carried out on thin sections. This 
essentially produces a two-dimensional image of the tissue, but contains 
much information about the processes involved in the three-dimensional 
tissue structure. Pathologists are trained to recognise patterns from these 
two-dimensional images which relate to the pathology of the tissue as a 
whole. Image analysis is only one of several potential sources of error in 
reaching a diagnosis but is fundamental to the process (LANGLEY et al. 
1983). Visual images, however, are not easy to analyse objectively, and are 
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open to subjective interpretation. Morphometry permits derivation of 
quantitative geometric information from two-dimensional images. The 
relevance of this information to the histopathology of the tissue under 
review may then be determined. Quantitation of the histological image is 
objective, reproducible and produces numerical data about the size, shape, 
volume and number of histological elements or compartments which make 
up the tissue. These data can then be analysed statistically. 

Morphometry can be divided into two forms of measurement. First 
'planimetry', which takes into account measurement of two-dimensional 
geometric parameters (e.g. nuclear area, perimeter, diameter, nuclear
cytoplasmic ratio, number of mitoses per unit area, linear measurements 
of distance). These are direct measurements derived visually from the 
histological image. Second, there is 'stereo logy' , which involves the mathe
matical derivation of three-dimensional parameters from the two-dimen
sional information available in the histological image (UNDERWOOD 1970; 
WEIBEL 1969). Stereo logical parameters generally include volume density 
measurements of various tissue compartments (e.g. lamina propria, ep
thelium). Planimetry and stereology, whilst producing very different infor
mation, are closely related and supplement each other in the quantitative 
assessment of histological tissue (BAAK and OORT 1983). 

Morphometric measurements are carried out using three main techni
cal methods. These may be termed (a) manual linear measurement or 
point-counting methods, (b) semi-automatic image analysis, and (c) fully 
automatic image analysis, and are of increasing technical complexity. 
Detailed accounts of these have been published previously outlining the 
mathematical background, potential applications, limitations and pitfalls, 
and the serious student should refer to these standards works (WEIBEL 
1979; BRADBURY 1979; AHERNE and DUNNILL 1982; BAAK and OORT 
1983). Only a brief discussion on each will be given here. 

2.1.1 Manual Methods 

In their simplest form manual methods involve direct linear measurement 
on a histological section using a micrometer attached to the microscope or 
on an enlarged projected image of the tissue section. Much of the original 
work related to villous atrophy in coeliac disease was based on such 
technique used alone (THURLBECK et al. 1960; SHINER and DONIACH 
1960), or in combination with point counting (RUBIN et al. 1960). Point
counting involves derivation of quantitative measurements from a two
dimensional image by superimposing over the image a system of lines or 
points. The number of times the boundary of the feature under investiga
tion intersects the lines, or the number of points which fall within the 
boundary, can be used to estimate the surface area or volume of the his
tological feature. Various mathematical formulae are used to derive mor
phometric variables in this way (AHERNE and DUNNILL 1982; WEIBEL 
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1979). This approach to morphometry was essentially devised for analysis 
of ultrastructural images but has also been used at light microscope level. 
It is an inexpensive method but can be very time consuming, especially 
when a large number of cases have to be measured. 

Manual methods have previously been used successfully to quantitate 
the features of gastrointestinal mucosa, including surface/volume ratio 
(DUNN ILL and WHITEHEAD 1972), and the number of cells in the lamina 
propria of duodenal biopsies (WHITEHEAD et al. 1975). A recent detailed 
study on gastric dysplasia (TOSI et al. 1987) shows that manual point
counting techniques are very useful for estimating the volume density of 
various architectural components and the surface density and shape of 
mucosal glands, even in comparison with computer-aided methods. 

2.1.2 Semi-automatic 1mage Analysis 

Image analyis is a term which, strictly speaking, may encompass any as
sessment of an image, including the examination of a histological slide by 
a pathologist, and the manual methods previously mentioned. Generally, 
however, the term is associated with computer-linked quantitation of an 
image, which is faster and less labour intensive than manual methods. 

Semi-automatic image analysis (SAl A) is so called because although a 
computer is employed to calculate various geometric parameters, an 
operator is required to trace the individual elements to be measured. This 
is generally carried out using a graphic tablet and electromagnetic stylus 
or a 'light pen'. Images placed on the tablet (in the form of a projected 
image or photomicrograph) or transferred to a television monitor with 
graphic tablet overlay can be traced with the stylus. This tracing action is 
recorded by the tablet, which inputs into the computer the x- and y-coordi
nates of each point the stylus moves over. Instruments are available with 
specifically programmed software which allows geometric parameters to be 
calculated from these coordinates. 

In this way nuclear or cellular outlines can be traced from a highly 
magnified histological image, and several variables calculated simulta
neously for each nucleus or cell (Table 1, part I). In addition the area of 
various architectural components (Table 1, part II) can be easily measured. 
i.e. mucosal area, epithelial area etc. (SLAVIN et al. 1980; CORAZZA et al. 
1985; ALLEN et al. 1988 a). In addition to measurements related to area 
and shape, SAIA systems usually allow the operator to make linear mea
surements of length or distance (Table 1, part III). This can be used to 
measure accurately parameters such as mucosal thickness, crypt length and 
derived features such as length of epithelium per millimetre of muscularis 
mucosa (JENKINS et al. 1985; ALLEN et al. 1988 a). In previous work 
(HAMILTON et al. 1987 a) the authors used linear measurement to give an 
estimation of nuclear stratification by measuring the distance between the 
top of the nucleus and the cell apex (N -C AP Dist.) and the basement 
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Table 1. Possible variables that may be measured using a semi-automatic image analyser 
(Kontron: MOP Videoplan) 

Variable Description Application 

Area Measurements related Cells 
Perimeter to enclosed structures, Nuclei 
Longest Axis i.e. spheres, ellipses etc. Nucleoli 
Shortest Axis 
Dia. Circle 
Form Factor PE 
Form Factor AR 
Vol. Ellipse 
Vol. Sphere 

II Area Pure measurement of Mucosal area 
area with no associated Epithelial area 
parameters Vascular area 

Nuclear-cytoplasmic ratio 

III Length Linear measurements Nucleus-cell apex distance 
Direct distance Nuclear 
Angle Basement membrane- Stratification 

nucleus apex dist 
Mucosallcngth 
Crypt Length 
Nuclear Polarity 

IV Density Number of elements Inflammatory cell Density 
occurring in a unit Cellularity 
area Number of mitoses 

B-NAPDisL 

o 
Fig. 1. Illustration of basement membrane to nuclear apex (8-N AP Dist.) and nuclear apex 
to cell apex distances (N-C AP Dist.) measured for each nucleus (HAMILrDN et al. 1987) 

membrane to nucleus apex distance (B - N AP Dist.) (Fig, 1), In the same 
study, they sought to estimate nuclear polarity by measuring the angle 
between the longitudinal symmetry line of the nucleus and the basement 
membrane and calculating its deviation from 90° (Table 1, part III) 
(Fig, 2), SAIA systems can be used to estimate the density of a particular 
cell within a particular field (Table 1, part IV). This entails measuring the 
area of a microscopic field and counting the number of times the feature 
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Fig. 2. Assessment of nuclear polarity was made by measuring angle XO and calculating the 
difference between XO and 90° for each nucleus (HAMILTON et al. 1987) 

under investigation (inflammatory cell, mitoses etc.) occurs within that 
field (JENKINS et a!. 1985; WATTet a!. 1987). This can then be expressed as 
number of elements per unit area or unit length. 

Thus SAIA systems are versatile due to the fact that the operator can 
choose the feature to be measured and the morphometric parameters 
necessary to describe the feature. The process is, however, fairly time 
consuming and can be tedious for the operator. In a study of malignant 
mucosal changes in ulcerative colitis (HAMILTON et a!. 1987 a; ALLEN et a!. 
1987, 1988 a) morphometric parameters on 50 nuclei were measured in 
addition to assessment of nuclear-cytoplasmic ratio, nuclear stratification 
and nuclear polarity as well as six architectural measurements. Given 
familiarity with the image analyser, and this is readily achieved, the time 
taken to quantitate a single histological section varied between 1 and 2 
hours. The use of discriminant analysis to select the most important para
meters for separation of study groups can reduce the number of parameters 
which it is necessary to measure and consequently the time required. 

In our experience, SAl A is essential to the morphometric study of gas
trointestinal mucosa. Because of the anisotropic nature of gastrointestinal 
mucosa it is necessary to discriminate between the various architectural 
compartments and the different cell types within those compartments. 
SAIA systems retain the operator's ability to do this. He is responsible for 
recognising and defining the features or areas to be measured whilst the 
computer calculates the morphometric variables. The operator is free to 
measure areas of interest and to avoid areas where artefacts exist. 

Semi-automatic image analysis has been widely applied in gastrointes
tinal studies. It has been used to assess the nuclear and architectural mor
phometry of gastric (JARVIS and WHITEHEAD 1985; TOSI et a!. 1(87). je
junal (SLAVIN et a!. 1980; CORAZZA et a!. 1985). duodenal (JENKINS et a!. 
1985) and colorectal (BROWN et al. 1985; HAMILTON et al.1987 a; ALLEN 
et a!. 1987; ROSEKRANS et a!. 1980 b) mucosa. 

2.1.3 Automatic 1mage Analysis 

Automatic image analysers basically consist of a television camera at
tached to a computer-linked analysing system and are the most sophisti
cated of the three methods described. The two-dimensional histological 
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image is scanned by the T. V. system, which can detect the optical density 
or grey level (brightness or darkness) of the various parts of the image 
(OlA and COLLAN 1983). In this way dark and light areas can be sepa
rated. as can the varying intermediate grey areas. The computer can then 
create an enhanced digitised image of its own from the 'grey' values it 
receives and calculate morphometric parameters from the components it 
has detected from the image. Using this technique, nuclei (dark) can be 
separated from cytoplasm (light) and in this way, a field of 50 nuclei can 
be measured very rapidly in comparison with SAIA systems. Using grey 
levels to analyse an image applies to black and white images only as colour 
images need intensity levels for green. red and blue parts of the image 
(OlA and COLLAN 1983). 

Although these systems are termed fully automatic, only rarely can 
they be used without intervention by the operator in the measuring pro
cess. Problems in automatic image analysis tend to increase with the com
plexity of the image. Folds in the tissue section may be dark enough to be 
mistaken for nuclei, or two overlapping nuclei may be counted together as 
one cumulative area (BAAK and OORT 1983). Most systems do allow the 
operator to 'edit' the image in order to alleviate these problems but this 
may not be sufficient in some circumstances. For example in an area of 
epithelium showing high grade dysplasia. in which the nuclei are overlap
ping and stratified, an automatic system would have difficulty in distin
guishing between each nucleus due to lack of grey level discrimination. 
even with intervention 'editing' techniques. A semi-automatic system. 
however, has the advantage that the operator can identify the nuclei and 
measure only those with a clearly defined border. 

Automatic image analysis has been found to be useful in assessing nuc
lear morphometry of gastric cytological smears (WEINREB et al. 1984) and 
other isotropic tissues, and can rapidly quantitate nuclear features in such 
cases. Gastrointestinal mucosa as seen in a histological section, however, 
presents an image which is anisotropic and much more complex. This com
plexity increases the problems associated with automatic image analysis 
and for this reason with the technology at present available its application 
to gastrointestinal pathology is limited. 

2.2 DNA Content 

In pathological change. not only do alterations occur in the geometry of 
histological features, but measurable changes in the quantities of cellular 
constituents can also be recognised. The measurement of nuclear DNA 
content (ploidy) has emerged as a powerful tool for the examination of 
abnormalities found in malignant and premalignant tissue (BARLOGIE 

et al. 1980). 
Normal cells have a range of DNA content which corresponds to the 

different stages of the cell cycle. It ranges from the diploid DNA comple-
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Fig. 3 a, b. Diagrammatic representation of a normal DNA distribution with a diploid (GoIG,) 
DNA stem line, synthetic phase (5) and G/M peak and b aneuploid distribution showing an 
abnormal DNA stem line (A) which is distinguished from the normal Go/G, peak 

ment (Gu/G j ) through a DNA synthetic phase (S-phase) to double the 
diploid chromosomal number (G2) before the cell undergoes mitosis (M). 
The diploid DNA content (2C), therefore, doubles its value (4C) with a 
transitional increase in DNA content between the two (KIEFER and 
SANDRITIER 1976). In addition, some normal tissues, such as liver, possess 
increasing multiples (tetraploid, octaploid etc.) of the diploid DNA com
plement. DNA aneuploidy is defined as the presence of an abnormal DNA 
stem line which is distinguishable from the diploid stem line (QUIRKE and 
DYSON 1986) (see Fig. 3). In principle, two methods are used for the quan
titative measurement of DNA content. 

2.2.1 Photocytometry 

The simplest approach to estimating the amount of nuclear DNA is to 
stain the DNA (Feulgen stain) and measure the intensity of transmitted 
light through the stained nucleus. This is termed absorption 
cytophotometry and can be carried out on a histological section or cytolog
ical smear. It is based on the principle that the density of the stain is pro
portional to the DNA content, i.e. the more darkly stained a nucleus is, 
the greater the amount of DNA present. The transmitted light (unabsorbed 
by the stain) is detected by a photometer, and its intensity converted into 
units of optical density. 

The DNA within a nucleus, however, is not always evenly distributed 
throughout the nucleus (e.g. nucleoli. heterochromatin). This causes a 'dis
tributional error' when using absorption techniques, which may be cor
rected by taking several measurements within each nucleus for analysis 
(BAAK and OORT 1983) or by using an integrated scanning system. 

An alternative and more precise approach to quantifying DNA content 
is to stain specifically the DNA using a fluorescent dye. When the stain is 
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excited by a light source, the resulting fluorescence can be measured using 
a microfluorometer and quantified. (For a full discussion on fluorescence 
cytophotometry, see BOHM and SPRENGER 1968.) 

In both types of measurement, the DNA content of each nucleus mea
sured is usually plotted in the form of a DNA histogram which illustrates 
where the main populations of cells lie in relation to their DNA content, 
and from which information can be obtained regarding the stem line DNA 
content and the various stages of the cell cycle. 

As DNA content is measured in arbitrary units, it is necessary to obtain 
a diploid reference value with which to compare the population of cells 
under investigation. This reference value is taken from DNA measure
ments of cells known to have a diploid DNA content, e.g. lymphocytes, 
granulocytes. Ideally these reference nuclei should be measured from the 
same slide as the cells under investigation (BOHM and SANDRITTER 1975). 

Photocytometric techniques (principally those of fluorescence 
cytometry) have been used to investigate the significance of DNA content 
in oesophageal carcinoma (SUGIMACHI et ai. 1983), gastric adenocarcino
ma (INUI and OOTA 1965; SPRENGER et ai. 1974; BOHM and SAND RITTER 
1975) and the growth patterns of early gastric cancer (INOKUCHI et ai. 
1983). Similarly, photocytometry has been used to examine the ploidy of 
colorectal carcinomas (LEUCHTENBERGER et ai. 1954; STICH et ai. 1960; 
BOHM and SANDRI1TER 1975; FORSSLUND et ai. 1984; ENBLAD et ai. 
1985) as well as benign adenomatous polyps (STICH et ai. 1960) and 
dysplasia in ulcerative colitis (CUVELIER et ai. 1987). 

2.2.2 Flow Cytometry 

Technically, flow cytometry is a much more advanced method for measur
ing DNA content. Whilst photocytometric techniques are carried out on 
histological sections or smears, flow cytometry requires the tissue to be 
disaggregated and the cells dispersed in a monosuspension and stained 
using a DNA-specific fluorescent dye, e.g. propidium iodide. Initially, this 
was only possible on fresh tissue, but recently introduced methods allow 
formalin-fixed, paraffin-embedded tissue to be deparaffinised, disaggre
gated and converted into a nuclear suspension (HEDLEYet ai. 1983, 1985; 
SCHUTTE et ai. 1985; COON et ai. 1986). Using hydrodynamic methods, 
the cells are brought into a very narrow stream which intercepts a beam of 
light (either from a mercury arc lamp or more usually a laser). As each 
individual cell passes down the stream, it is interrogated by the light 
source, which the stain absorbs and re-emits at a longer wavelength. This 
emitted fluorescence is then directed to specific detectors and quantitated. 
For a detailed account of the principles of flow cytometry, see LOVETT 
et al. (1984) and QUIRKE and DYSON (1986). 

The advantage of such a technique is the extreme speed of the process. 
Between 1000 and 5000 cells/second can be analysed for their DNA con-
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tent. As with photocytometric estimations of DNA content, the data are 
presented as a DNA distribution (Fig. 3) but because of the large number 
of cells involved the degree of statistical significance is much greater 
(LovETTet a1. 1984). 

Because flow cytometry can now be carried out on paraffin-embedded 
tissue, archival material can be retrieved for analysis. This has prompted 
many comprehensive retrospective studies investigating the significance of 
ploidy in relation to prognosis, principally in colorectal carcinoma (WOL
LEY et a1. 1982; ARMITAGE et a1. 1985; MELAMED et a1. 1986; QUIRKE 
et a1. 1987 b). The significance of DNA content in gastric cancer and its 
prognosis has recently been examined (BENNETS et al. 1979; MACARTNEY 
et al. 1986; WYATTet a1. 1987). Colonic polypi (VAN DEN INGH et a1. 1985; 
BANNER et a1. 1987) and dysplasia in ulcerative colitis (MELVILLE et a1. 
1987) have also been investigated, and found to contain aneuploid cells. 

A major disadvantage of flow cytometry is that the morphology of the 
tissue is lost in the resultant suspension. As a result there may be uncer
tainty about the population of cells being analysed, and for this reason the 
worker must ensure that the block of tissue to be disaggregated contains a 
predominance of the cell he is interested in. If there is widespread abnor
mality within a tissue block it is likely that disaggregation will result in a 
suspension containing a predominance of abnormal cells. However, small 
lesions or focal areas of abnormality may be masked by the predominance 
of surrounding normal cells. MACARTNEY et a1. (1986) have drawn atten
tion to difficulties which arise in interpretation of flow cytometry results 
and in identifying aneuploidy. The influence of fixation is considerable, 
good fixation resulting in a much lower coefficient of variation. In addition 
histological factors such as pattern of growth correlate with S-phase frac
tions in gastric cancer, so for comparative studies several aspects have to 
be clearly defined. 

3 Statistical Analysis of Morphometric Data 

Quantitative studies produce numerical data derived from the histological 
features of the tissue in question. Statistical procedures must be employed 
in the analysis of the data in order to understand the significance of the 
measured variables. 

Statistical comparisons involving one variable are relatively simple and 
can be carried out on most basic statistical computer packages or as de
scribed in any standard statistical textbook. Morphometric studies, how
ever, generally involve the measurement of several variables (as many as 
15 in some studies) for each patient, patients often being divided into a 
number of clinical groups. These data are therefore multivariate, and as 
the variables are likely to be correlated in some way, they ought to be 
studied simultaneously and not as individuals. Multivariate statistical 
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techniques can achieve this and thereby elucidate relationships between 
variables and summarise the data. Such techniques usually require the use 
of a computer and suitable software packages. Generally, three multiva
riate techniques have been found valuable in analysing data derived from 
morphometric studies. 

3.1 Principal Components Analysis 

Principal components analysis is a useful technique in the initial evaluation 
of morphometric data as it attempts to reduce the multidimensional nature 
of the data into fewer dimensions. By examining variables simultaneously, 
it expresses the major sources of variation within the multivariate dataset 
as 'principal components'. The first component comprises the weighted 
combination of the variables which account for the maximum amount of 
variation in the data. The second component accounts for the maximal 
remaining variance after the first principal component has been extracted, 
and so on. In this way the overall dataset can be simplified into a few com
ponents responsible for decreasing amounts of variation. It may be possi
ble to give each component a descriptive name depending on which vari
ables are weighted heavily in the component and this may reveal an under
lying structure to the data (ALLEN et al. 1987). 

3.2 Discriminant Analysis 

Morphometric measurements are often made in order to determine their 
importance in distinguishing two or more predefined groups. A single mea
sured variable may give some discrimination between groups but usually a 
combination of two or more variables increases discrimination, giving a 
better separation. Discriminant analysis defines the weighted combination 
of variables which are best at discriminating the predefined groups. This 
combination of variables is termed a discriminant function. These variables 
can be identified and others discarded. In addition, an allocation or clas
sification rule can be derived from this combination of variables. The 
discriminatory effectiveness of this rule can be examined by calculating the 
percentage of cases correctly classified by the rule into the predefined 
histological groups. 

If a classification rule is evaluated on the data from which it was de
rived, falsely optimistic results may be obtained. For this reason, discri
minant analysis generally requires two sets of cases: a 'training' set from 
which the classification rule is derived, and a 'test' set of different cases 
on which the performance of the classification rule can be examined. 
If the discriminatory performance of the classification rule does not de
teriorate when tested on a new set of cases, it may then be used to allo
cate a 'new' case into one of the predefined groups. This may be of value 
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when investigating the use of morphometry in differential histological diag
nosis. 

If a test set of cases is not available, for instance due to lack of his
tological material, an alternative form of discriminant analysis can be 
applied to the training set. This technique is termed "jack-knifing" and 
involves each case being eliminated in turn from the analysis and classified 
according to a rule derived from the remaining cases. As each case is not 
involved in its own classification, this reduces the bias which is encoutered 
in using the training set alone to evaluate the classification rule. 

Discriminant analysis applied to morphometric data in the endome
trium has been described by BEZEMER et al. (1977). In the gastrointestinal 
tract discriminant analysis of morphometric data has been used to help dis
criminate between various grades of dysplasia, in the stomach (Tas] et al. 
1987) and in the colorectum (ALLEN et al. 1987). 

3.3 Cluster Analysis 

A prerequisite of discriminant analysis is the need for predefined groups 
on which to carry out the discrimination. These groups are usually defined 
using histological criteria which may be subjective and lacking in repro
ducibility. The basis of such a study (i.e. the grouping) is, therefore, not 
totally reliable and this introduces an underlying weakness into an other
wise objective study. For this reason, some workers have used cluster ana
lysis to group histological changes statistically without using predefined 
groups. 

Cluster analysis partitions a set of cases into groups (i.e. clusters) on 
the basis of the distance between cases in multidimensional space (cases 
which are close to each other will tend to fall in the same cluster). Various 
mathematical algorithms and measures of distance can be used to define 
clusters and in some methods the number of clusters to be identified can 
be specified. Thus the grouping of cases is carried out quantitatively, re
moving subjectivity from the analysis. 

The resulting clusters of cases can then be analysed in a normal statisti
cal fashion. The mathematically defined clusters can be compared with the 
histologically defined groups in order to examine the similarity between 
the effectiveness of the two methods of grouping cases. TasI et al. (1987) 
used such an approach to examine the morphometric characteristics of in
creasing grades of gastric dysplasia. JENKINS et al. (1985) used cluster ana
lysis to define quantitatively grades in duodenitis and proceeded to use dis
criminant analysis to examine discrimination between clusters. 

This is a highly simplified overview of complex statistical methods. It 
is unlikely that many pathologists possess the necessary knowledge of how 
best to analyse a particular dataset. For this reason it is wise to seek advice 
from a competent statistician at the outset of a morphometric study. 
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4 Application of Quantitative Methods in 
Gastrointestinal Pathology 

4.1 Oesophagus 

189 

The clinical assessment of oesophagi tis is notoriously difficult as symptoms 
may be atypical and the endoscopic appearance normal. In view of these 
problems, attempts have been made to establish histological criteria for 
non-ulcerative oesophagi tis. The presence of subepithelial lymphocytes 
does not indicate oesophagitis, and neutrophil infiltration, while being rel
atively specific, is an insensitive marker. In 1970 ISMAIL-BErGI et al. pro
posed the hypothesis that reflux causes accelerated exfoliation of epithelial 
cells with consequent basal zone hyperplasia and lengthening of stromal 
papillae. They showed that these features could be measured and estab
lished positive criteria for oesophagitis, namely basal zone thickening 
greater than 15% and papillary length greater than 66% of total epithelial 
thickness. These were based on a study of 33 subjects with and 21 without 
sUbjective and objective evidence of oesophageal reflux. Subsequently 
BEHAR and SHEAHAN (1975) applied less stringent criteria, i.e. basal zone 
height greater than 15% and papillary length greater than 50%, but these 
are less specific. 

These quantitative criteria for oesophagitis have not been universally 
accepted. SEEFELD et al. (1977) in a morphometric study found that reflux 
patients did not have basal zone hyperplasia and that elongation of stromal 
papillae had only a poor association with reflux. WEINSTEIN et al. (1975) 
found hyperplastic changes in over half the biopsies taken within 2.5 cm 
proximal to the gastro-oesophageal junction in asymptomatic subjects. 
These changes were not infrequent in more proximal biopsies. COLLINS 
et al. (1985) in a study of 56 patients concluded that the diagnostic use of 
the Ismail-Beigi criteria, while specific, was only moderately sensitive. In 
biopsies taken 5.0 cm proximal to the gastro-oesophageal junction 64% of 
patients with clinical and endoscopic evidence of oesophagitis fulfilled the 
criteria. 

The accurate measurement of papillary length and basal zone height 
requires relatively large well orientated biopsies preferably taken by a suc
tion technique. Grasp biopsies which can be taken during a routine endos
copy are often poorly orientated and frequently do not lend themselves to 
the relevant measurements. In order to get over this JARVIS et al. (1985) 
suggested that certain morphometric measurements made in poorly orien
tated oesophageal biopsies would give an indication of increased epithelial 
cell turnover and therefore provide an objective assessment of 
oesophagitis. They reasoned that increased mitotic division in the basal 
layer would result in more nuclei per unit length, elongated nuclei due to 
physical crowding, and smaller, more variable nuclear size due to a higher 
proportion of dividing cells. Other changes were postulated in the inter-
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mediate layer. The authors were able to detect statistically significant 
changes in the measurements they made in a group of patients before and 
after drug therapy for oesophagitis. HAMILTON et al. (1987 b), however, 
used similar morphometric measurements and showed poor correlation 
with reflux measured by 24-h oesophageal pH monitoring although they 
were able to demonstrate differences between those with and those with
out endoscopic oesophagitis. 

As yet no distinct improvement on the simple morphometric criteria of 
ISMAIL-BEIGI et al. (1970) has emerged. These criteria are easily and 
rapidly applied, provided a well orientated section is available, but the his
tological assessment of reflux oesophagitis remains relatively insensitive. 

In an investigation into the pathogenesis of bleeding from oesophageal 
varices, simple morphometric methods were applied to the histological 
examination of oesophageal transection rings from patients with varices. 
Results indicated that oesophagitis is not an important factor and that 
bleeding occurs from rupture of small superficial blood-filled channels 
within the squamous epithelium which connect with underlying larger ves
sels (SPENCE et a1. 1983, 1984). 

MUKADA et al. (1978) examined DNA content in oesophageal 
dysplasia and carcinoma using cytophotometry. DNA values were signifi
cantly increased in severe dysplasia and carcinoma in situ but this was not 
always the case in invasive carcinoma. 

4.2 Stomach and Duodenum 

4.2.1 Gastritis and Duodenitis 

Inflammatory changes in the stomach have traditionally been studied qual
itatively, widely used classifications being those of WHITEHEAD (1985) and 
OWEN (1984). Although these classifications are useful in routine surgical 
diagnosis their descriptive nature makes them difficult to use in investiga
tive circumstances where statistical analyses are necessary. Interobserver 
variation in the interpretation and grading of gastritis probably contributes 
to the confusion in the literature on the relationship between histological 
gastritis, endoscopic findings and symptomatology. In addition a wide 
range of inflammatory cell infiltration can be found in healthy volunteers 
(KREUNING et a1. 1978). 

An alternative approach is to ignore subjective grading of gastritis and 
to quantitate actual numbers of inflammatory cells. Thus PARL et al. 
(1979), using a quantitative technique, showed that alcoholic patients have 
a higher incidence of antral gastritis than non-alcoholics. In a detailed 
study of non-ulcer dyspepsia patients by TOUKAN et al. (1985), counts 
were made of inflammatory cells in gastric body, antrum and duodenal 
biopsies. This showed that patients with non-ulcer dyspepsia have signifi-
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cantly more neutrophils in both stomach and duodenal mucosa than con
trols. Duodenal mononuclear cells and eosinophils were also increased in 
the dyspeptic patients, albeit to a lesser extent than neutrophils. This did 
not apply to the stomach. Thus it appears from this study that active gas
troduodenal inflammation as characterised by neutrophils is a feature of 
non-ulcer dyspepsia. These authors maintain that much of the disagree
ment in the literature on this subject is due to lack of controls and objec
tive data in other work. 

A similar study was carried out by WATT et al. (1987), who measured 
mononuclear cells and neutrophils in the epithelium and lamina propria of 
both stomach and duodenum. Patient groups included those with duodenal 
ulcer, duodenitis, non-ulcer dyspepsia and controls. In essence this work 
showed that duodenal ulcer patients had significant degrees of gastritis in 
the antrum and fundus whereas duodenitis and non-ulcer dyspepsia pa
tients had lesser degrees not significantly different from controls. Further 
work showed that all three symptomatic groups had increased numbers of 
neutrophils in duodenal biopsies in either the lamina propria or 
epithelium, this being in broad agreement with TOUKAN et al. 's (1985) find
ings with respect to non-ulcer dyspepsia. It is tempting to suggest that 
duodenal ulcer, duodenitis and at least some cases of non-ulcer dyspepsia 
represent a spectrum of inflammatory gastroduodenal disease the activity 
of which is related to the numbers of mucosal inflammatory cells. Confir
mation of this speculation must, however. await further pathophysiological 
investigations. 

It appears, therefore, that quantitation of gastric inflammatory cells 
produces objective data which can be used to make statistical comparisons 
between patient groups. The major drawback is that for routine use or in 
the study of a large number of patients it is time consuming. HAMII.TON 
et al. (1987 c), however, showed that a more rapid semi-quantitative 
technique can be used. They compared the grading of biopsies by cell 
counting techniques with grading by a pathologist who assessed each 
biopsy with reference to a set of standard photomicrographs taken to 
represent obvious examples of each grade. This showed good correlation 
for assessment of gastric biopsies but not for duodenal biopsies. 

A number of studies have concentrated on the quantitative aspects of 
duodenitis. WHITEHEAD et al. (1975) studied 747 duodenal biopsies and 
graded each one subjectively from 0 to 3. Subsequent morphometric and 
stereological measurements of representative biopsies from each group 
showed statistically significant differences between them, thus justifying 
the subjective classification. JENKINS et al. (1985) used a different ap
proach in that they made morphometric and stereological measurements 
on duodenal biopsies and then applied cluster analysis to the data. Thus 
instead of comparing subjectively defined groups they used cluster analysis 
to generate groups based on the statistical association of histological 
changes. Detailed measurements of mucosal architectural features and var
ious cell counts (e.g. polymorphs, eosinophils) were made in each field. 
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From these measurements derived values were obtained as indications of 
villous atrophy (ratio of total length of surface epithelium to length of mus
cularis mucosa) and of mucosal oedema (area of lamina propria per unit 
length of muscularis mucosa). The most successful clustering was into three 
groups. Group I was considered to comprise normal biopsies and included 
cases which would fall into the mild duodenitis classification of 
WHITEHEAD et al. (1975). Group II biopsies were regarded as mild 
duodenitis and showed a plasma cell response, oedema with intra-epithe
lial polymorphs and gastric metaplasia. Group III (severe duodenitis) biop
sies were characterised by an appreciable polymorph response with villous 
atrophy but a decreased plasma cell response. The authors believe that 
quantitative statistical techniques have shown that mild duodenitis has in 
the past been overdiagnosed on the basis that such cases fall into the same 
group as 'normals'. The justification for this is not absolute since these au
thors did not use asymptomatic controls. However, the study does demon
trate that duodenitis can be divided into quantitative groups which roughly 
parallel the descriptive grading of WHITEHEAD et al. (1975). 

4.2.2 Gastric Dysplasia and Carcinoma 

Follow-up studies on patients with gastric dysplasia show that the lesion 
may regress, may not changc or most importantly may progress to car
cinoma (OEHLERT et al. 1979). This indicates the importance of accurate 
histopathological assessment of possible premalignant gastric biopsies. This 
area of gastric pathology has, however, been dogged by two problems: 
firstly the distinction between epithelial regenerative change and dysplasia 
and secondly the intra- and interobserver variation in the grading of 
dysplastic lesions. Both these problems are predictable since histological 
assessment of gastric dysplasia relies heavily on subjective criteria. Gastric 
dysplasia therefore appears to be a fruitful area in which to apply the vari
ous subjective techniques for quantitation. 

JARVIS and WHITEHEAD (1985) studied gastric dysplasia using compu
ter-aided morphometry. A large number of segments of epithelium were 
graded as regenerative, mild, moderate or severe dysplasia or cancer. Each 
segment was then subject to a series of detailed measurements aimed at 
quantitating the major cytological features of dysplasia such as nuclear
cytoplasmic ratio, nuclear size and variability, crowding of nuclei, nuclear 
elongation and epithelial thickness. Discriminant analysis was carried out 
which reduced the original variables to a set of three discriminant func
tions. The first function described over 90% of the variance in the data; 
the others contributed little. Of the first and most important function, nuc
lear area contributed the major part, followed by the standard deviation 
(i.e. the variability) of nuclear area. These criteria were related to nuclear 
size and thus the first discriminant function was termed 'nuclear size' 
factor. 
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Further analysis of the data produced a set of classification coefficients 
which were used to calculate classification scores for membership of a par
ticular case to the defined groups. The original cases were classified and 
predicted and actual groups compared. Overall only 46.9% of the cases 
were correctly classified but most errors occurred in the regenerative cate
gory. This study is helpful in that it shows the relative weight of the 
cytological criteria used by an experienced pathologist in his assessment 
and focuses attention on them. Hoewever, only cytological features were 
measured; architectural features were not considered. Furthermore as the 
authors state, the cases were initially classified using routine subjective 
criteria which may not have been correct. 

These two problems were addressed in a later study by TOSI et a!. 
(1987). These authors studied 54 consecutive antral biopsies in which 
agreement on the grade of dysplasia had been reached between four in
dependent pathologists. In addition to cytological measurements archi
tectural parameters were measured using point-counting and semi-auto
matic image analysis techniques. Discriminant analysis indicated that the 
volume density of glands (a measure of gland crowding and quantity of 
epithelium) and the nuclear distance (distance between the centre of grav
ity of the nucleus and the epithelial basement membrane, i.e. an indication 
of stratification) were the features of greatest importance in the first 
discriminant function, thus underlining the importance of architectural 
features. 

The authors recognised the need for a reliable training set in discrimi
nant analysis and the fact that this is not possible in gastric dysplasia due 
to its subjective nature. Therefore within the statistical analysis they 
employed cluster analysis, a statistical technique in which predefined 
groups are not required (see Sect. 3). Using eight stereological and mor
phometric parameters an analysis was carried out aimed at producing three 
clusters. The comparison of the three grades of dysplasia made by the 
pathologist (mild, moderate and severe) with the three clusters showed a 
total disagreement of 35.2% although no cases of mild dysplasia were clas
sified into cluster 3 and no cases of severe dysplasia into cluster 1. These 
authors therefore produced a quantitatiave method of classifying dysplasia 
which did not rely on predefined subjective groupings. As they point out, 
only follow-up prospective studies will indicate whether subjective or quan
titative grading is the superior predictor of prognosis. 

Morphometry has been used by a number of workers to assist the 
interpretation of gastric cytological smears. DANNO (1975) showed the 
importance of nuclear-cytoplasmic ratio in distinguishing benign from 
malignant gastric epithelial cells. BOON et al. (1981) carried out a detailed 
investigation of the use of morphometry on the cytodiagnosis of gastric 
smears. Measurements included nuclear perimeter, nuclear area, cell 
perimeter, cell area, nuclear-cytoplasmic ratio and their standard devia
tions. Discriminant analysis showed that a classification rule could be 
calculated using mean nuclear-cytoplasmic ratio and standard deviation of 
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nuclear area. This rule gave 100% correct classification of 33 test cases of 
known histology. In addition a further 39 cases were examined in which 
the initial cytodiagnosis was said to be difficult. This gave encouraging 
results with no false positives and only two cases wrongly categorised as 
benign. These authors advocated the use of morphometry routinely in dif
ficult cases in which 25 or more cells could be measured in order to refine 
cytodiagnosis. WEINREB et al. (1984) used a more sophisticated quantita
tive technique to distinguish normal from malignant gastric cells. In addi
tion to morphometric assessment they measured light absorbance of each 
cell. This produced. a computer-generated three-dimensional image in 
which the cell shape was represented by x- and y-axes while the light absor
bance (grey value) was represented by the z-axis. The grey values thus gave 
a quantitative measurement of hyperchromasia and irregularity of chroma
tin pattern. Statistical analysis gave 100% discrimination between benign 
and malignant cells, with the best discriminant factor being maximal grey 
area value in the core (representing nuclear staining intensity) followed by 
several features related to cell size. Thus the major cellular features assess
ed subjectively by the cytologist were quantitated. Quantitation success
fully distinguished between benign and malignant cells. 

Studies on DNA content of gastric carcinoma have produced variable 
results. PETROVA et al. (1980) examined the ploidy of a series of gastric 
cancers. Surprisingly they found that more differentiated adenocarcinomas 
showed aneuploidy whilst undifferentiated carcinomas showed diploid dis
tributions which did not differ much from those seen in normal cells. A 
similar trend to this was shown in a study by MACARTNEY et al. (1986), 
who also found no relationship between tumour stage and ploidy abnor
mality. This work supports an earlier study by INUI and OOTA (1965). 

These results contrast with those of INOKUCHI et al. (1983), who found 
that ploidy abnormalities were greater in advanced gastric carcinoma com
pared with early lesions. WYATT et al. (1987) found that, of a number of 
prognostic indicators assessed, stage-related factors (e .g. intramural 
spread, number of lymph nodes involved) related to prognosis but among 
grade-related factors only DNA aneuploidy was prognostic. 

MACARTNEYet al. (1986) point out that flow cytometry results are in
fluenced by other factors such as quality of fixation and histological growth 
patterns and must thus be interpreted with caution. 

Studies on DNA content of chronic atrophic gastritis have also pro
duced variable results. Using cytophotometry, WEISS et al. (1980) found 
that 7% of cases of atrophic gastritis studied showed increased prolifera
tive activity and carcinoma-like DNA distribution patterns. No comment 
was made as to the presence of dysplasia within these cases. Using flow 
cytometry, DEINLEIN et al. (1983) confirmed increased cell proliferative ac
tivity but no DNA aneuploidy in atrophic gastritis while TEODORI et al. 
(1984) reported DNA aneuploidy in almost 50% of cases examined. The 
findings of MACARTNEY and CAMPLEJOHN (1986) did not support this. 
They found evidence of DNA aneuploidy only in severe dysplasia or car-
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cinoma. Chronic atrophic gastritis with intestinal metaplasia and mild or 
moderate dysplasia showed diploid DNA tracings. 

4.3 Coeliac Disease 

Application of quantitative methods has contributed both to diagnostic ac
curacy and to better understanding of teh pathogenesis of coeliac disease. 
Using a method based on the point-counting technique devised by 
CHALKLEY (1943), RUBIN et al. (1960), noted that in jejunal biopsies in 
untreated coeliac disease epithelial surface area is significantly reduced 
and accompanied by blunting or loss of villi. Other workers using linear 
methods quantitated mucosal changes in coeliac disease. They recorded 
reduction in villous height, increased mitotic activity within crypts, in
creased mucosal thickness, reduction in the height of epithelial cells lining 
the villi and a reduction in the villous height to crypt depth ratio (SHINER 
and DONIACH 1960; THURLBECK et al. 1960). The importance of obtaining 
well orientated sections cut at right angles to the mucosal surface was re
peatedly emphasised (THURLBECK et al. 1960; RUBIN et al. 1960). Despite 
the limitations of the methods used (DUNN ILL and WHITEHEAD 1972), 
these observations have provided the basis for the histological diagnosis of 
coeliac disease, provided allowance is made for geographical variations. 
The value of reduced villous height to crypt depth ratio and mucosal sur
face to volume ratio as a marker of untreated coeliac disease has been 
repeatedly confirmed in adults (DUNNILL and WHITEHEAD 1972; SLAVIN 
et al. 1980; CORAZZA et al. 1985), and in children (ROSEKRANS et al. 
1981 a). 

DUNNILL and WHITEHEAD (1972) introduced a stereological method 
for quantitating small intestinal biopsies which obviated certain difficulties 
associated with linear measurement. This uses a template devised by 
WEIBEL (1963) to assess mucosal surface to volume ratio using the method 
devised by CHALKLEYet al. (1949). Assessment is rapid and can be applied 
to routinely processed paraffin sections. The value of a significant reduc
tion in surface to volume ratio as a marker of untreated coeliac disease 
was reinforced. This stereological method is cheap and highly efficient in 
distinguishing between biopsies from controls and patients with coeliac dis
ease. Its value has been confirmed when used to assess less marked mor
phological changes in giardiasis (WRIGHT and TOMKINS 1978). 

SLAVIN et al. (1980) described a semi-automatic computer-aided 
method of image analysis for quantitating jejunal biopsies. Using a 'light 
pen' to outline specific components of the histological section the volume 
occupied by each component is calculated by computer and in addition 
direct linear measurements can be carried out. Thus ratios such as mucosal 
height to crypt depth and epithelial volume to mucosal volume are easily 
calculated. Results confirm a significant reduction in both of these ratios 
in untreated coeliac disease. The volume of the lamina propria of the 
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mucosa is also increased, a feature which has been noted by other workers 
(GUIX et a1. 1979; DHESI et a1. 1984). 

This semi-automatic method has the advantage of using direct measure
ment of areas within the histological field rather than stereo logically de
rived estimates. It requires more expensive equipment than methods based 
on the use of a graticule and appears to take approximately the same 
amount of time as manual methods. In a rccent comparative study of mor
phometric methodology, CORRAZZA et a1. (1985) showed that computer
aided methods are no more efficient than cheaper stereological methods 
in distinguishing patients with coeliac disease from controls. Nonetheless 
the potential applications for such computer-based but observer-controlled 
equipment seem considerable. Similar methodology has been used to 
quantify morphological changes in jejunal mucosa in giardiasis (ROSE
KRANS et a1. 1981 a) and in food allergy (ROSEKRANS et a1. 1980a). 

In addition to studies based on mucosal architecture quantitation of in
dividual cell types within jejunal mucosa in coeliac disease has yielded 
much information. This work was stimulated by a report by FERGUSON and 
MURRAY (1971) of increased numbers of intra-epithelial lymphocytes 
(IELs) in relation to the number of villous epithelial cells in coeliac dis
ease. This increase reverted toward normal following treatment with glu
ten-free diet and appeared to be a useful marker of active coeliac disease 
in that such an increase in IEL numbers was not seen in other intestinal 
diseases. This finding has been challenged by others (GUIx et a1. 1979; 
MARSH 1980; CORAZZA et a1. 1984) who pointed out that when IELs are 
counted per unit length of muscularis mucosa, which is unaltered in coeliac 
disease, the numbers of these cells are not increased in comparison with 
controls, thus raising a question mark over the role of IELs in epithelial 
damage (MARSH 1980). Decreased numbers of IELs in untreated coeliac 
disease have been reported when the cells are counted overlying a fixed 
area of muscularis mucosa (MARSH 1980; CORAZZA et a1. 1984). This dis
crepancy arising between IEL counts in relation to epithelial cells or in 
relation to unit length of muscularis mucosa was confirmed when both 
methods of quantitation were applied in the same study (ROSEKRANS 
et a1. 1981 a; CORAZZA et a1. 1984). 

Careful observation by MARSH (1980) revealed increased flux of lym
phocytes across the basal lamina of the epithelium in jejunal mucosa in 
untreated coeliac disease. In addition there was increased blast transforma
tion and mitotic activity among IELs. These findings were interpreted as 
evidence of increased activation of the cells together with increased loss of 
lymphocytes into the gut lumen in association with desquamation of en
terocytes. All of these abnormalities reverted toward normal following 
treatment. 

Intra-epithelial lymphocytes in the jejunum have been identified as 
consisting predominantly of suppressor/cytotoxic T cells (SELBY et a1. 
1981 a, b). This is not altered in coeliac disease but further evidence of in
creased migration and stimulation of these cells in coeliac disease has been 
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provided by the identification of Leu-l and T2 antigens on an increased 
proportion of the cells (SELBY et al. 1983; MALIZIA et al. 1985). More T 
helper cells in the lamina propria were also stimulated, suggesting an alter
nation of immune tolerance to dietary gluten in coeliac disease (MALIZIA 
et al. 1985). 

While there is argument regarding absolute numbers of IELs in jejunal 
mucosa in coeliac disease, there appears to be general agreement that the 
density of the cells is increased. The role of these cells is uncertain. Quan
titation of IELs by LEIGH et al. (1985) over several days following low 
dose gluten challenge in treated coeliac disease patients showed that there 
is a significant increase in numbers, reaching a peak after 12 h and rever
ting towards normal after 60 h. This was not accompanied by any imme
diate mucosal damage. The authors thus questioned the significance of 
increased lymphoid infiltration in relation to mucosal damage. Nonetheless 
there is evidence of altered humoral and cell-mediated immunity in coeliac 
disease. The latter is reflected by reports of activation among IELs already 
mentioned and suppported by further evidence of altered cell marker 
patterns indicating an active cytotoxic role among IELs rather than simple 
passive crowding (JENKINS et al. 1986). 

Marked increase in proliferative activity among crypt enterocytes in 
coeliac disease has been well documented (WATSON and WRIGHT 1974) but 
mitotic activity amongst IELs is also increased. Quantitation of this in
crease by counting mitotic figures within 3000 IELs per specimen has been 
carried out (MARSH 1982). The results indicated a particularly high mitotic 
rate in coeliac disease or related conditions. separating this group from 
controls and other patients with gastrointestinal disease. The author recom
mends this as a reliable diagnostic feature in gluten-related disease. distin
guishing it from unrelated causes of mucosal flattening and cutting out the 
need to perform further biopsies (MARSH 1985). Caution regarding the 
value of this feature as a diagnostic indicator for coeliac disease or related 
conditions has been expressed. FERGUSON and ZIEGLER (1986) found that 
IEL mitoses increase in proportion to the numbers of IELs present and 
that high mitotic counts are not specific for coeliac disease. The counting 
technique in their study has been criticised (WHITEHEAD 1986; MARSH 
1986) and the value of IEL mitoses as a diagnostic feature of coeliac dis
ease defended (MARSH 1986). However. it is likely that the procedure will 
be reserved for research purposes or occasional problematical cases. 

4.4 Colorectal Disease 

Colorectal biopsies or operative specimens constitute a significant propor
tion of the diagnostic work-load of the general histopathologist. Applica
tion of quantitative methods to this material may improve the accuracy of 
diagnosis and assessment of disease severity in addition to providing in
sight into the pathogenesis of lesions produced. Furthermore construction 



198 J. M. SLOAN et al. 

of quantitative scoring systems can provide an index of prognosis in estab
lished disease. This section discusses the use of quantitation in various col
orectal disorders to elucidate their pathogenesis and diagnosis. 

4.4.1 Diverticular Disease and Abnormalities of Colorectal Muscle 

A fall in the consumption of dietary fibre in Western society has resulted 
in a high incidence of diverticular disease (PAINTER and BURKITT 1(75). It 
is thought that mucosal extrusion occurs as a consequence of raised in
traluminal pressure (PAINTER 1964) associated with an abnormality of the 
muscularis propria in the sigmoid colon (MORSON and DAWSON 1979). The 
width of both muscle layers is greatly increased but quantitation showed 
no evidence of hyperplasia or hypertrophy of muscle cells in either the 
circular muscle coat or the taenia coli (WHITEWAY and MORSON 1985). 
However, a marked increase in elastin content of the taeniae was noted. 
From these findings the authors postulate that there is contracture of the 
taenia due to increased elastin content with resultant concertina-like fold
ing of the circular muscle coat and bowel shortening. This results in short, 
segments of high intraluminal pressure between opposed circular muscle 
folds and subsequent formation of diverticular pouches. 

Simple morphometric techniques on ganglion and nerve fibre counts 
have contributed to the understanding and diagnosis of Hirschsprung's dis
ease and its related variants, such as aganglionosis and neuronal colonic 
dysplasia (MEIER-RUGE 1974). 

4.4.2 Chronic Inflammatory Bowel Disease 

The cause of ulcerative colitis and Crohn's disease remains unknown but 
recently some insight into their pathogenesis has been gained from studies 
enumerating cell populations and their functions (for overview see MAC
DERMOTT 1986). Mucosal biopsy plasma cell counting is a reliable, repro
ducible investigation (SELDENRIJK et al. 1986) and when linked to im
munoglobulin staining shows immunocyte numbers in ulcerative colitis to 
be increased by a factor of 4, predominantly due to a 30-fold increase in 
IgG-containing cells (BRANDTZAEG et al. 1974). KEREN and co-workers 
(1984) obtained similar results and others have confirmed elevated plasma 
cell counts to varying extents in the different immunoglobulin classes 
(ROSEKRANS et al. 1980 b). The total mucosal plasma cell counts correlate 
with the level of disease activity (ScoTTet al. 1983) and are predominantly 
IgG cells (STRICKLAND et al. 1975). It is postulated that antigen exposure 
leads to a local mucosal IgA and IgG immunoglobulin response and that 
these antibodies in turn may co-contribute to disease pathogenesis by im
mune cross-reactivity or complex formation (MACDERMOTT 1986). There 
is variation in the reporting of the relative distribution of the Ig classes in 
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Crohn's disease and ulcerative colitis and as to whether these profiles aid 
in their discrimination (VAN SPREEUWEL et a1. 1986). 

Mucosal quantitation has characterised the inflammation in non
specific proctitis (HYWEL-JONES et a1. 1973; JENKINS et a1. 1988). The 
number and type of immunoglobulin-containing cells (VAN SPREEUWEL 
et a1. ]985), total mucosal cellularity and the distribution of inflammatory 
cells within the lamina propria (JENKINS et a1. 1988) help to differentiate 
normal mucosa, acute infectious colitis and chronic inflammatory bowel 
disease. Bacterial colitis shows a preferential increase in IgA-producing 
plasma cells (SCOTT et a1. 1983; VAN SPREEUWEL et a1. 1985). Crohn's dis
ease and ulcerative colitis show increased cellularity, with disproportion
ately heavy inflammation in the deepest one-third of the mucosa (JENKINS 
et a1. 1988) consisting of IgA immunocytes (VAN SPREEUWEL et a1. 1985). 
Eosinophil numbers have been postulated to be an index of activity 
(SARIN et a1. 1987) and prognosis in proctocolitis (HEATLEY and JAMES 
1979) and mast cell counts have been established in normal mucosa (SAN
DERSON 1985) as a baseline for further investigation in disease (SARIN 
et a1. 1987). 

Using graticule measurements clinical improvement in ulcerative colitis 
correlates with normalisation of architectural variables such as mucous 
membrane thickness, crypt depth and epithelial height (NOGALLER et a1. 
1983). Normal mucosa, ulcerative colitis in remission and chronic active 
disease score differently on assessment of the features glandular lumen 
diameter, gland density and the linear space of lamina propria between 
consecutive glands (RUBIO et a1. 1982 a, 1984). Inflamed mucosa has en
larged, sparse glands set in abundant lamina propria (RUBIO et a1. 1982 b). 
Image analysis has shown the ratios of surface to mucosal epithelial 
lengths and surface to crypt epithelial heights, in combination with lamina 
propria cellularity, to be highly predictive for chronic inflammatory bowel 
disease (JENKINS et a1. 1988). Surface villous regeneration, which is one of 
the most reproducible biopsy criteria for assessing ulcerative colitis 
(GIARD et a1. 1985; SURAWICZ and BELIC 1984; DUNDAS et a1. 1987), has 
been confirmed with an increase in mucosal depth (THOMPSON et al. 
1985), due predominantly to inflammatory expansion of the lamina propria 
(ROSEKRANS et al. 1980 b; ALLEN et al. 1988 a), and also in the surface to 
mucosal epithelial lengths ratio (JENKINS et al. 1988). 

The difficulty in distinguishing some cases of ulcerative colitis from 
Crohn's colitis is reflected in morphometric studies. THOMPSON et al. 
(1985) found that no variables reliably separated the two. The most suc
cessful feature was the ratio of surface epithelial height to crypt epithelial 
height, which is significantly reduced in ulcerative colitis, probably reflect
ing increased surface damage in this condition. 

The role of quantitation in the diagnosis of premalignancy in chronic 
inflammatory bowel disease is discussed below. 
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4.4.3 Collagenous Colitis 

The term 'collagenous colitis' describes an unusual clinical syndrome of 
chronic watery diarrhoea associated with thickening of the mucosal sub
epithelial collagen table (LINDSTROM 1976, see pp. 219-227). The normal 
collagen layer is elaborated by the pericryptal fibroblast sheath and mea
sures up to 7 ~tm (GARDINER et al. 1974). In collagenous colitis the thick
ness of the layer can increase to 50 ~m and appears as an eosinophilic 
subepithelial hyaline band (NIELSEN et al. 1980). The exact relationship of 
the presence of a thickened collagen layer and chronic diarrhoea remains 
controversial (WILLIAMS and RHODES 1987). 

4.4.4 Transitional Colonic Mucosa 

Transitional colonic mucosa contains hyperplastic, branched glandular 
crypts composed of dilated goblet cells secreting sialomucins instead of the 
usual sulphomucins (FILIPE 1969). Controversy exists as to its biological 
significance (WILLIAMS 1985). It has been interpreted as an early premalig
nant change due to its frequent occurrence in the mucosa adjacent to colo
rectal carcinoma (FILIPE 1984). On the other hand it may occur secondary 
to mucosal inflammation, ischaemia or prolapse, and present in conjunc
tion with dysplastic or malignant tissues as a consequence of maturation 
from them (ALLEN et al. 1988b). Quantitation shows increased mucosal 
height in transitional mucosa (range 0.8-2 mm, normal range 0.4-
0.5 mm) (HAMILTON et al. 1988; SAFFOS and RHATIGAN 1977; LEvet al. 
1985). Densitometry confirms goblet cell O-acyl sialomucin levels inter
mediate between those of normal mucosa and carcinoma (DAWSON et al. 
1978). Analysis of multiple nuclear and cellular variables failed to show 
any differences from control mucosa or the trend encountered in other pre
malignant colonic conditions (see below). The suggestion that transitional 
mucosa represents early neoplastic change is not therefore supported by 
morphometry (HAMILTON et al. 1988). 

4.4.5 Epithelial Dysplasia 

Epithelial dysplasia is a precancerous lesion of the mucosa with a variable 
potential for progression to adenocarcinoma. It is present in sporadic 
colorectal adenomatous polyps, familial polyposis coli and a proportion of 
patients with long-standing ulcerative colitis. The recognition of dysplasia 
and assessment of its grade are subject to inter- and intra-observer varia
tion (BROWN et al. 1985; RIDDELL et al. 1983). It is assessed by architec
tural and cytological changes and both of these variables, along with esti
mation of nuclear DNA content, are amenable to quantitation. 
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Table 2. The percentages of aneuploidy found on flow 
eytometry of colorectal adenomas < 2 cm and > 2 em in 
diameter 

Polyp Diameter 

< 1 em 1 - 2 em > 2 em 

QUIRKE et a!. 19R5 b 1.5% 42% 

VAN DEN INGII ct a!. 19R5 0% 30% 50% 

4.4.5.1 Adenomatous Polyps 

201 

The histogenesis of tubular adenoma formation is postulated as glandular 
growth due to the infolding of proliferating surface epithelium between 
normal, pre-existing glands. The proliferative region in normal mucosa is 
confined to the lower one-third of the gland but in villous adenomas there 
is an increase in the proliferative region with extension of epithelial and 
mesenchymal proliferation up to the crypt neck, resulting in upward papil
lary projections (MASKENS 1979). Stereological (ELIAS et al. 1981) and 
scanning electron microscope studies of adenomas (PHELPS et al. 1979) 
confirm this, showing increased epithelial surface area thrown into villi 
consisting of branched folia and intervening crypts. Low resolution image 
analysis can separate normal mucosa, adenomas and adenocarcinoma 
using the following variables: the minimum diameter of glands. minimum 
distance between and number of neighbouring glands, and area and cir
cumference of glands (KAYSER et al. 1985). Ultrastructural analysis of nuc
lear size achieves similar results (SATO et al. 1981). Significant cytological 
features showing a morphometric trend between the grades of dysplasia 
in adenomas are: nuclear-cytoplasmic ratio, nuclear size variation and 
stratification (BROWN et al. 1985; SASSI et al. 1986. 

The concept of a dysplasia-carcinoma sequence is now well established 
(KONISHI and MORSON 1982), with evidence arising from several studies. 
These show a greater likelihood of malignant change where adenomas are 
multiple (BUSSEY 1978; EIDE 1986), are greater than 2 cm in diameter 
(50% malignancy rate), and show a villous architeture and severe dysplasia 
(DAY and MORSON 1978; KONISHI and MORSON 1982). Flow cytometry and 
densitometry ploidy patterns support this dysplasia-carcinoma sequence. 
Adenomas predominantly possesss a diploid DNA profile. The detection 
of aneuploidy varies but several studies have found it be more frequent if 
the adenoma is greater than 2 cm in diameter (Table 2) and in those with 
severe epithelial dysplasia (Table 3). It is also more prevalent when a vil
lous pattern (QUIRKE et al. 1985 b, VAN DEN INGH et al. 1985; BANNER 
et al. 1987) and enlarged nuclear size are present (JARVIS et al. 1987). In 
contrast to these results, two studies using tissue densitometry failed to 
detect aneuploidy in colorectal adenomas (Table 3). The reported higher 
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Table 3. The percentages of aneuploidy related to the grade 
of dysplasia in coloreetal adenomas 

Dysplasia 
Mild Moderate Severe 

Flow cytometry 
GOH and JASS 1986 4% 

QUIRKE et al. 1985 b 0% 
VAN DEN INGH et al. 1985 21'X, 

18% 
5.5% 

29% 

36% 
12% 
43% 

Tissue densitometry 
WHITEHEAD et al. 1985 
JARVIS et al. 1987 

All in diploid range (n = 19) 
All in diploid range (/1 = 10) 

J. M. SLOAN et al. 

rate of aneuploidy in adenocarcinoma suggests that the dysplasia-cancer 
sequence behaves in a stepwise fashion, with ploidy abnormalities either 
initiating the process of invasion occurring as a consequence of it (GOH 
and JASS 1986; WHITEHEAD et al. 1985). 

Quantitation studies on adenomas can therefore lead to more consis
tent grading and identification of those most likely to contain carcinoma. 
This has obvious implications for the pathologist examining an individual 
lesion and for the clinician in patient follow-up. 

4.4.5.2 Familial Polyposis Coli 

Flow cytometry of adenomas in familial polyposis coli indicates an aneu
ploidy rate of 10% but bearing no relationship to polyp size, histological 
pattern or grade of dysplasia. There was an increased proliferative index 
in polyps greater than 5 mm in diameter. Ploidy patterns were not found 
to be a good predictor of the presence of carcinoma (QuIRKE et al. 
1987a). 

4.4.5.3 Ulcerative Colitis with Dysplasia and Carcinoma 

Patients with long-standing ulcerative colitis have an increased risk of 
mucosal dysplasia and carcinoma (RIDDELL 1976; LENNARD-JONES et al. 
1983). The designation of dysplasia in inflammatory bowel disease is sub 
ject to observer variation and its distinction from regenerative change is 
difficult. This distinction is important in patient follow-up and treatment 
(RIDDELL et al. 1983). Image analysis of multiple nuclear and cellular 
geometric variables gives an insight into the morphological differences be
tween histological groups and allows the construction of classification rules 
in an attempt to achieve more accurate and reproducible categorisation of 
individual lesions. Analysis of normal mucosa, regenerative mucosa, 
dysplasia and carcinoma in ulcerative colitis identifies three principal com
ponents responsible for variation in the dataset (ALLEN et al. 1987). These 
are: (a) nuclear size, nuclear-cytoplasmic ratio and nuclear stratification; 
(b) the variation of nuclear size; and (c) nuclear shape and polarity. This is 



Quantitation in GI Pathology 203 

~j 
I 
11111111 I I 

5 

~j I LI I 

4 

~1 111.1 II I I I I 

3 

10 2 

8 

6 

4 

2 

0 

>-

~j 
0 
c 

LI. 
Q) 
::J 
0-
Q) ... 

I IJ... 
I 

1 

-4 -2 0 2 4 

Score 
Fig. 4. Discriminant scores for colonic mucosal lesions plotted by histological groups. Tumour 
(5) and high grade dysplasia (4) are grouped together and separate from normal mucosa (1). 
Regeneration (2) and low grade dysplasia (3) lie intermediate between the other groups. There 
is complete discrimination between normal and carcinoma. (ALLEN et a!. 1987) 
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Fig. 5. Scatter plot of mean nuclear-cytoplasmic ratio against coefficient of variation of nuc
leus to cell apex distance. There is complete separation of normals (left 0) and carcinoma 
(right e). (HAMILTON ct aJ. 1987) 
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Fig. 6. Scatter plot showing grouping of high grade dysplasia (0) with adenocarcinoma (e) 
(ALLEN et aJ. 1987) 

of value to the pathologist in that it emphasises the subjective features that 
are useful in diagnosis. Discriminant analysis of the dataset selects those 
variables that make significant contributions in distinguishing the pre
defined histological groups. The chosen variables are used to construct an 
allocation rule or scoring system and each lesion is scored accordingly. In 
this way HAMILTON and co-workers (1987 a) have separated normal mu
cosa and adenocarcinoma. The results may be represented as frequency 
histograms of the lesion scores (Fig. 4) or scatter plots of the two dis
criminating variables (Fig. 5). The system may be verified with further test 
set data. Using this classification rule, based on the variables nuclear
cytoplasmic ratio and the coefficient of variation of nucleus to cell apex 
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Fig. 7. Scatter plot showing overlap of regeneration (0) and low grade dysplasia (e) (ALLEN 
et al. 1987) 

distance, the diagnostic categories of regeneration and low and high grade 
dysplasia were assessed (ALLEN et al. 1987). This led to grouping of high 
grade dysplasia with adenocarcinoma and the intermediate placement of 
regeneration and low grade dysplasia (Fig. 4). The close correlation be
tween high grade dysplasia and adenocarcinoma (Fig. 6) suggests that 
quantitation may be used to confirm this diagnosis, which is an indication 
for colectomy. Furthermore the overlap between regeneration and low 
grade dysplasia emphasises the trend of morphological changes between 
these categories. When sections in the overlap areas of the scatter plots of 
these two groups (Fig. 7) were reviewed histologically it was seen that fac
tors such as active inflammation at an ulcer edge, polyp margin or crypt 
base dilute the significance of any epithelial changes. This feedback on sub
jective assessment allows refinement of lesion allocation to the various 
diagnostic groups and this has implications for patient colonoscopic surveil
lance (ALLEN et al. 1987). 

In a parallel study low power image analysis of architectural variables 
was carried out on ulcerative colitis (ALLEN et al. 1988 a). This showed the 
dataset variation to be due to the area of mucosa and the relative propor
tions of lamina propria and epithelium per unit length of muscularis 
mucosae, along with the mucosal and epithelial heights. Regeneration 
results in a thicker mucosa due to inflammatory expansion of the lamina 
propria. Dysplasia shows a biphasic enlargement of the epithelial and 
lamina propria compartments due to an increase in epithelial proliferation 
along with an associated mesenchymal response, which is in part contri
buted to by an inflammatory component. A classification rule based on the 
discriminating variables, epithelial height and lamina propria area com
pletely separated normal mucosa and high grade dysplasia. Low grade 
dysplasia was allocated to the same grouping as the high grade category 
and 60% of regeneration cases to the normal group (Fig. 8). Scatter plots 
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successfully distinguised regenerative epithelium from dysplasia (Fig. 9). 
Future work will be aimed at combining architectural and cytological fea
tures in a quantitative index as a basis for classification of biopsy material 
and it is hoped that this will provide further refinement and form the basis 
of an adjunct to the pathologist'S subjective opinion. 

Cytophotometry studies have noted increasing DNA content with 
worsening grades of dysplasia, the 62.5% aneuploidy rate in high grade 
dysplasia being recommended as a potential prognostic marker for the 
presence of invasion (CUVELIER et ai. 1987). Flow cytometry has shown 
aneuploidy in coli tic dysplasia and been advocated as augmenting colono
scopic surveillance (HAMMARBERG et ai. 1984; McKINLEYet al. 1985) but 
its exact role is not yet defined. FOZARD and co-workers (1986) found a 
dysplasia-associated aneuploidy rate of approximately 20% correlating 
with the disease duration but unrelated to dysplasia grade and no more 
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prevalent than in regenerative controls. MELVILLE et a1. (1987) detected 
aneuploidy in 30% of dysplastic lesions correlating with dysplasia grade, 
while regenerative cases were diploid. Both of these studies, together with 
LOFBERG et a1. (1987), described cases with abnormal ploidy patterns in 
mucosa well away from areas of dysplasia and suggested its use for detect
ing potentially malignant changes in the absence of histological changes. 

4.4.6 Colorectal Adenocarcinoma 

Quantitation by both light and electron microscopy separates normal 
mucosa from adenocarcinoma. Significant discriminating variables are nuc
lear volume and nuclear-cytoplasmic ratio (NAKAMURA et a1. 1974) and a 
combination of the latter with the coefficient of variation of nucleus to 
cell apex distance (HAMILTON et a1. 1987 a). In the latter study discrimina
tion was achieved with high reproducibility by an observer with minimal 
histological knowledge who was unaware of the diagnosis. SATO and co
workers (1981) have shown a trend of nuclear and nucleolar enlargement 
correlating with malignant transformation from normal mucosa through 
dysplasia to carcinoma. They suggested a possible role for the quantitative 
diagnosis of epithelial lesions by measuring the area of 50 nuclei and their 
nucleoli. LOWE et a1. (1986) noted an aneuploidy rate of 51 % in a group 
of Dukes' stage B carcinomas. Morphometric differences from the diploid 
tumours were in the mean nuclear profile area (62.9 !J,m2 vs 48.2 ~lm2: 
P < 0.001) and the percentage of large nuclei in a given carcinoma (6.2% 
vs 1 %: P < 0.001). Their findings allowed the construction of a simple al
gorithm to determine nuclear size by a single linear graticule measurement 
taken over six fields. This gave a 74% accurate prediction of ploidy status 
and it was recommended for use in routine histological assessment. 

DNA photometry has noted the frequent occurrence of non-diploid cell 
populations in adenocarcinomas (STICH et a1. 1960). Tumours containing a 
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higher proportion of cells exceeding the upper diploid limit were as
sociated with worse survival and greater likelihood of local recurrence. 
They also correlated with tumour stage and grade (FORSSLUND et al. 
1984). Several flow cytometry studies indicate the poorer prognosis of 
aneuploid tumours (WOLLEY et al. 1982; ARMITAGE et al. 1985; SCOTT 
et al. 1987; QUIRKE et al. 1987b). QUIRKE and co-workers (1985 a) have 
also demonstrated ploidy heterogeneity within a given tumour but with no 
difference between the superficial and deep aspects of a given lesion or its 
secondary deposits. They have found that ploidy relates to staging, that 
54% of colorectal carcinomas are aneuploid, and that a combination of 
the ploidy profile and index of cell proliferation are good prognostic mark
ers. High cell turnover was associated with an infiltrative growth pattern 
and worse prognosis (QUIRKE et al. 1987 b). 

In contrast MELAMED et al. (1986) demonstrated no correlation be
tween tumour ploidy and staging or survival and Gem et al. (1987) found 
the influence of ploidy on survival to be small. 

Recently a new system of prognostic categorisation for colorectal car
cinoma has been introduced (JASS et al. 1987). This is based on a scoring 
system derived from several variables, including depth of tumour invasion, 
infiltrating or expanding tumour edge, number of affected lymph nodes 
and degree of peritumoural lymphocytic infiltration. The system has im
proved prediction of prognosis and appears to be a refinement of the long
standing and widely used Dukes' classification (lASS and MORSON 1987). 

4.4.7 Leiomyomatous Tumours 

Irrespective of their site within the gastrointestinal tract, suggested predic
tors of behaviour are tumour size (> 7.5 cm). Other prognostic factors in
clude mitotic count (> 5 per 10 high power fields) and their ploidy profile 
(COOPER et al. 1987). 

5 Conclusion 

Quantitation has increased our understanding of the pathogenesis and 
biological behaviour of gastrointestinal disease. To be of value to the prac
ticising pathologist methods of quantitation must be easily applied, be in
expensive in terms of both equipment and time and impart additional use
ful information. 

The above conditions can be met to some extent by semi-quantitative 
methods based on experience and careful observation of features easily 
visible and partly quantifiable in routine pathological specimens without 
special equipment. DUKES' staging of colorectal carcinoma (1932) is an 
example which is of proven value as a prognostic indicator. The recent 
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refinement and extension of this system (lASS et a1. 1987) may well en
hance its value further. 

The use of more detailed and sophisticated quantitative methods is still 
largely confined to research studies and while these methods have undoub
tedly improved the diagnostic acumen of those acquainted with them, they 
have not yet created a widespread impact. Semi-automatic image analysis 
is relatively cheap but can be time consuming. At present its main role 
appears to lie in directing the pathologist towards the most useful histolog
ical features on which to base his diagnosis. A logical extension of this is 
the use of computer-aided assessment to reach a diagnosis and the capabil
ity of the methodology in this respect has been demonstrated in borderline 
ovarian carcinoma (BAAK et al. 1981). In gastrointestinal pathology there 
is considerable evidence that the technique is useful in identifying critical 
features in perennially difficult problems such as distinguishing regenera
tive from dysplastic epithelium, grading dysplasia, improving prognostic 
indicators in malignancy and in problematical cases of jejunal villous at
rophy. 

Flow cytometry is rapid, easily used and requires only small amounts 
of tissue. No doubt in time problems such as cell specificity and debris 
masking cell populations will be solved and it may have a defined role as 
prognostic marker in established tumours and perhaps even in detection 
of premalignant states. However, the equipment remains expensive and 
thus by necessity is centralised, demands on such equipment may multiply 
and some doubts exist about interpretation of results and the relationship 
between ploidy and prognosis. 

The approach of LOWE et a1. (1986) in using flow cytometry and image 
analysis as research tools to devise an algorithm capable of predicting 
tumour ploidy and applicable to simple measurement using a microscope 
eyepiece graticule is to be commended. It seems unlilkely that sophisti
cated equipment or the time to carry out the necessary research will be
come universally available. If simple methods emerge from the research 
which can be widely applied to improving and standardising diagnosis this 
will make a significant contribution to diagnostic pathology. 

Acknowledgements. The authors gratefully acknowledge the assistance of Miss Kate 
McAteer and Mrs. Bridie Kclly in the preparation and typing of this manuscript. 

References 

Aherne WA. Dunnill MS (1982) Morphometry. Arnold, London 
Allen DC, Hamilton PW, Watt PCH, Biggart JD (1987) Morphometrical analysis in ulcerative 

colitis with dysplasia and carcinoma. Histopathology 11:913-926 
Allen DC, Hamilton PW, Watt PCH, Biggart JD (1988a) Architectural morphometry in 

ulcerative colitis with dysplasia. Histopathology 12:611-621 
Allen DC, Connolly NS, Biggart JD (1988 b) High iron diamine - alcian blue mucin profiles 

in benign, premalignant and malignant eolorectal disease. Histopathology 13:399-412 



210 1. M. SLOAN et a!. 

Armitage NC Robins RA. Evans DF. Turner DR. Baldwin RW, Hardcastle 1D (1985) The 
in!luence of tumour cell DNA abnormalities on survival in colorectal cancer. Br 1 Surg 
72:828-830 

Baak 1PA, Oort 1 (1983) A manual of morphometry in diagnostic pathology. Springer. Berlin 
Heidelberg New York 

Baak lPA. Agrafojo Blanco A. Kurver PHl et a!. (1981) Quantitation of borderline and malig
nant mucinous ovarian tumours. Histopathology 5:353-360 

Banner BF, Chacho MS, Roseman DL. Coon lS (1987) Multiparameter now cytometric ana
lysis of colon polyps. Am 1 Clin Pathol 87:313-318 

Barlogie B. Drewinko B, Schumann 1 et a!. (1980) Cellular DNA content as a marker of neo
plasia in man. Am 1 Med 69:195-203 

Behar l, Sheahan DG (1975) Histological abnormalities in re!lux ocsophagitis. Arch Pathol 
99:387-391 

Benncts R. Stroehlein l, Barlogie B (1979) Ploidy determination by DNA !low cytometry of 
malignant and benign gastric tissue obtained by endoscopic biopsy. Gastroenterology 
76:1099 

Bezemcr PD. Baak lPA. de With C (1977) Discriminant analysis. exemplified with quantitative 
features of endometrium. Eur 1 Obstet Gynecol Reprod BioI 7(3):209-214 

Bohm N, Sandritter W (1975) DNA in human tumours: a cytophotometric study. Curr Top 
Pathol 60: 151-181 

Bohm N. Sprenger E (1968) Fluorescence cytophotometry: a valuable method for the quantita
tive determination of nuclear fuelgen-DNA. Histochemic 16:100-118 

Boon ME. Kurver PlH, Baak lPA, Thompson HT (1981) The application of morphometry in 
gastric cytological diagnosis. Virchows Arch [A]393:159-164 

Bradbury S (1979) Microscopical image analysis: problems and approaches. 1 Microscopy 
115: 137 -150 

Brandtzaeg P, Baklien K, F:msa 0, Hoel PS (1974) Immunohistochemical characterization of 
local immunoglobulin formation in ulcerative colitis. Gastroenterology 66: 1123-1136 

Brown UR. Smceton NC Dixon MF (1985) Assessment of dysplasia in colorectal adcnomas: 
an observer variation and morphometric study. 1 Clin Pathol 38: 174-179 

Bussey HlR (1978) MUltiple adenomas and carcinomas. In: Bennington lL (cd) Major prob
lems in pathology, vol 10. The pathogenesis of colorectal cancer. WB Saunders, Philadel
phia. pp 72-80 

Chalkley HW (1943) Methods for the quantitative morphologic analysis of tissues. J Natl 
Cancer 1nst 4:47 - 53 

Chalkley HW, Cornfield J. Park H (1949) A method for estimating volume-surface ratios. 
Science 110:295-297 

Collins BJ. Elliott H. Sloan JM, McFarland RJ. Love AHG (1985) Oesophageal histology in 
renux ocsophagitis. J Clin Pat hoI 38:1265-1272 

Coon JS. Landay AL. Weinstein RS (1986) Flow cytometric analysis of paraffin-embedded 
tumours: implications for diagnostic pathology. Hum Pat hoI 17:435-437 

Cooper PN, Quirke P. Hardy G1. Bird CC Dixon MF (J 987) Prediction of the behaviour of 
smooth muscle tumours of the gastrointestinal tract. J Pathol 152:217 A 

Corrazza GR. Frazzoni M. Gasbarrini G (1984) Jejunal intraepithcliallymphocytes in coeliac 
disease: are they increased or decreased? Gut 25:158-162 

Corazza GR. Frazzoni M, Dixon ME Gasbarrini G (1985) Quantitative assessment of the 
mucosal architecture of jejunal biopsy specimens: a comparison between linear measure
ment, stereology and computer aided microscopy. J Clin Pathol 38:765-770 

Cuvelier CA. Morson BC Rocls HJ (1987) The DNA content in cancer and dysplasia in 
chronic ulcerative colitis. Histopathology 11:927-939 

Danno M (1975) Statistical criteria for the cytology of gastric cancer. A proposal of distance 
index. Acta Cytol 20:446-468 

Dawson PA. Patel J, Filipe MI (1978) Variations in sialomucins in the mucosa of the large 
intestine in malignancy: a quantimet and statistical analysis. Histochem J 10:559-572 

Day DW. Morson BC (1978)The adenoma-carcinoma sequence. In: Bennington JL (cd) Major 
problems in pathology. vol 10. The pathogenesis of colorectal cancer. WB Saunders, 
Philadelphia. pp 58-71 



Quantitation in GI Pathology 211 

Deinlein E, Schmidt H, Riemann J-F, Gra EI-Pietrusky R, Hornstein OP (19R3) DNA tlow 
cytomptric measurements in inflammatory and malignant human gastric lesions, Virchows 
Archiv [A1402:IR5-193 

Dhcsi I, Marsh MN, Kelly C, Crowe P (19R4) Morphometric analysis of small intestinal 
mucosa. VirchowsArch [A1403:173-1RO 

Dukes CE (1932) The classification of canccr of the rectum. J Pathol Bact 35:323-332 
Dundas SAC, Kay R, Bcck S, Cotton DWK, Coup aJ, Slater DN, Underwood JCE (1987) 

Can histopathologists reliably assess dysplasia in inflammatory bowel disease" J Clin 
Pathol 40: 12R2-12R6 

Dunnill MS, Whitehead R (1972) A mcthod for the quantitation of small intestinal biopsy 
specimens, J Clin Pathol 25:243-246 

Eide TJ (1986) Prevalence and morpological features of adenomas of the large intestine in 
individuals with and without colorectal carcinoma, Histopathology 10: 111-118 

Elias H, Hyde DM, Mullens RS, Lambert FC (1981) Colonic adenomas: stereology and 
growth mechanisms, Dis Colon Rectum 24:331-342 

Enblad P, Glimelius B, Bcngtssen A, Ponten J, Pahlmen L (1985) DNA content in carcinoma 
of the rectum and rectosigmoid. Acta Pathol Microbiol Immunol Scand [A 193:277 - 284 

Ferguson A, Murray D (1971) Quantitation of intraepithelial lymphocytes in human jejunum. 
Gut 12:989-994 

Ferguson A, Ziegler K (19R6) Intraepithelial lymphocyte mitoses in a jejunal biopsy correlates 
with intraepithelial lymphocyte count irrespective of diagnosis. Gut 27:675-679 

Filipe MI (1969) Value of histochemical reactions for mucosubstances in the diagnosis of cer
tain pathological conditions of the colon and rcctum. Gut 1O:577-5R6 

Filipe MI (1984) Mucins of normal, premalignant and malignant colonic mucosa. In: Wolman 
SR, Mastromarina AJ (cds) Progress in cancer research and therapy, vol 29. Raven, New 
York, pp 237-251 

Forsslund G, Ccdermark B, Ohman U, Erhardt K, Zettcrberg A, Auer G (19R4) The signifi
cance of DNA distribution pattcrn in rectal carcinoma. A preliminary study. Dis Colon 
Rectum 27:579-584 

Fozard JBJ, Quirke P, Dixon MF, Giles GR, Bird CC (1986) DNA aneuploidy in ulcerative 
colitis. Gut 27: 1414-141R 

Gardiner GW, Goldberg R, Currie D, Murray D (19R4) Colonic carcinoma associated with an 
abnormal collagen table. Cancer 54:2973-2977 

Giard RWM, Hermans J, Ruiter DJ, Hoedemaeker PHJ (1985) Variations in histopathological 
evaluation of non-neoplastic mucosal abnormalities: assessment and clinical significance. 
Histopathology 9:535-541 

Goh HS, Jass JR (1986) DNA content and the adenoma-carcinoma sequence in the colorec
tum. ,I Clin Pathol 39:387-392 

Goh HS, ,lass JR, Atkin WS, Cuzick J, Northover JMA (1987) Value of flow cytometric deter
mination of ploidy as a guide to prognosis in operable rectal cancer. Int J Colorect Dis 
2:17-21 

Guix M, Skinner JM, Whitehead RW (1979) Measuring intraepithclial lymphocytes, surface 
area and volume of lamina propria in the jejunal mucosa of coeliac patients. Gut 
20:275-278 

Hamilton pw, Allen DC, Watt PCH, Patterson Cc, Biggart JD (1987a) Classification of nor
mal colorectal mucosa and adenocarcinoma by morphometry, Histopathology 11 :901-911 

Hamilton PW, Collins JSA, Watt PCH, Sloan JM, Love AHG (1987b) Morphometric assess
ment of oesophagi tis in pinch biopsies and correlation with ambulatory pH data, J Pathol 
151:78A 

Hamilton PW, Watt PCH, Collins JSA, Sloan JM, Love AHG (1987c) Objective grading of 
gastritis and duodenitis: a comparison of two methods. J Pathol 152-228A 

Hamilton PW, Watt PCH, Allen DC (1988) A morphometrical assessment of transitional 
mucosa in the colon. Histopathology 13:519-530 

Hammarberg C, Slezak P, Tribukait B (I9R4) Early detection of malignancy in ulcerative 
colitis. A tlow-cytometric DNA study, Cancer 53:291-295 



212 J. M. SLOAN et al. 

Heatley RY, James PO (1979) Eosinophils in the rectal mucosa. A simple method of predicting 
the outcome of ulcerative proctocolitis? Gut 20:787 - 791 

Hedlcy OW, Friedlander ML, Taylor IW, Rugg CA, Musgrove EA (1983) Method for analysis 
of cellular DNA content of paraffin-embedded pathological material using flow cytometry. 
J Histochem Cytochem 31:1333-1335 

Hedley OW, Friedlander ML, Taylor IW (1985) Application of DNA flow cytometry to paraf
fin-embedded archival material for the study of aneuploidy and its clinical significance. 
Cytometry 6:327 - 333 

Hywel-Jones J, Lennard-Jones JE, Morson BC (1973) Numerical taxonomy and discriminant 
analysis applied to non-specific colitis. Q J Med 42:715-732 

Inokuchi K. Kodama Y. Sasaki 0, Kamegawa T, Okamura T (1983) Differentiation of growth 
patterns of early gastric carcinoma determined by cytophotometric DNA analysis. Canccr 
51: 1138-1141 

Inui N. Oata K (1965) DNA content of human tumour cell nucleus: a study on gastric 
carcinoma with special reference to its histological features. GANN 56:567-574 

Ismail-Beigi F, Horton PF. Pope CE (1970) Histological consequences of gastroesophageal 
reflux in man. Gastroenterology 58: 163-174 

Jarvis LR, Whitehead R (1985) Morphometric analysis of gastric dysplasia. J Pathol 
47: 133-138 

Jarvis LR, Dent J. Whitehead R (1985) Morphometric assessment of reflux oesophagi tis in 
fibreoptic biopsy specimens. J Clin Pathol 38:44-48 

Jarvis LR, Graff PS, Whitehead R (1987) Correlation of nuclear ploidy with histology in 
adenomatous polyps of colon. J Clin Pathol 40:26-33 

Jass JR, Morson BC (1987) Reporting colorectal carcinoma. J Clin Pathol 40: 1016-1023 
.lass JR, Love SB. Northover JMA (1987) A new prognostic classification of rectal cancer. 

Lancet I: 1303 - 1306 
1cnkins 0, Goodall A. Gillet FR, Scott BB (1985) Defining duodenitis: quantitative histologi

cal study of mucosal responses and their correlations. J Clin Pathol 38: 1119-1126 
Jenkins 0, Goodall A. Scott BB (1986) T lymphocyte populations in normal and coeliac small 

intestinal mucosa defined by monoclonal antibodies. Gut 27: 1330-1331 
1cnkins 0, Goodall A. Drew K, Scott BB (1988) What is colitis? Statistical approach to distin

guishing clinically important inflammatory change in rectal biopsy specimens. J Clin 
PathoI41:72-79 

Kayser KK, Modlinger F. Postl K (1985) Quantitative low-resolution analysis of colon mucosa. 
Anal Qant Cytol Histol 7:205-212 

Keren OF. Appelman HD. Dobbins WO ct al. (1984) Correlation of histopathologic evidence 
of disease activity with the presence of immunoglobulin-containing cells in the colons of 
patients with inflammatory bowel disease. Hum Pathol 15:757-763 

Kiefer G. Sandritter W (1976) DNA and the cell cycle. Beitr Pat hoI 158:332-362 
Konishi F. Morson BC (1982) Pathology of colorectal adenomas: a colonoscopic survey . .I C1in 

Pathol 35:830-841 
Kreuning J, Bosman FT, Kuiper G. Wal AM, Lindeman J (1978) Gastric and duodenal mucosa 

in ""healthy" individuals. An endoscopic and histopathological study of 50 volunteers . .J 
Clin Pathol 31:69- 77 

Langley FA, Baak JPA. Oort J (1983) Diagnosis making: error sources. In: Baak JPA, Oort J 
(cds) A manual of morphometry in diagnostic pathology. Springer, Berlin Heidelberg New 
York. pp 6-14 

Leigh RJ, Marsh MN, Crowe P, Kelly C, Garner Y, Gordon 0 (1985) Studies of intestinal 
lymphoid tissue IX. Dose dependent gluten induced lymphoid infiltration of coeliac 
jejunal epithelium. Scand J Gastrocnterol 20:715-719 

Lennard-Jones JE, Morson BC, Ritchie lK, Williams CB (1983) Cancer suveillance in ulcera
tive colitis. Experience over 15 years. Lancet II: 149-152 

Leuchtenberger C. Leuchtenberger R, Davis A (1954) A microspectrophotomctric study of the 
deoxyribonucleic acid (DNA) content in cells of normal and malignant human tissues. 
Am .J Pathol 30:65 -85 



Quantitation in GI Pathology 213 

Lev R, Lance p, Camara P (1985) Histochemical and morphologic studies of mucosa bordering 
rectosigmoid carcinomas: comparisons with normal, diseased and malignant colonic 
epithelium. Hum Pathol 16:151 161 

Lindstrom CG (1976) "Collagenous colitis" with watery diarrhoea: a new entity? Pathologia 
Europaea 11:87-89 

Lotberg R, Tribukait B, Ost A, Brostrom O. Reichard H (1987) Flow cytometric DNA analysis 
in longstanding ulcerative colitis: a method of prediction of dysplasia and carcinoma deve
lopment? Gut 28: 1100-1106 

Lovett EJ, Schnitzer B, Keren OF, Flint A. Hudson JL, McClatchey KD (1984) Application of 
flow cytometry to diagnostic pathology. Lab Invest 50: 115 -153 

Lowe J, Kent J, Armitage NC Ballantyne KC Hardcastle JD (1986) Nuclear morphometry 
and nuclear DNA content jn rectal carcinoma. In: Fourth International Symposium on 
Morphometry in Morphological Diagnosis. The Royal Society of Medicine, London, p 19 

Macartney JC Camplejohn RS (1986) DNA flow cytometry of histological material from 
dysplastic lesions of human gastric mucosa. J Pathol 150: 113-118 

Macartney JC, Camplejohn RS, Powell G (1986) DNA flow cytometry of histological material 
from human gastric cancer. J Pathol 148:273-277 

MacDermott RP (1986) Symposium on cell-mediated immunity in human disease. Part II. 
Cell-mediated immunity in gastrointestinal disease. Hum Pathol 17:219-233 

Malizia G, Trejdosiewicz LK, Wood GM, Howdle PO, Janossy G, Losowsky MS (1985) The 
microenvironment of coeliac disease: T cell phenotypes and expression of the T2 'T blast' 
antigen by small bowel lymphocytes. Clin Exp Immunol 60:437-446 

Marsh MN (1980) Studies of intestinal lymphoid tissue III. Quantitative analysis of intraepithe
lial lymphocytes in the small intestine of human control subjects and of patients with 
coeliac spruce. Gastroenterology 79:481-492 

Marsh MN (1982) Studies of intestinal lymphoid tissue IV the predictive value of raised 
mitotic indices among jejunal epithelial lymphocytes in the diagnosis of gluten sensitive 
entcropahty. J Clin Pat hoi 35:517-525 

Marsh MN (1985) Functional and structural aspects of the epithelial lymphocyte with implica
tions for coeliac disease and tropical sprue. Scand J Gastroenterol [Suppl]114:55-75 

Marsh MN (1986) Measurement of intra-epithelial lymphocytes. Gut 27:1516-1517 
Maskens AP (1979) Histogenesis of adenomatous polyps in the human large intestine. Gas

troenterology 77: 1245-1251 
McKinley M, Budman 0, Caccese W, Weissman G, Scheidt N, Kahn E, Bronco R (1985) 

Evaluation of colonic neoplasia by flow cytometry of endoscopic biopsies. Am J Gastroen
teroI80:47-49 

Meier-Ruge W (1974) Hirschsprung's disease: its aetiology, pathogenesis and differential diag
nosis. In: Grundmann E, KirstenWH (eds) CurrTop PathoI59:131-179 

Melamed M, Enker WE, Banner P. Janov AJ, Kessler G, Darzynkiewicz Z (1986) Flow 
cytometry of colorectal carcinoma aith three year follow-up. Dis Colon Rectum 
29:184-186 

Melville OM, Jass JR, Shepherd NA (1987) DNA aneuploidy as a marker of neoplastic change 
in ulcerative colitis. J Pathol 152:215A 

Ming S-C Bajtai A, Correa P et al. (1984) Gastric dysplasia. Significance and pathologic 
criteria. Cancer 54: 1794-180\ 

Morson BC, Dawson IMP (1979) Gastro-intestinal pathology, 2nd edn Blackwell Scientific, 
London 

Morson BC Sobin LH, Grundmann E, Johansen A, Nagayo T, Serch-Hanssen A (1980) Pre
cancerous conditions and epithelial dysplasia in the stomach. J Clin Pathol 33:711-721 

Mukada T, Sasano N. Sato E (1978) Evaluation of esophageal dysplasia by cytofluorometric 
analysis. Cancer 41: 1399-1404 

Nakamura K, Nakayo T, Sato E, Sasano N (1974) Ultramorphometry of the nucleus of human 
rectal cancer compared with normal mucosal gland. Tohoku J Exp Med 112: 177 -188 

Nielsen VT, Vetner M, Harslof E (1980) Collagenous colitis. Histopathology 4:83-86 
Nogaller AM, Nikonenko TN, Avirina TK (1983) Clinico-morphological and morphometric 

characteristics of chronic colitis. Klin Med (Mosk) 61:82-88 



214 J. M. SLOAN et al. 

OehlertW, Keller P. Henke M. Strauch M (1979) Gastric mucosal dysplasia: what is its clinical 
significance~ Front Gastrointest Res 4:173-182 

Oja E. Collan Y (1983) Basic principles of image analysis by computer. Acta Stereol 2:250-261 
Owen DA (1984) Gastritis and duodenitis. In: Appleman HD (ed) Pathology of the 

oesophagus, stomach and duodenum. Churchill Livingstone. Edinburgh, pp 37-43 
Painter NS (1964) The aetiology of diverticulosis of the colon with special reference to the 

action of certain drugs on the behaviour of the colon. Ann R Coll Surg Engl 34:98-119 
Painter NS, Burkitt DP (1975) Diverticular disease of thc colon is a 20th century problem. 

Clin Gastroenterol 4:3-21 
ParI FF, Lev R, Thomas E, Pitchumuni CS (1979) Histologic and morphometric study of 

chronic gastritis in alcoholic patients. Hum Pathol 10:45-56 
Petrova AS, Subrichina GN, Tschistjakova OV, Lukina TA. Weiss H, Wildner G (1980) Flow 

cytofluOfometry. cytomorphology and histology in gastric carcinoma. Oncology 
37:318-324 

Phelps PC, Toker C. Trump BF (1979) Surface ultrastructure of normal, adenomatolls and 
malignant epithelium from human colon. Scan Electron Microsc 3: 169-176 

Quirke P. Dyson JED (1986) Flow cytometry: methodology and applications in pathology. J 
Pathol 149: 79-87 

Quirke P, Dyson JED. Dixon MF. Bird CC. Joslin CAF (1985 a) Heterogeneity of colorectal 
adenocarcinomas evaluated by flow cytometry and histopathology. Br J Cancer 51 :99-106 

Quirke P. Fozard JBJ. Dixon MF. Dyson JED, Giles GR, Bird CC (1985b) DNA aneuploidy 
in colorectal adenomatous polyps with and without synchronous carcinoma. J Pathol 
146:267A 

Quirkc P. Dixon ME Fozard 1BJ. Day D. Talbot IC. Bird CC (1987a) DNA aneuploidy in 
familial polyposis coli: a flow cytomctric study. 1 Pathol lSI :76A 

Quirke P. Dixon ME C1aydcn AD. Durdey P. Dyson JED. Williams NS. Bird CC (1987 b) 
Prognostic significance of DNA aneuploidy and cell prolifcration in rcctal adenocarcino
mas. 1 PathoI151:285-291 

Riddell RH (1976) The prccarcinomatous phase of ulcerative colitis. In: Morson BC (cd) Cur
rent topics in pathology. Pathology of the gastrointestinal tract. Springer Berlin Heidel
berg. New York. pp 179-219 

Riddell RH. Goldman H. Ransohoff OF et al. (1983) Dysplasia in intlammatory bowel dis
eases: standardized classification with provisional clinical applications. Hum Pathol 
14:931-968 

Rosckrans PCM. Meijer C1LM. Cornelisse CJ. van derWal AM, Lindcmann J (1980 a) Usc of 
morpohometry and immunohistochcmistry of small intestinal hiopsy specimens in the 
diagnosis of food allergy. J Clin Pathol 33: 125-130 

Rosekrans PCM, Meijer CJLM. van der Wa1 AM. Cornelisse CJ, Lindeman J (1980b) Im
munoglobulin containing cells in inflammatory bowel disease of the colon: a morphomet
ric and immunohistochemical study. Gut 21:941-947 

Rosekrans PCM. Meijcr CJLM. Polanco I. Mearin ML. van derWal AM, Lindeman J (1981 a) 
Long term morphological and immunohistochemical ohservations on biopsy specimens of 
small intestine from childrcn with gluten sensitive enteropathy. J C1in Pat hoI 34: 138-144 

Rosekrans PCM. Lindeman J. Meijer CJLM (1981 b) Quantitative immunological and im
munohistochcmical findings in jejunal biopsy specimens in giardiasis. Virchows Arch 
[Aj393:145-151 

Rubin CEo Brandhort LL. Phelps DC, Taylor HC (1960) Studies of celiac disease. I. Gastroen
terology 38:28-49 

Rubio CA, Johansson C. Kock Y (1982 a) A quantitative method of estimating inflammation 
in the rectal mucosa. II. Normal limits in symptomatic patients. Scand J Gastroenterol 
17: 1077 -1081 

Ruhio CA, Johansson C. Kock Y (1982b) A quantitative method of estimating intlammation 
in the rectal mucosa. III Chronic ulcerative colitis. Scand J Gastroentero1 17: 1083-1087 

Rubio CA, Johansson C, Uribe A. Kock Y (1984) A quantitative method of estimating inflam
mation in the rectal mucosa. IV. Ulcerative colitis in remission. Scand J Gastroenterol 
19:525-530 



Quantitation in GI Pathology 215 

Saffos RO, Rhatigan RM (1977) Benign (non-polypoid) mucosal changes adjacent to car
cinoma of the colon. Hum Pathol 8:441-449 

Sanderson IR, Slavin G, Walker-Smith JA (1985) Density of mucosal mast cells in the lamina 
propria of the colon and terminal ileum of children. J Clin Pathol 38:771-773 

Sarin SK. Malhotra V, Gupta SS, Karol A, Gaur SK. Anand BS (1987) Significance of 
eosinophil and mast cell counts in rectal mucosa in ulcerative colitis. A prospective con
trolled study. Dig Dis Sci 32:363-367 

Sassi I, Faravelli A, Freschi M, Ferrari AM, Cantaboni A (1986) Planimetric grading of 
dysplasia in colorectal adenomas: a step forward? In: Fourth International Symposium on 
Morphometry in Morphological Diagnosis. The Royal Society of Medicine, London, p 78 

Sato E. Goto N, Nakamura T (1981) Nuclear ultrastructure in carcinoma, adenoma, Peutz
Jeghers polyp and dysplasia of the large bowel: a morphometric analysis. Gann 
72:245-253 

Schutte B. Reynders MMJ. Bosman FT. Blijham GH (1985) Flow cytometric determination 
of DNA ploidy level in nuclei isolated free from paraffin-embedded tissue. Cytometry 
6:26-30 

Scott BB. Goodall A. Stephenson P. Jenkins 0 (1983) Rectal mucosal plasma cells in inflam
matory bowel disease. Gut 24:519-524 

Scott NA. Rainwater LM, Vieand HS, Weiland LH, Pemberton JH, Beart RW, Lieber NM 
(1987) The relative prognostic value of flow cytometric DNA analysis and conventional 
clinicopathologic critcria in patients with operable rectal carcinoma. Dis Colon Rectum 
30:513-520 

Seefeld U. Kreys GJ, Siebermann RE, Blum AL (1977) Esophageal histology in gas
troesophageal reflux. Morphometric findings on suction biopsies. Dig Dis Sci 22:956-964 

SelbyWS. Janossy G, Jewell DP (1981 a) Immunohistological characterisation of intraepithclial 
lymphocytes of the human gastrointestinal tract. Gut 22: 169-176 

Selby WS. Janossy G. Goldstein G. Jewell DP (1981 b) T lymphocyte subsets in the human 
intestinal mucosa: the distribution and relationship to MHC-derived antigens. Clin Exp 
Immunol 44:453-458 

Selby WS. JamJSSY G, Bofill M. Jewell DP (1983) Lymphocyte subpopulations in the human 
small intestine. The findings in normal mucosa and in the mucosa of patients with adult 
coeliac disease. Clin Exp Immunol 52:219-228 

Seldenrijk CA, Hendriks G, Baak JPA. Van Sprcejuwel JP, Smeulders AWM, Meuwisscn 
SGM. Meijer CJLM (1986) Plasma cell counting in colonic biopsies. In: Fourth Interna
tional Symposium on Morphometry in Morphological Diagnosis. The Royal Society of 
Medicine, London. p 79 

Shiner M. Doniach I (1960) Histopathologic studies in steatorrhoea. Gastroenterology 
38:419-440 

Slavin G. Sowter C, Robertson K. McDermott S, Paton K (1980) Measurement in jejunal 
biopsies by computer aided microscopy. J Clin Pathol 33:254-261 

Spencc RAJ, Sloan JM, Johnston GW. Greenfield A (1983) Oesophageal mucosal changes in 
patients with varices. Gut 24: 1024- 1029 

Spence RAJ. Sloan JM. Johnston G W (1984) Histologic factors of the oesophageal transection 
ring as clues to the pathogcnesis of bleeding varices. Surg Gynccol Obstet 159:253-259 

Sprenger E, Witte S. Schaden M (1974) The differential diagnostic rolc of nuclear DNA con
tent in gastric cytology. In: Sprcnger E. Witte S. Schaden M (cds) Early gastric canccr. 
Springer. Berlin Heidelberg New York. pp 154-158 

Stich HE Florian SF. Emson HE (1960) The DNA contcnt of tumour cells. I. Polyps and 
adenocarcinomas of the large intestine of man. J Natl Cancer Inst 24:471-482 

Strickland RG. Husby G. Black We. Williams RC Jr (1975) Peripheral blood and intestinal 
lymphocyte sub-populations in Crohn's disease. Gut 16:847-853 

Sugimachi K. Inokuchi K. Matsuura H. Okamura T, Sasaki 0 (1983) Cytophotometric DNA 
analysis of early esophageal carcinoma. Jpn J Surg 13:37-41 

Surawicz CM, Belic L (1984) Rectal biopsy helps to distinguish acute self-limited colitis from 
idiophatic inflammatory bowel disease. Gastroenterology 86: 104-113 



216 J. M. SLOAN et al.: Quantitation in GI Pathology 

Teodori L, Capurso L, Cordelli E et al. (1984) Cytometrically determined relative DNA con
tent as an indicator of neoplasia in gastric lesions. Cytometry 5:63-70 

Thompson EM. Price AB, Altman DG, Sowter C Slavin G (1985) Quantitation in inflammat
ory bowel disease using computerised interactive image analysis. J Clin Pathol 38:631-638 

Thurlbeck WM, Benson JA. Dudley HR (1960) The histopathological changes of sprue and 
their significance. Am J Clin Pathol 34:108-117 

Tosi P, Luzi P. Baak JPA, Miracco C, Vindigni C, Lio r, Barbini P (1987) Gastric dysplasia: a 
stereological and morphometrical assessment. J Pathol 152:83-94 

Toukan AU, Kamal MF, Amr SS. Arnaout MA. Abu-Romiyeh AS (1985) Gastro-duodenal 
inflammation in patients with non-ulcer dyspepsia. A controlled endoscopic and mor
phometric study. Dig Dis Sci 30:313-320 

Underwood EE (1970) Quantitative Steriology. Addison Wesley. Reading Mass 
Van den Ingh HF. Griffioen G, Cornelisse CJ (1985) Folw cytometric detection of aneuploidy 

in colorectal adenomas. Cancer Res 45:3392-3397 
Van Spreeuwel JP, Lindeman J, Meijer CJLM (1985) A quantitative study of immunoglobulin 

containing cells in the differential diagnosis of acute colitis. J Clin Pathol 38:774- 777 
Van Spreeuwel JP, Meijer CJLM, Rosekrans PCM, Lindeman J (1986) Immunoglobulin con

taining cells in gastrointestinal pathology - diagnostic applications. Pathol Annu 
21:295-310 

Watson AJ. Wright NA (1974) Morphology and cell kinetics of the jejunal mucosa in untreated 
patients with coeliac disease. Clin GastrenteroI3:11-31 

Watt PCH. Collins JSA, Hamilton PW, Sloan JM. Love AHG (1987) A quantitative assess
ment of mucosal inflammation in patients with non-ulcer dyspepsia, duodenitis and 
duodenal ulcer. J Pathol 152:228 A - 229 A 

Weibel ER (1963) Principles and methods for morphometric study of the lung and other 
organs. Lab Invest 12:131- 155 

Weibel ER (1969) Stereological principles for morphometry in electron microscopic cytology. 
Int Rev Cytol 26:235-302 

Weibel ER (1979) Stercological methods. vol I. Practical methods for biological morphometry. 
Academic. London 

Weinreb M. Zajicek G, Levij IS (1984) Discrimination betweeen normal and malignant gastric 
epithelial cells by computer image analysis. Anal Quant Cytol 6:206- 210 

Weinstein WM. Bogoch ER. Bowes KL (1975) The normal human oesophageal mucosa: a his
tological reappraisal. Gastroenterology 68:40-44 

Weiss H, Gutz H-J. Wildner GP. Ebeling K. Schmidt W (1980) Characterisation of chronic at
rophic gastritis by means of pulse cytophotometry. Acta Pathol Microbiol Scand [B] 
[Suppl] 274:412-416 

Whitehead F. Jarvis LR. Skinner JM, Whitehead R (1985) Ploidy studies in adenomatous 
polyps of the colon J Clin Pathol 38: 1261 -1264 

Whitehead R (1985) Mucosal biopsy of the gastrointestinal tract. WB Saunders, London 
Whitehead R (1986) Measurement of intraepitheliallymphocytes. Gut 27:1399 
Whitehead R. Roca M. Meikle DO, Skinner J. Truelove SC (1975) The histological classifica

tion of duodenitis in fibre-optic biopsy specimens. Digestion 13: 129-136 
Whiteway J, Morson BC (1985) Elastosis in diverticular disease of the sigmoid colon. Gut 

26:258-266 
Williams GT (1985) Commentary. Transitional mucosa of the large intestine. Histopathology 

9: 1237 -1243 
Williams GT, Rhodes J (1987) Collagenous colitis: disease or diversion" Br Med J 

294:855-856 
Wolley RC, Schreiber K, Koss LG, Karas M. Sherman A (1982) DNA distribution in human 

colon carcinomas and its relationship to clinical behaviour. J Nat! Cancer Inst 69: 15-22 
Wright SG, Tomkins AM (1978) Quantitative histology in giardiasis. J Clin Pathol 31:712-716 
Wyatt JI,Quirke P, Ward 0, Johnson OJ, Dixon MF, Bird CC (1987) Comparison of his

topathological and flow cytometric parameters in the prediction of prognosis in gastric 
cancer. J Pathol 152:233 A 



Topics in Colorectal Biopsy Diagnosis 



A Collagenous Colitis 

W. V. BOGOMOLETZ 

2 

3 

4 

5 

Clinical Aspects . . . . . . . . . . . . . . . . 
Histological Features ........... .. 
Measurement of the Collagcn Band Thickness 
Electron Microscopy . . . . . . . 
I mmunohistochemical Approach 

6 Therapeutic Problems . . . 
7 Coexisting Diseases .... 
8 Aetiology and Pathogenesis 
References .... 

· 219 

· 220 

· 222 

· 222 

· 223 

· 224 

· 224 

· 225 

· 226 

Collagenous colitis (cq is characterised by a band-like collagenous de
posit under the surface epithelium of the colorectal mucosa. Chronic wa
tery diarrhoea is the main clinical symptom. LINDSTROM (1976) recorded 
the first description of this previously unrecognised entity and coined the 
term 'collagenous colitis'. Since 1980, over 100 cases of CC have been 
reported in the literature, mostly as individual case reports. Two large 
series of 17 and 21 cases respectively have been published recently (WANG 
et al. 1987; WIDGREN et al. 1988). There have also been a few reviews and 
editorials on CC (BOGOMOLETZ 1983; ANONYMOUS 1986; WILLIAMS and 
RHODES 1987; RAMS et al. 1987). In addition to published cases, a sub
stantial number of unpublished cases of CC have been observed and diag
nosed by pathologists throughout the world. This review on the different 
clinicopathological aspects of CC is based on our own experience of about 
30 cases referred for consultation and data from the literature. 

1 Clinical Aspects 

Collagenous colitis occurs predominantly in women (about 90% of pub
lished cases). Cumulated data from 61 case reports of CC show a wide age 
range, from 19 to 86 years old, with a mean of 53.4. Most patients with 
CC present with chronic watery diarrhoea, described as continuous or in
termittent and lasting for weeks, months or years despite treatment. Bac-
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teriological investigations of stools have been consistently negative for ova 
and pathogens, both on microscopy and on culture. Mucus and blood are 
seldom present in the watery stools of Cc. Most patients have undergone 
a wide range of biochemical and haematological investigations which have 
generally been negative or shown only minor and transient abnormalities. 

In addition to chronic watery diarrhoea, many patients also complain 
of colicky abdominal pain. Nausea and vomiting have not been recorded 
features. Despite the intractable chronic watery diarrhoea, patients with 
CC have generally shown a remarkably preserved general health, with few 
recorded instances of weight loss or dehydration. 

In general, patients with CC do not have malabsorption, functioning 
endocrine tumours, arthropathy or systemic connective tissue disease and 
there is no association with laxative abuse or previous abdominal irradia
tion. Diagnostic features of chronic ulcerative colitis, Crohn's disease, in
fectious (acute self-limited) colitis or ischaemic colitis are not present. 

Conventional and double contrast radiology of the upper and lower 
gastrointestinal tract are normal, although rarely minor radiological abnor
malities of tbe colonic mucosa have been noted but not illustrated. 

The endoscopic appearances of the colorectal mucosa in CC have usu
ally been reported as normal or showing mild and non-specific changes, 
such as oedema, congestion or flattening of mucosal folds. Fissuring and 
ulceration have not been described. 

The clinical course of patients with CC varies. Despite some form of 
treatment, most patients continue to suffer from persistent chronic watery 
diarrhoea. Alternating remissions and relapses have been described in 
some treated and untreated cases (EAVES et al. 1983; FOERSTER and 
FAUSA 1985; DEBONGNIE et al. 1984; TEGLBJAERG et al. 1984; KINGHAM 
et al. 1986; PALMER et al. 1986). In a few cases reduction of the thickness 
of the collagenous deposit to normal has been recorded (EAVES et al. 
1983; DEBONGNIE et al. 1984). 

Colonic perfusion studies have been carried out in only a few patients 
with CC and have shown a net sodium chloride and water loss into the 
colonic lumen (RASK-MADSEN et al. 1983; GIARDELLO et al. 1985; Loo 
et al. 1985). One perfusion study demonstrated passive sodium secretion 
and active chloride secretion, persisting despite fasting (RASK-MADSEN 
et al. 1983). Another study reported abnormalities of bile salt absorption 
in two patients (GIARDELLO et al. 1985). 

2 Histological Features 

On routine light microscopy of haematoxylin-eosin stained sections, CC is 
characterised by a conspicuous eosinophilic, band-like thickening of the 
subepithelial basement membrane (Fig. 1). This collagenous band is bire
fringent with polarised light. In contrast with CC, the subepithelial base-
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Fig. 1. Collagenous colitis showing the typical band-like thickcning under the surface 
epithelium. Some chronic inflammatory cells and fibroblasts are entrapped within the collage
nous deposit. HE. x 125 

ment membrane of normal colorectal mucosa is inconspicuous or barely 
resolvable. The characteristic band-like thickening of CC is most pro
nounced under the surface epithelium between the crypts, the so-called 
intercryptic portion. However, in severe cases, the collagenous thickening 
can also extend around the upper third of the crypts. The homogeneous 
eosinophilic material reacts positively as collagen when stained with differ
ent trichrome methods for connective tissue demonstration (van Gieson 
and Masson techniques). On the other hand, staining for amyloid is consis
tently negative. Reticulin staining shows a dense network of reticulin 
fibrils. Some plasma cells, lymphocytes, histiocytes and fibroblasts are usu
ally entrapped within the collagenous deposit. 

Capillaries and fibroblasts of the uppermost lamina propria are often 
found closely applied to the undersurface of the collagenous band. The 
lamina propria usually contains an excess of lymphocytes and plasma cells 
but neutrophils are absent or scarce. Eosinophilia is not a feature of Cc. 
An increased population of mast cells in the lamina propria, including 
some mast cells entrapped within the collagenous deposit, has been re
ported in four cases (FLEJOU et al. 1984). The surface epithelium often 
shows degenerative cell changes, including epithelial desquamation (JESSU

RUN et al. 1987), but these could represent traumatic artefacts. The overall 
height of the colorectal mucosa is normal or slightly reduced. The crypts 
are regular and show no. significant impairment of mucus secretion. The 
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uppermost part of the crypts or 'mouth area' may be narrowed. The mus
cularis mucosae and submucosa appear normal. 

3 Measurement of the Collagen Band Thickness 

The thickness of the characteristic collagenous band of CC has been re
ported as varying widely between 7 ~m and 70 ~m. Several independent 
factors may contribute to this discrepancy. The apparent thickness of any 
form of basement membrane deposit may alter depending on the mode of 
tissue fixation and processing. Authors reporting cases of CC have often 
used different tissue fixatives, ranging from formaldehyde-containing fixa
tives to picric acid fixatives such as Bouin's fluid. The accuracy of measure
ments of any thickened basement membrane also depends on the method 
used for carrying out these measurements. Some published reports lack 
methodological detail while others specify the use of a calibrated eye-piece 
graticule, considered to be a reliable histometric procedure. 

A given basement membrane considered as 'abnormally thickened' 
should always be compared with measurements from a control population. 
In reported cases of CC, this comparison has only been performed in a 
few instances. Even then, the nature of the control groups has varied con
siderably: biopsies of normal colorectal mucosa, biopsies of patients suffer
ing from a wide range of large bowel inflammatory conditions, or surgical 
specimens of colorectal carcinoma. The thickness of the basement mem
brane in 'normal' rectal biopsies has been variously reported to be 
4.6-6.9 ~m (BOGOMOLETZ et al. 1980), 3.8 ~m (DEBONGNIE et al. 1984) 
and 1.25-6.26 ~m (MOGENSEN et al. 1984). Another report has quoted a 
normal thickness of up to 3 ~tm, this figure being derived from autopsy 
colon specimens (GLEDHILL and COLE 1984). 

Collagenous thickening in CC may represent an uneven process along 
the length of the large bowel mucosa. Hence, in a given patient, multiple 
mucosal biopsies taken at different levels may show different degrees of 
thickening. The collagenous band in CC is probably thickest in the proxi
mal colon, and tends to be less prominent in the rectum (MASON and 
JEWELL 1985; HAMILTON et al. 1986). 

4 Electron Microscopy 

The ultrastructural features of the colorectal mucosa in CC have been well 
described and illustrated in several reports (BOGOMOLETZ et al. 1980; 
TEGLBJAERG and THAYSEN 1982; FOERSTER and FAUSTA 1985; HWANG 
et al. 1986). The collagenous deposit is located immediately underneath 
the basal lamina (which appears uninvolved) and consists of morphologi-
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Fig. 2. Electron micrograph of collagenous colitis. The band-like thickening (arrowed) consists 
of collagen fibres of typical appearance and axial periodicity (detail in inset). C. capillary 
lumen; E. endothelial cell. (BOGOMOLETZ et al. 1980) Silver methenamine. x 5000 

cally normal collagen fibres with typical axial periodicity (Fig. 2). Some 
chronic inflammatory cells, histiocytes, fibroblasts and mast cells are em
bedded within these collagen fibres. The so-called colonic pericryptal 
fibroblast sheath becomes separated from the crypt epithelium, its con
stituent fibroblasts showing evidence of cellular activation. The normal 
fenestrated capillaries of the uppermost lamina propria are closely apposed 
to the undersurface of the collagenous deposit. 

Recent electron microscopic studies have identified characteristic fea
tures of myoid cells in the 'fibroblasts' making up the pericryptal sheath 
and occasionally entrapped within the collagenous deposit of CC (HWANG 
et al. 1986; WIDGREN et al. 1988). The myofibroblastic nature of these cells 
has also been confirmed by immunohistochemistry (WIDGREN et al. 1988). 

5 Immunohistochemical Approach 

Collagen typing has been carried out immunohistochemically in several 
cases of CC (BIREMBAUT et al. 1982; FLEJOU et al. 1984; MASON and 
JEWELL 1985). The collagenous deposit shows strong positivity with im
mune serum against collagen type III. On the other hand, the uninvolved 
basal lamina overlying the collagenous deposit shows marked positivity for 
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collagen IV, as well as for laminin and fibronectin. These findings, there
fore, confirm ultrastructural observations that the collagenous deposit in 
CC is quite distinct from the epithelial basal lamina. Moreover, im
munotyping raises the possibility that the collagenous deposit in CC could 
result from an abnormal protein synthesis by the disturbed pericryptal 
fibroblast sheath. A recent report has suggested that the collagenous de
posit also contains collagen VI, which is rich in disulfide bonds (Loo et al. 
1985). Immunoglobulin, complement, albumin or fibrinogen have not 
been identified within the collagenous deposit and circulating Immune 
complexes have not been described in patients with Cc. 

6 Therapeutic Problems 

Most patients with CC have shown a disappointing response to conven
tional antidiarrhoeal drugs (opiates, loperamide, cholestyramine, codeine 
phosphate etc.), which have proven ineffective in the long-term control of 
the chronic watery diarrhoea. Some relief of symptoms has been reported 
in a few individual cases with mepacrine, metronidazole, prednisolone, be
tamethasone and ·sulphasalazine. However, these drugs have not alleviated 
symptoms when tried in other patients with Cc. Considerable difficulty, 
therefore, persists in the treatment and long-term control of most patients 
with Cc. 

7 Coexisting Diseases 

Osteoarthritis or some other form of degenerative joint disease has been 
reported in 12 patients with CC (ERLENDSSON et al. 1983; HWANG et al. 
1986; MAROY 1986; PALMER et al. 1986; JESSURUN et al. 1987; WANG et al. 
1987). More intriguing has been the recent description of four patients 
with CC and malabsorption with histologically proven subtotal villous 
atrophy of the small bowel (HAMILTON et al. 1986; HWANG et al. 1986; 
BREEN et al. 1987). Small bowel biopsies of two of these patients also 
showed a patchy thickening of the basement membrane, in addition to the 
subtotal villous atrophy (HAMILTON et al. 1986). Subepithelial collagen 
deposition within the basement membrane of the small intestine in pa
tients with malabsorption was first described under the term 'collagenous 
sprue' and regarded as a special form of adult coeliac disease. Subsequent 
studies have shown that collagenous sprue is not a specific entity (Bos
SART et al. 1975). Prior to the reporting of these four unusual cases of CC 
with concomitant malabsorption, other reported patients with CC had not 
shown clinical, laboratory or biopsy evidence of coeliac disease. It is 
tempting to suggest a causal relationship between the changes seen in the 
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small bowel and those in the colon. However, chance association is a more 
plausible explanation and until further data are obtained, CC should not 
be considered as synonymous with or related to coeliac disease. Some 
patients with CC have also shown thyroid function disturbance (PARIENTE 
et a1. 1985; JESSURUN et a1. 1987; WANG et a1. 1987; WIDGREN et a1. 1988). 

8 Aetiology and Pathogenesis 

The study of CC raises a number of questions. Is CC related to inflamma
tory bowel disease? Which mechanisms are responsible for producing both 
the collagenous deposit and the chronic watery diarrhoea? The characteris
tic collagenous thickening of CC has not been reported in the vast litera
ture on inflammatory bowel disease, regardless of type (ulcerative colitis, 
Crohn's disease, ischaemic colitis, infectious colitis, amoebic colitis etc.), 
nor in connective tissue disorders involving the colon or in the so-called 
transitional mucosa adjacent to colorectal carcinoma (RIDDELL and LEVIN 
1977). Moreover, as mentioned earlier, patients with CC have not shown 
convincing evidence of coexisting inflammatory bowel disease. 

Could CC be preceded by some form of 'colitis'? So far, no convincing 
evidence has been published to support this hypothesis. Two recent reports 
of patients with CC (KINGHAM et a1. 1986; JESSURUN et a1. 1986) have 
suggested that so-called microscopic colitis could be a possible precursor. 
However, it should be pointed out that the histological appearances of CC 
and microscopic colitis are quite different, even though patients with both 
conditions present with chronic watery diarrhoea. Toe characteristic band
like thickening of CC has not been described in microscopic colitis. Con
versely, the typical excess of neutrophils seen in microscopic colitis (KING
HAM et a1. 1982; Bo-LINN et a1. 1985) is not a feature of Cc. 

PASCAL and co-workers (PASCAL et a1. 1968; KAYE et a!. 1968) have 
shown that the subepithelial basement membrane of the normal colorectal 
mucosa is closely associated with the pericryptal fibroblast sheath. Its con
stituent fibroblasts arise from around the lower part of the crypts and mi
grate towards the surface. Moreover, these fibroblasts are responsible for 
collagen production and deposition within the basement membrane. The 
band-like thickening of CC could therefore result from some disorder of 
collagen synthesis by the fibroblasts or the myofibroblasts of the pericryp
tal sheath. An inflammatory or toxic injury to these cells could be responsi
ble for excess collagen synthesis and hence its accumulation underneath 
the basement membrane. The resulting collagenous deposit could interfere 
with the colonic resorption of water and electrolytes, thereby accounting 
for the watery diarrhoea. 

On the other hand, could the collagenous thickening of CC represent 
a consequence rather than the cause of the watery diarrhoea? The latter 
hypothesis seems unlikely because the different types of inflammatory 
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bowel disease usually associated with chronic diarrhoea do not show evi
dence of such collagenous thickening. It is interesting to note that col
lagenous thickening somewhat similar to that of CC has been described 
associated with the basement membrane of colorectal hyperplastic polyps 
(FLE10U et al. 1984). 

In summary, despite some reservations, CC has become accepted as a 
distinctive, albeit somewhat mysterious, disorder of colorectal mucosa. 
The aetiology, the pathogenesis, the true incidence and the clinical signifi
cance of CC need more clarification. 

References 

Anonymous (1986) Collagenous colitis. Lancet II:1136-1137 
Birembaut P, Adnet 11. Feydy P, Bogomoletz WV (1982) Colite collagene: approche im

munomorphologique de la lesion. Gastroenterol CIin BioI 6:833 
BogomoletzWV(1983) Collagenous colitis: a clinicopahtological review. Surv Dig Dis 1:19-25 
Bogomoletz WV. Adnet 11, Birembaut P. Feydy P. Dupont P (1980) Collagenous colitis; and 

unrecognised entity. Gut 21: 164-168 
Bo-Linn GW. Vendrell DO, Lee E. Fordtran lS (1985) An evaluation of the significance of 

microscopic colitis in patients with chronic diarrhoea. 1 CIin Invest 75:1559-1569 
Bossart R. Henry K. Booth Cc. Doe WF (1975) Subepithelial collagen in intestinal malab

sorption. Gut 16: 18-22 
Breen EG. Farren C. Connoly CEo McCarthy CF (1987) Collagenous colitis and coeliac 

disease. Gut 28:364 
Debongnie lC. De Galocsy C. Caholessur MO. Haot 1 (1984) Collagenous colitis: a transient 

condition1 Report of two cases. Dis Colon Rectum 27:672-676 
Eaves ER. McIntyre RLE. Wallis PL. Korman MG (1983) Collagenous colitis: a recently 

recognised reversible clinicopathological entity. Aust NZ 1 Med 13:630-632 
Erlendsson 1. Fenger C. Meinicke 1 (1983) Arthritis and collagenous colitis. Report of a case 

with concomitant chronic polyarthritis and collagen()us colitis. Scand 1 Rheumatol 
12:93-95 

Flejou JF. Grimaud JA. Molas G. Baviera E. Potet F (1984) Collagenous colitis. Ultrastruc
tural study and collagen immunotyping of four cases. Arch Pathol Lab Med 108:977-982 

Foerster A. Fausa 0 (1985) Collagenous colitis. Pathol Res Pract 180:99-104 
Giardello FM. Bayless TM. Jcssurun 1. Hamilton SR (1985) Collagenous colitis: physiologic 

and pathologic studies. Gastroenterology 88: 1392 
Gledhill A. Cole FM (1984) Significance of basement membrane thickening in the human 

colon. Gut 25: 1085- 1088 
Hamilton I. Sanders S. Hopwood D. Bouchier lAD (1986) Collagenous colitis associated with 

small intestinal villous atrophy. Gut 27: 1394-1398 
Hwang WS. Kelly lK. Shaffer EA. Hershfield NB (1986) Collagenous colitis: a disease of 

pericryptal fibroblast sheath? 1 Pathol 149:33-40 
lessurun J. Yardley JH. Lee EL. Vendrell DO. Schiller LR. Fordtran JS (1986) Microscopic 

and collagenous colitis: different names for the same condition'? Gastroenterology 
91:1583-1584 

Jcssurun J. Yardley JH. Giardello FM. Hamilton SR. Bayless TM (1987) Chronic colitis with 
thickening of the subepithelial collagen layer (collagenous colitis): histopathologic findings 
in 15 patients. Hum Pathol 18:839-848 

Kaye GI, Lane N, Pascal RR (1968) Colonic pericryptal fibroblast sheath: replication, migra
tion and cytodifferentiation of a mesenchymal cell system in adult tissue. II. Fine ultra
structural aspects in normal rabbit and human colon. Gastroenterology 54:852-865 



Collagenous Colitis 227 

Kingham JGc, Levison DA, Ball JA, Dawson AM (1982) Microscopic colitis - a cause of 
chronic watery diarrhoea. Br Med J 285: 1601-1604 

Kingham JGc, Levison DA, Morson BC, Dawson AM (1986) Collagenous colitis. Gut 
27:570-577 

Lindstrom CG (1976) "Collagenous colitis" with watery diarrhoea - a new entity? Pathol Eur 
11 :87-89 

Loo FD, Wood CM, Soergel KH, Komorowski RA, Cheung H, Gay RE (1985) Abnormal 
collagen deposition and ion transport in collagenous colitis. Gastroenterology 88: 1481 

Maroy B (1986) Effet du Collagen an sur rarthropathie associee it la colite collagene. Presse 
Med 15:1974 

Mason CH, Jewell DP (1985) Collagenous colitis: a report of five cases. Gut 26:A1152 
Mogensen AM, Olsen JH, Gudman-Hoyer E (1984) Collagenous colitis. Acta Med Scand 

216:535-540 
Palmer KR, Berry H. Wheeler PL Williams CB, Fairclough p, Morson BC, Silk DBA (1986) 

Collagenous colitis - a relapsing and remitting disease. Gut 27:578-580 
Pariente EA. Chaumette MT. Maitre F, Delchier JC, Soule JC, Bader JP (1985) Colite col

lagcne, deficit en IgA, maladie de Basedow et gastrite atrophique. Gastroenterol Clin 
Bioi 9:738-741 

Pascal RR, Kaye GI, Lane N (1968) Colonic pericryptal fibroblast sheath: replication, migra
tion and cytodifferentiation of a mesenchymal cell system in adult tissue. I. Autoradio
graphic studies of normal rabbit colon. Gastroenterology 54:835-851 

Rams H, Rogers AI, Ghandur-Mnaymneh L (1987) Collagenous colitis. Ann Intern Med 
106: 108-113 

Rask-Madsen J. Grove 0, Hansen MGJ. Buckhave K, Henrik-Nielsen R (1983) Colonic trans
port of water and electrolytes in a patient with secretory diarrhoea due to collagenous 
colitis. Dig Dis Sci 28: 1141-1146 

Riddell RH, Levin B (1977) Ultrastructure of the "transitional" mucosa adjacent to large c 

bowel carcinoma. Cancer 40:2509-2522 
Teglbjaerg PS, Thaysen EH (1982) Collagenous colitis: an ultrastructural study of a case. Gas

troenterology 82:561-563 
Teglbjaerg PS, Thaysen EH, Jensen HH (1984) Development of collagenous colitis in sequen

tial biopsy specimens. Gastroenterology 84:703-709 
Wang KK, Perrault J, Carpenter HA, Schroeders KW, Tremaine WJ (1987) Collagenous colitis: 

a clinicopathologic correlation. Mayo Clin Proc 62:665-671 
Widgren S, Jlidi R, Cox IN (1988) Collagenous colitis: histologic. morphometric, immunohis

tochemical and ultrastructural studies. Report of21 cases. VirchowsArch [A] 413:287-296 
Williams GT, Rhodes J (1987) Collagenous colitis: disease or diversion. Br Med J 

294:855-856 



B Ischaemic Colitis 

A. B. PRICE 

Introduction · 229 

2 Pathophysiology and Natural History · 230 

3 Endoscopic Features . · 232 

4 Biopsy Appearances · 232 
4.1 Gangrenous Ischaemia . 232 
4.2 Non-gangrenous Ischaemia · 232 
4.2.1 Acute Phase · 232 
4.2.2 Reparative Phase · 234 
4.2.3 The Phase of Stricture 235 

5 Difficulties and Differential Diagnoses · 236 
5.1 Ulcerative Colitis and Crohn's Disease · 237 
5.2 Mucosal Prolapse Syndrome and Solitary Ulcer. · 237 
5.3 Pseudomembranous Colitis · 239 
5.4 Radiation Colitis . 240 
5.5 Vasculitis . 240 
5.6 Bch<;ct's Syndromc 241 
5.7 Collagenous Colitis 242 
5.8 Drug-Induccd Ischaemic Colitis 242 
5.9 Infective Colitis 242 
5.10 Obstructive Colitis 244 

6 Conclusions 245 

Referenccs · 245 

1 Introduction 

In a retrospective study of 81 patients presenting with colitis after the age 
of 50 years, ischaemic colitis was diagnosed in 75%, one-half of whom had 
an original discharge diagnosis of ulcerative colitis or Crohn's disease. The 
authors (BRANDT et al. 1981) claimed ischaemic colitis is the commonest 
cause of colitis in this age group. Whether or not this is the case, ischaemic 
bowel disease is an underdiagnosed entity. It is clearly important for the 
pathologist to recognise the basic patterns of ischaemic bowel disease and 
not to overdiagnose Crohn's disease and ulcerative colitis with their con
sequent major clinical and social implications. Recognition of ischaemic 
damage in a biopsy will direct the clinician's attention to investigate the 
vascular system, either the major vessels, or, in the correct setting, causes 
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of systemic vasculitis. Drugs may be implicated in some cases (RIDDELL 
1982), as may mechanical factors such as mucosal prolapse (OU BOULAY 
et al. 1983). Ischaemia has always been thought to playa role in severe 
bowel infections, in particular those due to Clostridia spp., via the vaso
constrictive effects of released bacterial toxins (MARSTON 1977). Ischaemia 
therefore envelops a wide spectrum of disease entities in which the basic 
event is an insufficient blood supply for the needs of the mucosa. 

The precise biopsy picture of ischaemic colitis or proctitis depends on 
the rate of onset of the ischaemic insult and when in the natural history 
the biopsy is taken. This in turn depends on the aetiology of the ischaemia. 
In broad terms this may be an occlusive event or the consequence of a low 
flow state (non-occlusive). The final surgical report iss.ued relies on know
ing the clinical story, colonoscopic features and radiological picture. For 
example, ischaemia in the geriatric patient is likely to be due to degenera
tive vascular disease affecting the mesenteric vessels, whereas in the mid
dle-aged patient with a long history of rheumatoid arthritis a vasculitis 
should be sought. An ischaemic picture in a young woman might prompt 
an inquiry about use of the contraceptive pill. The clinicopathological 
range is from infarction and gangrene to fleeting attacks of abdominal pain 
and bleeding per rectum in which full mucosal recovery can be swift. Be
tween the two extremes is ischaemia of slower onset and a more chronic 
nature. It is in this group that biopsy generally has its main role. 

2 Pathophysiology and Natural History 

Prior to a description of the diagnostic biopsy features it is useful to ap
preciate the mechanism and evolution of the ischaemic lesion. The 
superior mesenteric artery supplies the proximal half of the large bowel 
whilst the inferior mesenteric and branches of the iliac arteries reach the 
distal half. The splenic flexure is believed to be most susceptible to isch
aemic damage as it is the area of anastomosis between the superior and 
inferior vessels (ALSCHIBAJA and MORSON 1977). However, injection 
studies have failed to substantiate the concept of a watershed area at this 
site (BINNS and ISAACSON 1978). Furthermore in a study of 1000 cases of 
ischaemic colitis (REEDERS et a1. 1984) the distribution of disease was 
right colon 8%, transverse colon 15%, splenic flexure 23%, descending 
colon 27%, sigmoid colon 23% and rectum 24%. 

The causes of ischaemia can be grouped into major vessel arterial 
occlusion, small vessel disease, venous occlusion, mechanical and non
occlusive factors (Table 1). It is likely that more than one factor frequently 
operates and non-occlusive factors related to perfusion pressures can have 
a dominant role in over 30% of patients (RENTON 1972). The complex rela
tion of pressure and lumenal dimension is apparent from the observation 
that ischaemic symptoms are unlikely until the patency of major vessels is 
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Table 1. The causes of large bowel ischaemia 

Arterial occlusion 
Superior mesenteric artery (commonly thrombo-atheromatous disease) 
Inferior mesenteric artery (commonly surgical intervention) 
Small vessel disease 
Diabetes mellitus 
Amyloidosis 
Irradiation vasculopathy 
Arteritis (see Table 2) 
Renal transplantation/immunosuppression 
Venous occlusion 
Thrombosis: Idiopathic 

Portal hypertension 
Acute pancreatitis 
Hypercoagulability states 

Mechanical factors 
Direct extrinsic pressure - tumours. bands etc. 
Intrinsic factors - prolapse 
Non-occlusive faclors 
Shock 
Dehydration 
Drugs 
Large bowel obstruction: Tumours 

Hirschsprung's disease 
Volvulus 
Diverticular disease 
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reduced by 50%-80% (DICK et al. 1967; MAYet al. 1963), but even then 
the correlation of symptoms with degrees of stenosis is poor (CROFf et al. 
1981). These generalisations obviously do not apply to focal ischaemic 
lesions caused by a local vasculitis. 

If the vascular insult is sufficient to overcome the effectiveness of the 
collateral circulation then cell death occurs from the mucosal aspect out
wards. The extent of the vascular deprivation, be it due to occlusion or 
non-occlusive factors, determines the degree of damage. Non-occlusive, or 
low flow states, usually produce more extensive damage (RENTON 1972) 
which takes the form of acute haemorrhagic infarction or one of the vari
ous forms of 'necrotising colitis' (ALSCHIBAJA and MORSON 1977; 
MARSTON 1986). Major surgery rather than biopsy is the usual outcome. 
With lesser degrees of vascular deprivation a phase of repair occurs follow
ing the initial mucosal damage. Granulation tissue is produced, then fi
brosis and re-epithelialization (WHITEHEAD 1976). The final phase will be 
a stricture if damage was severe, or complete recovery if damage was limit
ed. The pattern of pathology has close parallels to that of ischaemic dam
age in the heart. Interpretation of the pathology of ischaemic colitis de
pends on when in this progression the biopsy is taken. 
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3 Endoscopic Features 

The appearence of the colonic mucosa and the distribution of the changes 
are essential information, especially if the biopsy features prove to be in
conclusive. Like the pathology, the endoscopic features also reflect the 
rate of onset of ischaemia. In acute episodes the clinician will normally 
see focally swollen bluish-purple mucosa that is oedematous and which 
bleeds on contact (DAWSON and SCHAEFER 1971; SCOWCROFTet al. 1981). 
Focal ulceration is common and whilst this predominates on the left side 
the aetiology of the ischaemia determines the precise site. In chronic isch
aemia, if a stricture has formed, a distinction from Crohn's disease is more 
difficult. Chronic ischaemia in the rectum is rare but when present white 
mucosal scars can be detected during sigmoidoscopy (DEVROEDE et al. 
1982) . 

4 Biopsy Appearences 

4.1 Gangrenous Ischaemia 

Biopsy is seldom performed in this dangerous phase of ischaemic colitis. 
On the rare occasions it has been carried out the mucosa and muscularis 
mucosae appear necrotic and suffused with blood. The ghost outline of the 
crypt positions may remain (WHITEHEAD 1976). Any submucosa present 
will contain free blood. The picture of infarcted mucosa is rarely a diagnos
tic problem. 

4.2 Non-gangrenous Ischaemia 

4.2.1 Acute Phase 

The characteristic feature is the damage developing in the superficial half 
of the mucosa (WHITEHEAD 1976). Early on there is oedema, haemor
rhage and degeneration of the lumenal half of the crypts (Fig. 1). The sur
face epithelium is progressively lost and the upper half of the crypts show 
varying degrees of degeneration. Where crypt cells survive, especially in 
the lower half of the mucosa, there is loss of mucin, the cells are flattened, 
they are basophilic and have hyperchromatic nuclei. There is an accom
panying, mild to moderate, inflammatory cell infiltrate in the lamina pro
pria of mixed pattern. Neutrophil leucocytes can be seen infiltrating in 
between the upper crypt cells but only in small numbers. The lamina pro
pria is frequently haemorrhagic and, in addition, can possess an opaque 
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Fig. 1. In this early phase of acute ischaemia there is mucosal oedema. haemorrhage and 
characteristic crypt degeneration mostly in the superficial half of the mucosa. HE. x \02.5 

Fig. 2. More advanced acute ischaemia than in Fig. 1. The superficial half of the crypts are 
lost or degenerate. Deeper down they are hyperchromatic. the lamina propria has an opaque 
eosinophilia with fibrin plugs noted in small vessels (arrowed). Intlammation is present but 
minor. HE. x 157.5 
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Fig. 3. A biopsy showing early ischaemic damage due to a cholesterol embolus (inset). HE. 
x 26. x 650 

eosinophilic quality that can be mistaken for a collagen band (Figs. 2. 
10 a, b). This appears to be a combination of oedema and fibrinous mate
rial. Capillaries may contain fibrin plugs. Clearly the more severe the dam
age the more complete the crypt destruction, with a picture of full thick
ness mucosal necrosis being the end-point. Such a picture is not specific to 
ischaemia but it is helpful to search for the ghost outlines of crypts, the 
eosinophilia of the lamina propria and the limited inflammatory compo
nent as useful residual clues of the aetiology. 

Any submucosa present in the biopsy is usually oedematous. This is 
the basis of the radiologists' 'thumb-print' sign. A careful inspection of ves
sels should always be made to try and identify an aetiological factor. Thus 
a vasculitis may be apparent, a thrombus or even a cholesterol embolus 
from a more central atheromatous plaque (Fig. 3) (DARSEE 1979). Any 
thrombus present must be evaluated in relation to an intact surface for 
beneath severely damaged and ulcerated mucosa it is likely to be second
ary. Disseminated intravascular coagulation is an important cause of isch
aemic disease in which thrombi in small vessels are the key feature (MAR
GARETTAN and McKAY 1971; WHITEHEAD 1971). 

4.2.2 Reparative Phase 

It is convenient to consider this a separate phase but in practice the acute 
and healing stages occur alongside each other. The microscopic picture is 
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Fig. 4. Granulation tissue and regrowth of the surface epithelium in the reparative phase of 
ischaemic colitis. HE, x 157.5 

determined by the depth of crypt damage that occurs. If the basal 
epithelium survives, the crypts can regenerate and the mucosa return to 
normal (DAWSON and SCHAEFER 1971; WHITEHEAD 1976). If damage is 
more severe, distorted and reduced numbers of crypts are the end result. 
At first granulation tissue forms and then the epithelium reg rows over the 
surface (Fig. 4). Regeneration of crypts follows most often with fibrosis of 
the lamina propria, which is the characteristic feature of the reparative and 
subsequent phases. Its presence allows a distinction to be made from the 
distorted crypt pattern seen in other causes of inflammatory bowel disease, 
in particular ulcerative colitis. It is accompanied by capillary proliferation 
and a mild to moderate mixed inflammatory infiltrate which can include 
iron-laden histiocytes (MARSTON et al. 1966). The latter are a relatively 
specific feature of ischaemic damage but not an especially sensitive one in 
biopsy work. 

4.2.3 The Phase of Stricture 

Fibrosis, the hallmark of healing after ischaemic damage, involves not only 
the mucosa but in cases of chronic vascular insufficiency also the mus
cularis mucosae, submucosa and superficial fibres of the circular muscle. 
It is the basis for the formation of an ischaemic stricture. This can be the 
end-point not only of servere disease in which immediate surgery had been 
avoided. but also recurrent bouts of mild or subclinical disease. This latter 
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Fig. 5. In the healed phase of ischaemia there is fibrosis of the lamina propria with crypt 
atrophy and mild telangiectasia. HE, x 157.5 

picture is often referred to under the category of evanescent colitis or 
transient colitis (MARSTON et al. 1966; MILLER et al. 1971; BARCEWICZ 
and WELCH 1980; HERON et al. 1981). Fibrosis dominates the biopsy pic
ture, inflammation is minimal and the crypt architecture shows varying de
grees of distortion (Fig. 5). A van Gieson stain is useful to highlight these 
features and again, the presence of iron-laden macrophages is a useful 
diagnostic attribute when present. 

5 Difficulties and Differential Diagnoses 

The diagnosis is relatively clear-cut when any of the above patterns are 
also accompanied by an arteritis, obvious primary vascular occlusion or a 
classical clinical history and colonoscopic picture. In acute but non-gan
grenous disease when destruction is limited to the superficial half of the 
mucosa confusion may arise with pseudomembranous colitis (see below), 
and very rarely the change in staining quality of the lamina propria may 
mimic collagenous colitis. The pattern of crypt damage can resemble that 
seen in infective colitis. However, as discussed below, other parameters in 
these conditions make confusion unlikely. Problems also arise in the re
parative phase, for any healing ulcer can re-epithelialise and will then 
show crypt distortion, granulation tissue and some fibrosis. However. it 
will be more focal than that seen in a series of ischaemic biopsies. 
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5.1 Ulcerative Colitis and Crohn's Disease 

To be confident of distinguishing crypt distortion as seen in ulcerative 
colitis from the pattern in ischaemia all of the other microscopic abnor
malities present in the biopsy must be carefully assessed (TALBOT and 
PRICE 1987) as well as the biopsies from other sites, if colonoscopy was 
performed. Ischaemic colitis, though it predominates on the left side, is 
usually patchy and focal mucosal haemorrhages are noted at endoscopy. 
The inflammatory infiltrate in the ischaemic biopsy seldom reaches the in
tensity seen in ulcerative colitis and Crohn's disease whilst the unusual pat
tern of superficial crypt damage seen in the acute stage is unlike anything 
observed in these latter conditions (Fig. 2). In chronic ischaemia the fibro
sis that accompanies the crypt irregularity is distinctive, imparting a dense 
texture to the lamina propria (Fig. 5). In quiescent atrophic ulcerative 
colitis the latter often appears empty and hypocellular. Where a pattern of 
total colitis is seen, ischaemia is an unlikely consideration as such wide
spread disease of an ischaemic aetiology would almost certainly have 
precipitated a surgical emergency. 

5.2 Mucosal Prolapse Syndrome and Solitary Ulcer 

Although this entity is listed under differential diagnosis there are strong 
arguments for believing the pathologenesis is ischaemic. The term solitary 
ulcer was applied initially to a lesion on the anterior rectal wall (RUTTER 
and RIDDELL 1975) but it is now appreciated that the histology can be seen 
at any site of potential mucosal prolapse (DU BOULAYet al. 1983). Several 
of the microscopic features of 'prolapse' point to ischaemia based on inter
ference with the blood supply in the mucosa from the shearing stress. Thus 
there is often an increase in density and eosinophilia of the collagen in the 
lamina propria, degeneration involving the upper half of the cryptal 
epithelium and capillary congestion. In addition to the ischaemic features 
the diagnosis is suggested by the vertically orientated smooth muscle fibres 
seen in the lamina propria that are in continuity with the muscularis 
mucosae (Fig. 6). There can also be a variable degree of ulceration. Often 
the latter is restricted to tiny surface foci between the crypts. These inter
cryptal erosions or foci of microscopic surface ulceration between adjacent 
crypts are associated with fibrin, epithelial debris and polymorphs (Fig. 7). 
They can be seen on the surface of prolapsing piles, on stalked polyps of 
any variety and on the redundant mucosal folds in diverticular disease. 
They also have a resemblance to the type 1 lesions of pseudomembranous 
colitis (see below) (Fig. 8). 

On a single biopsy and in the absence of the displaced muscle fibres it 
can be extremely difficult to separate primary chronic ischaemia from a 
local focus of mucosal prolapse. However, the sigmoidoscopic, colono
scopic and clinical data usually help resolve the problem with little diffi-
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Fig. 6. I n this biopsy of the mucosal prolapse syndrome the muscle fibres are well seen run
ning up into the lamina propria. There is telangiectasia . some fibrosis and the crypts show 
goblet cell depletion. HE . x 157.5 

'. 

, . ... 
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Fig. 7. Intercryptal erosions in mucosal prolapse. Note the crypt degeneration. the opacity of 
the lamina propria and the absence of significant inflammation . This should be compared with 
Fig. 8. HE. x 157.5 
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Fig. 8. A type summit lesion in pseudomembranous colitis for comparison with Fig. 7. 
Although the intercryptal erosion might appear similar here there are more acute inflammat
ory cells in the lamina propria and the crypts show little abnormality. HE, x 157.5 

culty, At the anal margin prolapsing mucosa often presents as a polyp that 
has been termed an inflammatory cloacogenic polyp (LOBERT and ApPEL
MAN 1981), 

5.3 Pseudomembranous Colitis 

Prior to the discovery that this condition was due to Clostridium difficile 
(LARSON and PRICE 1977; BARTLETT et aL 1978) it was classified as part 
of the spectrum of ischaemic bowel disease, The typical type 2 lesions 
(PRICE and DAVIES 1977) are unlike anything seen in primary ischaemia, 
though there is a similarity between the type 1 summit lesions (Fig, 8) and 
the microscopic intercryptal erosions just described in the mucosal pro
lapse syndrome (Fig, 7), However, the adjacent mucosal changes in these 
two different conditions makes distinction easy, In pseudomembranous 
colitis at this stage the mucosa has minimal inflammatory abnormalities, 
often resemblilng mild forms of infective colitis; in prolapse there is 
mucosal fibrosis and ramification of muscle fibres within the lamina prop
na, 

As the lesions of pseudomembranous colitis progress, mucosal destruc
tion becomes more complete, with ulceration and inflammatory slough 
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(PRICE and DAVIES 1977). The ghost outlines of crypts can survive. It is at 
this stage that the picture is indistinguishable from severe ischaemic colitis. 
The diagnosis then depends on evaluating other attributes in less affected 
mucosa, either in a single biopsy or in other biopsy sites if part of a colono
scopic series. 

5.4 Radiation Colitis 

One of the prime targets of radiation damage is the medium-sized vessel 
and hence the pathogenesis of radiation-induced colitis is ischaemic. The 
changes of ischaemic colitis are present but in addition the characteristic 
bizarre radiation fibroblasts can be seen in the lamina propria and submu
cosa (BERTHRONG and FAJARDO 1981). They are associated with hyalinisa
tion of the collagen. Telangiectatic capillaries are often prominent in the 
lamina propria and these too may have a thin cuff of hyalinised 
eosinophilic collagen (Fig. 9) (HASLETON et al. 1985). The diagnosis of 
radiation-induced ischaemic colitis rarely presents difficulty and the clinical 
history provides the strongest initial clue. 

5.5 Vasculitis 

A vasculitis of the small vessels of the colon can occur during the course 
of many systemic diseases (Table 2), including Crohn's disease (CAMILLERI 
et al. 1983; KNUTSON et al. 1968; KUMAR and DAWSON 1972). Gastrointes
tinal symptoms are rarely the primary presentation and bowel involvement 
generally becomes manifest during the course of the disease. In one series 
of patients with rheumatoid arthritis rectal biopsy demonstrated a vas
culitis in 40% (TRIBE et al. 1981). In polyarteritis nodosa there is involve
ment in 40% -70% of cases though colonic involvement is rare. The diag
nosis of a systemic vasculitic discorder depends on a biopsy deep enough 
to show submucosal vessels. It may be necessary to cut levels, for like tem
poral arteritis, the vasculitis may be focal. The activity of disease at the 
time of biopsy determines which of the range of features of ischaemia may 

Table 2. The causes of colonic vasculitis 

Polyarteritis nodosa 
Allergic granulomatosis 
Rheumatoid arthritis 
Systemic lupus erythematosus 
Scleroderma 
Beh<;cts syndromc 
Crohn's disease 
Buerger's disease 
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Fig. 9. In this biopsy thc opaque hyalinised connective tissue of the lamina propria is well 
seen with some bizarre radiation fibroblasts (arrowed). Some of the crypts illustrate degener
ate ischacmic changc similar to those in Figs. 1 and 2. HE, x 157.5 

be manifest. A Martius scarlet blue stain will help in the identification of 
fibrin in the walls of involved vessels and an Elastic and van Gieson pre
paration will demonstrate damaged vessels that may have healed with 
minimal residual inflammation. A venulitis has been described in systemic 
lupus erythematosus (HELLILWELL et al. 1985). Buerger's disease is a very 
rare vasculitic disorder in which colonic disease has been documented as a 
presenting feature (ROSEN et al. 1985). The characteristic pathology is the 
presence of mural inflammation in an occluded vessel but with an intact 
internal lamina. This is in marked contrast to the other causes of vasculil
tis. Whilst a challenging diagnosis to make, it is seldom that large enough 
vessels are sampled in a biopsy. 

5.6 Beh~et's Syndrome 

This multisystem disorder can involve the colon to produce a right-sided 
ulcerating colitis or a total colitis (SMITH et al. 1973). The picture may re
semble ischaemia and a lymphocytic venulitis has been described (LEE 
1986). More often the biopsy pattern resembles Crohn's disease (O'CON
NELL et al. 1980). If the pattern is ischaemic then it is only with the inte
gration of the clinical data and the history of mucocutaneous ulceration 
that the diagnosis can be made. 
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5.7 Collagenous Colitis 

In most circumstances collagenous colitis is not likely to be confused with 
ischaemia. The collagen band, which is usually discrete and subepithelial, 
points to the correct diagnosis (BOGOMOLETZ et al. 1980 and vide supra) 
whilst the history of prolonged watery diarrhoea is unlike an ischaemic pre
sentation (KINGHAM et al. 1986). However, occasionally the collagen band 
appears more diffuse in some foci and can rr,erge into the lamina propria 
of the upper half of the mucosa. The adjacent regions of the crypts then 
appear degenerate. Such a picture does have a resemblance to the opaque 
eosinophilic texture of the superficial lamina propria in ischaemia with its 
accompanying crypt degeneration (Fig. 10 a, b). The strong staining for col
lagen, the detection of a more discrete band elsewhere in the biopsy or in 
other biopsies and the history resolve the problem. 

5.8 Drug-Induced Ischaemic Colitis 

Vasopressin, ergot, digoxin and antihypertensive drugs can produce vaso
constriction and subsequent ischaemia (RIDDELL 1982). The vascular com
plications of the contraceptive pill have received much publicity and 
should certainly be considered if ischaemic changes are recognised in a 
young female patient (COTTON and THOMAS 1971). The symptomatology 
is often one of transient attacks of abdominal pain and rectal bleeding. A 
biopsy may show acute ischaemic damage but recovery has often occurred 
before arrangements for a biopsy have been made. Recurrent bouts of 
such attacks can lead to intestinal strictures. Chlorpromazine is a rare 
cause of ischaemic bowel disease (HAY 1978). It interferes with intestinal 
motility and can precipitate an obstructive colitis (see below) that is be
lieved to have an ischaemic basis. 

5.9 Infective Colitis 

The pattern of crypt damage, so-called crypt withering (TALBOT and PRICE 
1987), seen in infective colitis has some resemblance to that in the acute 
ischaemic episode. Thus the cryptal epithelium is degenerate, flattened and 
hyperchromatic (Fig. 11). The damage is frequently most severe in the 
superficial half of the mucosa, as in ischaemia (Figs. 1, 2). In general the 
inflammatory infiltrate, especially the polymorphs seen between the 
epithelial cells (PRICE et al. 1979), is characteristic and not seen in isch
aemia. However, if the inflammation is muted, a diagnostic problem can 
exist. 

Confusion between infection and ischaemia is not too bizarre a concept 
for in surgical resections there is continuing controversy over the roles of 
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Fig. 10. a Florid collagenous colitis wjth an expanded collagen plate occupying two-thirds of 
the mucosa along with sllperficial crypt degeneration. This should be compared with Fig. 10 b. 
HE. x 275. b A biopsy from a case of acute ischaemic colitis. Towards the right the lamina 
propria has an opaque eosinophilic texture that can be confused with collagenolls colitis (see 
Fig. 10 a). The haemorrhage and the failure to stain for collagen distinguish the biopsy from 
genuine collagenous colitis. HE, x 157.5 
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Fig. 11. Infective colitis to demonstrate the crypt withering which can resemble the crypt 
damage in ischaemia (sec Figs. I, 2 and 7). The acute inflammatory infiltrate and ocdcmatous 
lamina propria are quite different. HE, x 157.5 

infection and ischaemia in the group of conditions that can be loosely 
termed 'necrotising colitis' (ALSCHIBAJA and MORSON 1977; MARSTON 

1986). The ischaemic bowel is susceptible to secondary bacterial infection 
and conversely some bacterial toxins, such as those of certain Clostridia 
spp., can cause vasoconstriction and hence ischaemic damage (MARSTON 

1977). 

5.10 Obstructive Colitis 

Obstructive colitis is believed to be a form of ischaemic colitis that occurs 
in 1 % - 5 % of cases proximal to a stenosis or obstruction, of whatever 
cause. It is usually due to a carcinoma but diverticular disease (FELDMAN 

1975), impacted faeces (GEKAS and SCHUSTER 1981) and drugs affecting 
motility (HAY 1978) may be the cause. The colitis is nearly always seen 
proximal to the obstruction and separated from it by a zone of normal 
mucosa. It is seldom a biopsy problem but its importance lies in realising 
its existence as a pattern of colitis and not making an erroneous diagnosis 
of Crohn's disease or ulcerative colitis. A biopsy may show the features of 
the acute phase of ischaemia but may simply show non-specific inflammat
ory changes in less dramatic cases. The pathogenesis is thought to be via a 
rise in intraluminal pressure sufficient to produce a fall in intramural blood 
flow and subsequent ischaemic mucosal damage. 
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6 Conclusions 

Ischaemic colitis in its typical patterns is not a difficult diagnosis to make 
though the differential problems described here need consideration. In the 
elderly, who are most at risk it is probably underdiagnosed. It seems most 
probable that many geriatric patients with biopsies labelled 'non-specific 
colitis' do have an ischaemic basis for their symptoms and pathology, but 
it remains proven. A second area in which ischaemia is insufficiently ap
preciated as the basis for pathology is in mucosal prolapse. Characteristic 
changes occur relatively commonly as an incidental and focal finding in a 
wide variety of large bowel problems. 

References 

Alschibaja T, Morson BC (1977) Ischaemic bowel disease. J Clin Pathol 30 [Suppl 11]:68- 77 
Barcewicz PA, Welch JP (1980) Ischaemic colitis in young patients. Dis Colon Rectum 

123: 109-114 
Bartlett JG, Moon N, ChangTW, Taylor N, Oderdonk AB (1978) Role of Clostridium difficilc 

in antibiotic-associated pseudomembranous colitis. Gastroenterology 75:778-782 
Berthrong M, Fajardo LF (1981) Radiation injury in surgical pathology. Part II. Alimentary 

tract. Am J Surg Pathol 5: 153-178 
Binns JC, Isaacson P (1978) Age-related changes in colonic blood supply. Their relevance to 

ischaemic colitis. Gut 19:384-390 
Bogomolctz MY. Adnet J1. Birembaut P, Feydy p, Dupont P (1980) Collagenous colitis: an 

unrecognised entity. Gut 21: 164-169 
Brandt L, Boley S, Goldberg L, Mitsudo S, Berman A (1981) Colitis in the elderly. Am J 

Gastroenterol 7ri:239- 245 
Camilleri M, Pusey CD, Chadwick VS, Rees AJ (1983) Gastroinestinal manifestations of sys

temic vasculitis. Q J Med 52: 141-149 
Cotton PB, Thomas ML (1971) Ischaemic colitis and the contraceptive pill. Br Med J 3:27-28 
Croft RJ, Menon GP. Marston A (1981) Docs intestinal angina exist'! A critical study of 

obstructed visceral arteries. Br J Surg ri8:31ri-318 
Darsee JR (1979) Cholesterol embolism: the great masquerader. South Med J 72: 174-180 
Dawson MA, Schaefer JW (1971) The clinical course of reversible ischaemic colitis - observa

tions on the progression of sigmoidoscopic and histological changes. Gastroenterology 
6U:577-580 

Devroede G, Vobecky S, Masse S, Arhan P. Leger C, Duguay C. Hemond M (1982) Ischaemic 
fecal incontinence and rectal angina. Gastroenterology 83:970-980 

Dick AP, Graff R, Grcgg 0, Peters N, Samer M (19()7) An arteriographic study of mesenteric 
arterial disease. I. Large vessel changes. Gut 8:20ri-220 

du Boulay CEH, Fairbrother J, Isaacson PG (1983) Mucosal prolapse syndrome - a unifying 
concept for solitary ulcer syndrome and related disorders. J C1in Pathol 36: 1264-12ri8 

Feldman PS (1975) Ulcerative disease of the colon proximal to partially obstructive lesions. 
Dis Colon Rectum 18:ri01-612 

Gekas P, Schuster AM (1981) Stercoral perforation of the colon: case report and review of the 
literature. Gastroenterology 80: 1054-1058 

Haslcton PS, Carr N, Schofield PF (l9~5) Vascular changes in radiation bowel disease. His
topathology 9:517 - 534 



246 A. B. PRICE: Ischaemic Colitis 

Hay AM (1978) Association between chlorpromazine therapy and necrotizing colitis. Dis 
Colon Rectum 21 :380-382 

Hclliwell TR. Flook D. Whitworth 1. Day DW (1985) Arteritis and venulitis in systemic lupus 
erythematosus resulting in massive lower intestinal haemorrhage. Histopathology 
9: 1103-1113 

Heron HC. Khubchandani IT. Trimpi HD. Sheets JA. Starik JJ (1981) Evanescent colitis. Dis 
Colon Rectum 24:555-561 

Kingham JGC. Levison DA. Morson BC. Dawson AM (1986) Collagenous colitis. Gut 
27:570-577 

Knutson H. Lunderquist A. Lunderquist A (1968) Vascular changes in Crohn's disease. AJR 
H13:380- 385 

Kumar PJ. Dawson AM (1972) Vasculitis of the alimentary tract. Clin Gastroenterol 1:719-743 
Larson HE.Price AB (1977) Pseudomembranous colitis: presence of clostridial toxin. Lancet 

II: 1312-1314 
Lee RG (1986) The colitis of Beh<;et's syndrome. Am J Surg Pathol 10:888-893 
Lobert PF. Appelman HD (1981) Inflammatory cloacogenic polyps. A unique inflammatory 

lesion of the anal transitional zone. Am J Surg Pathol 5:761-766 
Margaretten W. McKay DG (1971) Thrombotic ulcerations of the gastrointestinal tract. Arch 

Intern Med 127:250-253 
Marston A (1977) Intestinal ischaemia. Edward Arnold. London. p 81 
Marston A (1986) Vascular disease of the gut. Edward Arnold. London. pp I-IS 
Marston A. Pheils MT. Lea Thomas. Morson BC (1966) Ischacmic colitis. Gut 7: 1-15 
May GM. De Weese JA. Rob CG (1963) Haemodynamic effects of arterial stenosis. Surgery 

53:513-524 
MillerWT. Dc Poto DW. Scholl HW. Rattensperger EC (1971) Evanescent CDlitis in the young 

adult: a new entity? Radiology 100:71-78 
O'Connell DJ. Courtney JV. Riddell RH (1980) Colitis of Beh<;et's syndrome - radiologic and 

pathologic features. Gastronintest Radiol 5:173-179 
Price AB. Davies DRD (1977) Pseudomembranous colitis. J Clin PathoI30:1-12 
Price AB. Jewkes J. Sanderson PJ (1979) Acute diarrhoea Campylabaeter colitis and the role 

of rectal biopsy. J Clin Pathol 32:990-997 
Reeders JWAJ. Tytgat GNJ. Rosenbusch G. Gratama S (1984) Ischaemic colitis. Martinus 

N ij hoff. Boston 
Renton CJC (1972) Non-occlusive intestinal infarction. Clin Gastroenterol 1:655-674 
Riddell RH (1982) The gastrointestinal tract. In: Riddell RM (cd) Pathology of drug induced 

and toxic diseases. Churchill Livingstone, Edinburgh. pp 516-520 
Rosen N, Sommer I. Knobel B (1985) Intestinal Buerger's disease. Arch Pathol Lab Med 

109:962-963 
Rutter KRP. Riddell RH (1975)The solitary ulcer syndrome of the rectum. Clin Gastrocnterol 

4:505-530 
Scowcroft CWo Sanowski RA. Kozarek RA (1981) Colonoscopy in ischaemic colitis. Gastroin

test Endosc 27: 156-161 
Smith GE. Kime LR. Pitcher JL (1973) The colitis of Beh<;efs disease: a separate entity? 

Colonoscopic findings and literature review. Am J Dig Dis 18:987-999 
Talbot l. Price AB (1987) Biopsy pathology in colorectal disease. Chapman and Hall, London 
Tribe CR. Scott DGI. Bacon PA (1981) Rectal biopsy in the diagnosis of systemic vasculitis. J 

Clin Pathol 34:843-850 
Whitehead R (1971) Ischaemic enterocolitis; an expression of the intravascular coagulation 

syndrome. Gut 12:912-917 
Whitehead R (1976) The pathology of ischaemia of the intestines. Pathol Annu 11: I-52 



C Intestinal Spirochaetosis 

P. S. TEGLBJJERG 

1 History · 247 

2 Morphology · 248 
2.1 Light Microscopy · 248 
2.2 Electron Microscopy . · 250 

3 Cultivation · 251 

4 Clinical Aspects · 251 

5 Conclusions · 254 

References · 254 

1 History 

Spirochaetes have been noted in human faeces since the end of the last 
century. Initially they were reported in patients suffering from cholera or 
infantile diarrhoea (ESCHERICH 1884, 1886), dysentery (DANTEC 1903) or 
appendicitis (THIROLOIX and DURAND 1911) and an anaerobe spirochaete, 
Spirochaeta eugyrata, was cultured from two symptomatic cases 
(THIROLOIX and DURAND 1911; HOUGE 1922). Subsequently spirochaetes 
were reported in the stools of healthy individuals (WERNER 1909; 
FANTHAM 1916; MACFIE 1917; PARR 1923). Other studies (MAZZA 1930) 
described the presence of spirochaetes in 9.8% of smears from the appen
diceal lumen in patients suspected of having appendicitis, while HURST and 
VOLLUM (1943) described a case of ulcerative colitis associated with Vin
cent's organisms. More extensive studies by SHERA (1953, 1962) reported 
52 patients in whom Vincent's organisms in faecal smears were associated 
with colonic symptoms and characteristic sigmoidoscopic appearances 
described as 'strawberry lesions'. A similar case was described by THOMAS 
(1956), but no further reports have appeared. Bacteriological culture and 
further characterisation of the spirochaetes was unsuccessful or incomplete 
in these early reports, making it difficult to compare the micro-organisms 
involved. 

The attachment of spirochaetes to the surface of the large intestinal 
mucosa was first described by HARLAND and LEE (1967), who carried out 
histological and ultrastructural studies and termed the condition 'intestinal 
spirochaetosis'. In a subsequent study (LEE et al. 1971) they found 
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spirochaetosis in 10/144 (6.9%) rectal biopsies and in 621790 (7.8%) appen
dices. No consistent symptom complex could be related to the 
spirochaetosis. Based on clinical evidence, however, other authors have 
claimed that the spirochaetes are enteropathogenic, although opinions 
vary over whether this occurs rarely (GEBBERS et al. 1987) or rather fre
quently (GAD et al. 1977; CRUCIOLI and BUSUTTIL 1981; DOUGLAS and 
CRUCIOLI 1981). 

In recent years the successful isolation, cultivation and propagation of 
spirochaetes from s~ools (TOMPKINS et al. 1981; SANNA et al. 1982) or from 
rectal biopsy specimens with histologically verified spirochaetosis 
(HOVIND-HoUGEN et al. 1982) has been reported. The growth characteris
tics and the morphology of the isolated spirochaetes differ sufficiently 
from previously isolated treponemes to justify a new designation, and the 
name Brachyspira aalborgi has been proposed for the type species 
(HOVIND-HoUGEN et al. 1982). 

2 Morphology 

2.1 Light Microscopy 

Live spirochaetes observed with the dark-field technique are short, thin 
and rather variable in appearance, some being comma shaped whereas 
others are helical with one or two complete turns. Some show a serpentine 
swimming type of motility, whereas others may rotate rapidly (HOVIND
HOUGEN et al. 1982; COOPER et al. 1986; JONES et al. 1986). They can be 
easily identified in hematoxylin-eosin stained sections. At low magnifica
tion the brush border of the surface epithelium appears unusually distinct 
as a dark, blue fringe approximately 3 ~m thick. At higher magnifications 
this fringe is seen to consist of numerous thin sinusoidal micro-organisms 

Fig. 1. A section from the superficial part of the colonic mucosa infested with spirochaetes. 
The spirochaetes appear as a dark fringe covering the surface epithelium (arrows). The infesta
tion ceases at the uppermost part of the crypts (arrowheads). No inflammatory reaction is 
observed. Light microscopy, HE, X 240 

Fig. 2. A section of the colonic surface epithelium infested with spirochaetes. The sinosoidal 
spirochaetes arc attached end-on to the luminal cell membrane between the microvilli, which 
appear shorter than normal. E, enterocyte: G, goblet cell. Electron microscopy, x 8700 

Fig. 3. A section of the luminal part of the colonic surface epithelium. The spirochaetes 
depress the cell membrane, and an electron lucent pit (P) is present at the tip of one 
spirochaete. Electron-dense material (arrows) is seen beneath the cell membrane at the point 
of contact. Nuclear material (N) and ribosomes (R) are present in the cytoplasm of the 
spirochaetes. MV, microvilli. Electron microscopy, X SO()()O 

Fig. 4. A section of the luminal part of the colonic surface epithelium. Spirochaetes (arrows) 
penetrating into the cytoplasm of the enterocyte (E). Electron microscopy, x80()() 
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Figs. 1-4 
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covering the surface of the epithelium, seldom extending more than a 
short distance into the crypts (Fig. 1) (HENRIK-NIELSEN et al. 1983, 1985; 
LEE et al. 1971). The epithelial cells harbouring the spirochaetes appear 
normal, without any morphological signs of damage, and the rest of the 
mucosa is uninflamed (LEE et al. 1971). Although the spirochaetes are eas
ily demonstrated in hematoxylin-eosin stained sections, silver techniques 
may produce a more dramatic high contrast staining of the spirochaetes 
(BURNS 1982; DERVAN 1985). The micro-organisms are Gram-negative. 

2.2 Electron Microscopy 

Negatively stained spirochaetes are regularly waved with tapered ends. The 
wavelength is about 2 [.tm, the maximum width is 0.2 ~lm, and the or
ganisms are 1.7-6.0 [.tm long. Four flagella are inserted at each end which 
wind around the organisms, overlapping in the mid region. The individual 
flagella consist of a shaft covered by a sheet, and the insertion part posses
ses a hook and a basal complex. The spirochaetes divide by binary fission 
of their cytoplasmic membranes (HOVIND-HoUGEN et al. 1982). Variants 
possessing five flagella at each end (SANNA et al. 1982; COOPER et al. 
1986) or being wider than usual (KAPLAN and TAKEUCHI 1979) have been 
reported. 

Ultrastructural examination of infested colonic or appendiceal mucosa 
usually reveals a forest of spirochaetes attached end-on to the luminal cell 
membrane between the microvilli. The microvilli themselves appear short
er or even depleted proportional to the density of the attached 
spirochaetes (Fig. 2) (HOVIND-HoUGEN et al. 1982; GEBBERS et al. 1987; 
RODGERS et al. 1986). The epithelial surface membrane at the attachment 
site is usually depressed to form a small electron-lucent pit between the 
tip of the organism and the cell membrane and a zone of electron-dense 
material is present just beneath the cell membrane at the point of contact 
(Fig. 3). The spirochaetes themselves are enveloped by two asymmetric 
unit membranes, the outer leaflets being slightly wider and more electron 
dense than the inner leaflets. Ribosomes and nuclear material can be 
recognised inside the cells. They are most prominent in the central zone, 
becoming scanty in the tapering ends, although nuclear strands may rarely 
be observed at the tips of the spirochaetes (HOVIND-HoUGEN et al. 1982). 
Intracytoplasmic tubules are not seen. The flagella are situated in the 
periplasmic space: in transverse sections of the middle part of the 
spirochaetes, they interdigitate. 

Scanning electron microscopic studies (TAKEUCHI et al. 1974; GAD 
et al. 1977; CRUCIOL! and BUSUTTIL 1981; ANTONAKOPOULOS et al. 1982) 
confirm numerous spiral-shaped micro-organisms attached to the epithelial 
brush order, all orientated perpendicular to the surface. Their approximate 
density has been calculated to reach about 1700 organisms/mm2 (TAKEUCHI 
et al. 1974). 



Intestinal Spirochaetosis 251 

3 Cultivation 

Spirochaetes have been cultured from stool specimens (KAPLAN and 
TAKEUCHI 1979; TOMPKINS et al. 1981; SANNA et al. 1982; JONES et al. 
1986) or from rectal biopsy specimens (HOVIND-HoUGEN et al. 1982; 
COOPER et al. 1986). They grow under strictly anaerobic conditions in an 
atmosphere of 5%-10% C0 2/90%-95% H2 at 37°-38.5°C on pre
reduced trypticase soy agar plates with 5% -10% blood added. The plates 
can be made selective by adding spectinomycin (400 ~lg/ml) and polymyxin 
(5 ~lg/ml). Some isolates form colonies within 3-5 days (KAPLAN and 
TAKEUCHI 1979; TOMPKINS et al. 1981; SANNA et al. 1982; COOPER et al. 
1986), whereas others (HOVIND-HoUGEN et al. 1982; JONES et al. 1986) 
grow slower, forming colonies within 2-4 weeks. The spirochaetes ferment 
glucose, fructose, lactose, maltose, sucrose and mannitol (SANNA et al. 
1982) although differences between individual isolates occur indicating that 
they probably do not represent a homogeneous group (JONES et al. 1986). 
The enzymatic activity of the spirochaetes has been investigated by 
HOVIND-HoUGEN et al. (1982) and JONES et al. (1986), the strains pub
lished by the latter being enzymatically the most active. 

4 Clinical Aspects 

Intestinal spirochaetosis occurs worldwide, having been reported from 
Great Britain (LEE et al. 1971; CRUCIOL! and BUSUTTIL 1981; COTTON 
et al. 1984; COOPER et al. 1986), France (LESBROS et al. 1981), Switzer
land (GEBBERS et al. 1987), Italy (MINIO et al. 1973; SANNA et al. 1982), 
Scandinavia (GAD et al. 1977; HOVIND-HoUGEN et al. 1982; HENRIK
NIELSEN et al. 1983, 1985; WILLEN et al. 1985), USA (GEAR and DOBBINS 
1968; TAKEUCHI et al. 1974; NEUTRA 1980; SURAWICZ et al. 1987; JONES 
et al. 1986), USSR (KOVALCHUK and GEBESH 1981), India (MATHAN and 
MATHAN 1985), South Africa (BURNS and HAYES 1985) and Argentina 
(MAZZA 1930). Intestinal spirochaetosis occurs in the colon and the appen
dix, but has never been described in other parts of the gastrointestinal 
tract. 

Information on the prevalence of intestinal spirochaetosis in healthy in
dividuals, who naturally do not present for sigmoidoscopy, is still lacking 
(ANONYMOUS 1984). The prevalence in larger series of patients with ab
dominal symptoms necessitating sigmoidoscopy has been 1. 9% -6.9% 
(TAKEUCHI et al. 1974; LEE et al. 1971; HENRIK-NIELSEN et al. 1983). A 
significantly higher prevalence has been reported among homosexual 
males attending sexually transmitted disease clinics, among whom the pre
valence reaches 30% - 36% (McMILLAN and LEE 1981; SURAWICZ et al. 
1987). 



252 P. S. TEGLBJIERG 

The incidence of intestinal spirochaetosis in resected appendices has 
been reported to be 2.1%-7.6% (LEE et al. 1971; TAKEUCHI et al. 1974; 
HENRIK-NIELSEN et al. 1985). In normal appendices removed because of 
suspected acute appendicitis it is 9.8% -12.6% (LEE et al. 1971; HENRIK
NIELSEN et al. 1985), significantly higher than in appendices removed per 
occasionem (1.9%-3.7%) or those with proven acute appendicitis 
(0.7% -4.4%). The clinical significance of this finding, and the mechanism 
by which the spirochaetes may cause symptoms mimicking acute appen
dicitis, remain to be elucidated (HENRIK-NIELSEN et al. 1985). 

Most histological studies of intestinal spirochaetosis of the colon and 
rectum have concluded that the organisms are non-pathogenic. LEE et al. 
(1971) reported 14 patients in whom no consistent symptom complex could 
be related to the rectal infestation with spirochaetes. Although so-called 
spirochaetal dysentery was suspected in two patients with unexplained diar
rh()ea, in the abscence of a therapeutic trial the pathogenicity of the 
spirochaetes was not established. TAKEUCHI et al. (1974) were unable to 
assign any bowel symptom to their four patients with intestinal 
spirochaetosis. HENRIK-NIELSEN et al. (1983) found 15 cases of intestinal 
spirochaetosis among 300 patients admitted to a gastrointestinal unit with 
symptoms requiring sigmoidoscopy. After treatment with neomycin sul
phate and bacitracin, which eliminated the spirochaetes in every patient, 
the original complaints remained unaltered over a follow-up period of 3-4 
wecks. 

The high prevalence of rectal co-infections in homosexuals makes it dif
ficult to determine the clinical significance of intestinal spirochaetosis in 
this group (SURAWICZ et al. 1987). McMILLAN and LEE (1981) observed 
intestinal spirochaetosis in rectal biopsies in 36 of 100 homosexual males, 
an incidence far in excess of that observed in the heterosexual population. 
However, they found no convincing evidence that intestinal spirochaetosis 
should be capablc of producing mucosal damage. SURAWICZ et al. (1987) 
studied 130 homosexual men, 92% of whom had intestinal symptoms. 
Intestinal spirochaetosis was identified in rectal biopsy specimens from 39. 
Neisseria gonorrhoeae infection was significantly associated with intestinal 
spirochaetosis. No specific histological abnormality was correlated with in
testinal spirochaetosis, and there were no differences in the presence of or 
type of intestinal symptoms, sigmoidoscopic appearance of the mucosa, 
type of sexual practice or prior antibiotic use in men with and without in
testinal spirochaetosis. TOMPKINS et al. (1981) isolated and cultured 
spirochaetes from the stools of two homosexuals without intestinal 
symptoms, and JONES et al. (1986) isolated and cultured a heterogeneous 
group of spirochaetes from the faeces of 11 homosexuals and were unable 
to establish any consequence to the human host. 

On the other hand there have been a few reports of patients with clini
cal symptoms in whom the only abnormal feature was the presence of 
intestinal spirochaetosis. GAD et al. (1977) reported four patients with 
intestinal spirochaetosis, in whom the spirochaetes were eliminated with 
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neomycin. Symptomatic relief was reported by one patient with alternating 
constipation and diarrhoea. In another report (KAPLAN and TAKEUCHI 
1979), a non-treponemal spirochaete was isolated from the stools of a 
homosexual man with a chronic purulent rectal discharge. Rectal biopsies, 
however, were normal and did not reveal mucosa-associated spirochaetes. 
DOUGLAS and CRUCIOLl (1981) and CRUCIOLl and BUSUTTIL (1981) pub
lished studies on 13 patients with intestinal spirochaetosis. Treatment with 
metronidazole eliminated the spirochaetes, but the symptomatic relief 
achieved must be regarded as questionable. COTTON et al. (1984) reported 
four patients with intestinal spirochaetosis complaining of persistent or 
intermittent diarrhoea and colicky abdominal pains for 3-12 weeks. Most 
of the patients became asymptomatic after non-specific treatment, al
though metronidazole appeared to be specific. COOPER et al. (1986) car
ried out microbiological and electron microscopy studies on rectal biopsy 
specimens and faecal samples from eight practising homosexual males and 
five heterosexual controls. Rectal spirochaetosis was present in five of the 
eight homosexual men. They found a generalised loss of microvilli in the 
rectal mucosa of homosexual men compared with heterosexuals of similar 
ages. This loss of microvilli was accentuated in all of the men with 
spirochaetosis, and was most pronounced in those with the greatest degree 
of spirochaetal infestation of the mucosa, suggesting a possible mechanism 
whereby the organisms exert a pathogenic effect through the blockade of 
passive absorption. Both patients with a high degree of mucosal infestation 
by spirochaetes had symptoms of proctitis that subsided when treatment 
with metronidazole was started. 

Spirochaetosis of the large intestine in which the spirochaetes pene
trated and multiplied in the affected coloncytes in a patient with dysentery 
was reported by KOVALCHUK and GEBESH (1981). A similar patient with a 
lO-week history of diarrhoea was reported by RODGERS et al. (1986). Elec
tron microscopy disclosed numerous spirochaetes adherent to the luminal 
cell membrane, inducing blunting or destruction of microvilli, and in the 
cytoplasm of colonocytes. Both the spirochaetosis and the symptoms disap
peared on treatment with metronidazole. GEBBERS et al. (1987) reported 
two patients presenting with mild intestinal symptoms, in whom rectal 
spirochaetosis was the only morphological abnormality diagnosed by light 
microscopy. Electron microscopy revealed spirochaetes within epithelial 
cells and in subepithelial macrophages. In addition, numerous partially 
degranulated intra-epithelial mast cells and a marked increase in the pro
portion of plasma cells within the lamina propria that stained immunohis
tochemically with antibodies against IgE was observed. Mucosal penetra
tion of the spirochaetes was suggested to be responsible for this unusual 
immune response. In one patient treatment with metronidazole eliminated 
the spirochaetes and resulted in symptomatic relief. 

Pentetration of spirochaetes into the colonocytes and the subepithelial 
macrophages is not always associated with clinical symptoms, however. The 
phenomenon was reported in asymptomatic patients by MINIO et aI., 
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(1973) and TAKEUCHI et al. (1974) and in a patient with symptomatic 
Crohn's disease (ANTONAKOPOULOS et at. 1982) in whom the colonic 
epithelium was heavily infested with spirochaetes, often penetrating the 
epithelial cells or located in occasional macrophages in the lamina propria 
and even within the occasional Schwann cell. To summarise, there have 
been only six reported cases in whom intestinal symptoms could convinc
ingly be related to intestinal spirochaetosis (GAD et al. 1977; KOVALCHUK 
and GEBESH 1981; COOPER et al. 1986; RODGERS et at. 1986; GEBBERS 
et al. 1987). A breaching of the mucosal barrier has been established in 
three of these, resulting in penetration of spirochaetes into the host tissues 
(Fig. 4). A similar spectrum of intestinal spirochaetal infestation is seen in 
animals: in mice and monkeys mucosal invasion is absent, and the 
spirochaetes are non-pathogenic, while in pigs swine dysentery is as
sociated with mucosal invasion (HARRIS and KINYON 1974). Serological 
characterisation of the spirochaetes has not yet been published, and it is 
not known whether the organisms induce any antibody response in the 
human host. However, the possibility of stimulating the immune system is 
present when spirochaetal antigens are taken up by macrophages. 

5 Conclusions 

The human colon and appendix may harbour unique strains of cultivatable 
mucosa-associated spirochaetes. At present it is unknown whether these 
are of one or more types. The route of infection remains obscure. Consid
erable disagreement exists about the pathological importance of 
spirochaetosis. Further work is needed to determine whether the or
ganisms are harmless commensals or opportunistic pathogens requiring in
itial host cell damage as a prerequisite to colonisation and infection, as is 
suggested by the high prevalence among homosexuals. The mechanism of 
adherence to eukaryotic cell surfaces, the intercellular replicative cycle of 
the micro-organisms, the pathophysiology and the relation between the 
spirochaetes and the human immune system require investigation. 
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An impaired regulation of motor functions of the intestine often causes 

the passage of the bowel contents to be impeded. The coordination of 

intestinal activity is effected by an extrinsic and intrinsic enteric nervous 

system, the organisation of which is highly complex (MEIER-RuGE 1974; 
WEINBERG 1975; ELLIOTT and LAWRENSON 1981). In 1888 the Danish 

physician Hirschsprung described two patients with severe constipation 

caused by congenital megacolon. The history of the elucidation of the 
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pathogenesis of Hirschsprung's disease and the introduction of enzyme his
tochemical methods as diagnostic tools have been described in detail 
elsewhere (EHRENPREIS 1970; MEIER-RuGE 1974). 

Several disorders of intestinal innervation are recognised at present, 
collectively called 'dysganglionoses' by some authors (MEIER-RuGE 1983). 
The term 'Hirschsprung's disease' should be applied only to aganglionosis 
of a short segment of the colon; other disorders should be defined accord
ing to the type of impaired innervation and the extent thereof. In contrast 
to the variety of morphological forms of abnormal intestinal innervation, 
the symptoms are very similar, usually consisting of severe constipation 
and abdominal protrusion. The abnormally innervated part of the intestine 
(most often the colon) behaves as a functional stenosis, caused by perma
nent contraction of the longitudinal muscle layers, without peristalsis, and 
the colon proximal to the stenosis is markedly dilated (secondary megaco
lon, MEIER-RUGE 1968). 

In the following discussion we attempt to demonstrate that the mor
phological basis of clinical Hirschsprung's disease may be more complex 
than previously realised. 

2 Normal Innervation of the Large Intestine 

The very complex development, morphology (Fig. 6 a) and physiology of 
normal innervation of the intestine have been repeatedly described previ
ously (MEIER-RuGE 1974; WEINBERG 1975). Therefore only a brief account 
is given here, considering mainly the practical aspects. 

It is difficult to detect neuronal bodies and nerve fibres in the intestinal 
wall, especially in the neonate, using conventional stains. The application 
of enzyme histochemistry for visualisation of acetylcholinesterase and 
lactate dehydrogenase, or of immunohistochemistry for localisation of 
'neurone-specific' enolase or of the calcium binding cytosolic protein S-
100, is necessary (HALL and LAMPERT 1985; TAGUCHI et al. 1985). Only a 
relatively small number of fine cholinergic nerve fibres can be seen in the 
normal intestine using the reaction for acetylcholinesterase (Fig. 1); 
neuronal cell bodies occur singly or in small groups. The histochemical 
reaction for lactate dehydrogenase and the immunohistochemical reaction 
for neurone-specific enolase are appropriate for the visualisation of 
neuronal bodies, while the localisation of protein S-100 permits the visuali
sation of Schwann cells and paraganglionic satellite cells. It is important 
to realise that while the myenteric and submucosal plexuses extend distally 
as far as the internal anal sphincter, the number of neuronal bodies de
creases in the the distal rectum (MEIER-RuGE 1985). Conversely, the 
density of cholinergic nerve fibres increases distally (MEIER-RuGE 1974). 
These facts must be taken into consideration for the diagnosis of biopsies 
taken near the anus. 
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Fig. 1. Normal innervation of the human colon. Fine meandering cholinergic nerve fibres are 
present in the submucosa. muscularis mucosae (centre) and mucosa. Small groups of choliner
gic neurones are present in the submucosa (bollom). Enzyme histochemical reaction for acetyl
cholinesterase . x 200 

3 Biopsy Technique, Transport and Processing of Specimens 

3.1 Biopsy Technique 

Two techniques of intestinal biopsy are established: In a suction biopsy (or 
partial-thickness biopsy) only the mucosa and (at least some of) the sub
mucosa can be examined (DOBBINS and BILL 1965). The technique is fast 
and simple, and can be carried out in neonates without general anaes
thesia. A diagnosis can often be made, provided the biopsy measures at 
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least 3-5 mm in diameter and 1-2 mm in depth, using appropriate 
techniques. In contrast, a full-thickness biopsy contains all layers of the 
intestinal wa:ll, but can only be obtained after general anaesthesia. 

In our opinion suction biopsies should be done first if a disorder of 
intestinal innervation is suspected. For Hirschsprung's disease biopsies 
should be taken at intervals of 1 cm, beginning immediately proximal to 
the linea dentata, the last biopsy being taken from normal appearing intes
tine if possible. This procedure prevents overlooking so-called ultra-short 
segment Hirschsprung's disease and, if subsequent surgical resection is per
formed, avoids excision of too short an intestinal segment. Full-thickness 
biopsies, or surgical specimens, are needed for a precise diagnosis of the 
various other disorders of intestinal innervation (see Sect. 5). 

3.2 Transport 

For enzyme histochemical investigations the biopsies should be sent to the 
laboratory by special mail in humid Petri dishes on ice (not on dry ice!) in 
a Dewar flask. The time interval between excision and processing in the 
laboratory should be kept as short as possible. In our experience a delay 
exceeding 8-10 h is detrimental to the enzyme histochemical visualisation 
of acetylcholinesterase and lactate dehydrogenase. Optimal conventional 
fixation should be ensured for subsequent immunohistochemical investiga
tions. 

3.3 Histochemistry 

Conventional histology, using tinctorial stains, is not reliable for making a 
precise diagnosis. The introduction of enzyme histochemistry during the 
1950s and 1960s (KAMIJO et al. 1953; NIEMI et al. 1961; MEIER-RuGE 
1968; BENNETTet al. 1968; GARRETTet al. 1969) was a great improvement, 
and enzyme histochemical reactions are now widely used (WAKELY and 
McADAMS 1984). The tissue samples are quenched in melting isopentane 
(2-methyl-butane) at -160° C or liquid nitrogen, and cut in a cryostat 
(10-12 [.lm) perpendicular to the surface of the mucosa. One section is 
stained with haemalum and eosin, and 6-24 sections stained with his
tochemical techniques for acetylcholinesterase (E. C. 3.1.1.7; KARNOVSKY 
and ROOTS 1964) and for lactate dehydrogenase (E. C. 1.1.1.27; HESS et al. 
1958; MEIER-RUGE 1982) in order to minimise sampling errors. 

Deparaffinised sections (5 [.lm) of biopsies fixed in buffered formal
dehyde (4%) and embedded in paraffin are incubated with antisera to 
neurone-specific enolase, synaptophysin or protein S-100 applying the un
labelled antibody enzyme method (STERNBERGER 1986) or avidin biotin
peroxidase complex technique (GUESDON et al. 1979), using appropriate 
controls. 
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3.4 Artefacts 

The histochemical reactions must be carried out by an experienced techni
cian and interpreted by an experienced pathologist. Non-specific reactions 
for acetylcholinesterase occur in the smooth muscle fibres of the mus
cularis mucosae, in lymphoid follicles, in oedema fluid, in traumatised tis
sue, and in small haemorrhagic foci, False-negative results may occur in 
biopsies from neonates in whom the enzyme activity may be insufficient 
to be detected by the techniques currently used (BLISARD and KLEINMAN 

1986), 

3.5 Enzyme Histochemistry Versus Immunohistochemistry 

We consider the enzyme histochemical processing of intestinal biopsies 
most appropriate for the diagnosis of disorders of innervation if handling, 
transport and processing of tissue are appropriate and fast, if the techni
cian is skilful and experienced, and if the pathologist is experienced and 
aware of possible artefacts. 

The advantage of immunohistochemistry for protein S-lOO, neurone
specific enolase and synaptophysin is its feasibility on fixed specimens. On 
the other hand, precise diagnosis of the various disorders is more difficult, 
and less specific than diagnosis based on enzyme histochemistry. Very ex
tensive immunohistochemical investigations, using a battery of antibodies 
not yet readily available, may improve the sensitivity of this technique in 
the future. 

4 Own Experience 

We have investigated 2688 suction biopsies and surgical samples from 677 
patients for diagnostic purposes. The biopsies were taken either to investi
gate suspected aganglionosis ( 621 patients) or to assess the remaining 
colon after surgery for disorders of colonic innervation (56 patients). Clini
cal suspicion of abnormal innervation based, on symptoms of dilatation of 
the colon and/or impedance of passage of bowel contents due to contrac
tion of a colonic segment, could be confirmed by suction biopsy in 110 of 
621 patients (17.7%). The various diagnoses made are shown in Table 1. 
Ninety patients had classical Hirschsprung's disease, with aganglionosis 
confined to a segment of colon, and this diagnosis made on suction biopsy 
was confirmed subsequently in surgical samples from 22. Aganglionosis 
of the entire colon was found in two patients, and in one further case this 
was combined with neuronal dysplasia of the appendix. Other diagnoses 
included hypoganglionosis (six patients), neuronal dysplasia or hyper
ganglionosis (four patients), absence of extrinsic and intrinsic innervation 
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Table 1. Morphological diagnosis in 621 patients with clinically suspected 
Hirschsprung's disease 

Females Males Total 

I. Aganglionosis (segment of the colon) 20 70 90 

2. Aganglionosis, probable 

3. Aganglionosis of the entire colon 2 

4. Aganglionosis of the colon combined with 
neuronal dysplasia of the appendix 

5. Hypoganglionosis 5 6 

6. Hypoganglionosis, probable 

7. Neuronal dysplasia (hyperganglionosis) 3 4 

8. Absence of extrinsic and intrinsic innervation 
(small and large intestine) 3 3 

9. Absence of extrinsic and intrinsic innervation of 
the small intestine combined with aganglionosis 
of the entire colon 

10. Lack of intrinsic innervation 
(segmcnt of the colon) 1 

II. No morphological diagnosis 3 6 9 

12. 'Normal' innervation 207 295 502 

Total 240 38\ 621 

of the small and large intestines (three patients), absence of small intes
tinal innervation combined with aganglionosis of the entire colon (one 
patient) and absence of intrinsic innervation in the presence of extrinsic 
nerves in a segment of the colon (one patient). A diagnosis could not be 
reached in the first biopsy from 9 of the 621 patients (1.6%). In two pa
tients (0.32%) a false-negative diagnosis was corrected in subsequent biop
sies. 

In 56 patients with an established diagnosis of disordered innervation, 
who had undergone surgery 1-20 years previously, the innervation of the 
residual colon was investigated. In 19 patients a normal innervation was 
found, whereas in 27 patients an aganglionic segment remained. One 
patient had aganglionosis of the entire colon, three patients had persistent 
hypoganglionosis, one patient had persistent neuronal dysplasia (hyper
ganglionosis) and in five patients the findings were equivocal. 

Our experience indicates that approximately 80% of patients with 
clinical features suggesting disordered intestinal innervation have no de
monstrable morphological abnormality, and biopsy confirmation is ob
viously essential before surgery is undertaken. Moreover, since residual 
aganglionic segments seem to be common in patients who have undergone 
surgery, better pre- or peroperative delineation of the affected zone with 
multiple biopsies is to be recommended. 
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5 Morphology and Classification of Abnormal 
Intestinal Innervation (Dysganglionoses) 

5.1 Diseases of the Intrinsic Innervation of the Colon 

5.1.1 Aganglionosis of the Colon (Fig. 6 b) 

263 

Aganglionosis (Fig. 2) is defined by a lack of neurones of the submucosal 
plexus (Meissner's plexus) and myenteric plexus (Auerbach's plexus), com
bined with hyperplasia of cholinergic nerve fibres in the circular muscle 
layer, muscularis mucosae and mucosa with a high activity of acetyl
cholinesterase (MEIER-RuGE and MORGER 1968; MEIER-RuGE 1974). In 
biopsies taken proximal to the left colonic flexure, the diagnosis of 
aganglionosis can be made if absence of submucosal neuronal bodies alone 
can be demonstrated, because hyperplasia of cholinergic nerve fibres is 
often lacking. 

In our experience aganglionosis of a segment of the colon is by far the 
most common form of abnormal enteric innervation. It is much commoner 
in males than in females (see below), usually presenting before the age of 
5 years, and often during the first month of life. The aganglionic segment 
can be rather long, short or ultra-short (REHBEIN et al. 1969; MEIER
RUGE 1985; BLISARD and KLEINMAN 1986; SELDENRIJK et al. 1986). An 
extreme variant is Zuelzer-Wilson's disease (see below; ZUELZER and 
WILSON 1948; MEIER-RuGE et al. 1972; IKEDA and GOTO 1986). 

It is of interest that an aganglionosis was found to persist after surgery 
in 27 out of 56 patients in our series. It is well recognised that the 
aganglionic segment is often more extensive than the macroscopically 
constricted segment of large bowel, and intra-operative frozen sections 
may be valuable in identifying the upper level of aganglionosis. Moreover, 
the extent of aganglionosis is also apparently greater than the hyperplasia 
of cholinergic nerve fibres detected in a biopsy containing only the 
mucosal layer: we have observed a transitional zone, confirming the pre
viously report by HAMOUDI et al. (1982). 

5.1.2 Hypoganglionosis of the Colon (Fig. 6 c) 

Hypoganglionosis is characterised by a decreased number of intrinsic 
neuronal bodies and cholinergic nerve fibres. Rare neuronal bodies occur 
in the submucosa, but groups of neurones are lacking (MEIER-RuGE 
1974). Hypoganglionosis may occur as an isolated condition or combined 
with aganglionosis. 

This variant is uncommon, except in the transitional zone between an 
aganglionotic and a normal segment in Hirschsprung's disease. In our 
opinion the diagnosis should not be made unless extensive quantitative 
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Fig. 2 a-c. Aganglionosis of the colon of a 7-day-old girl. Enzyme histochemical reaction for 
acetylcholinesterase. a A large number of hypertrophic cholinergic nerve fibres are seen in the 
muscularis mucosae (hallam) and surrounding the crypts of the mucosa. x 200. b Prominent 
bundles of cholinergic nerve fibres are present in the submucosa. x 100. c Bundles of choliner
gic nerve fibres are seen in the submucosa and muscularis mucosae. without neuronal bodies. 
x 200 
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a b 

Fig. 3 a, b. Neuronal dysplasia (hyperganglionosis) of the colon of a 4-month-old boy. a Large 
number of cholilnergic nerve fibres (black) running through the circular muscle layer. and 
large number of neuronal bodies (large black dots) between the circular and longitudinal 
muscle layers and at the border between the circular muscle layer and submucosa (top). En
zyme histochemical reaction for acetylcholinesterase, x 100. b Three groups of neuronal 
bodies in the submucosa (bottom right) and single neuronal body present in the mucosa 
(centre) Enzyme histochemical reaction for lactate dehydrogenase, x Ion 

analyses can be carried out, e.g. on three or more full-thickness biopsies 
(MEIER-RuGE 1974). The clinical symptoms resemble those of 
aganglionosis. 

5.1.3 Neuronal Dysplasia (Hyperganglionosis) of the Intestine (Fig. 6 d) 

Neuronal dysplasia or hyperganglionosis (GARRETT and HOWARD 1981) 
(Fig. 3) clinically resembles aganglionosis. In our experience a short seg
ment of neuronal dysplasia is often combined with aganglionosis. Neuronal 
dysplasia not associated with other disorders is apparently uncommon. 
Segmental and disseminated forms can occur (SCHAERLI and MEIER
RUGE 1981; FADDA et al. 1983). The condition is characterised by 
hyperplasia of cholinergic nerve fibres in the circular muscle layer, submu
cosa and mucosa, and hyperplasia of neuronal bodies in both intramural 
nerve plexuses (Fig. 3 a). Neuronal bodies may be associated with nerve 
fibres in the mucosa (Fig. 3 b) and small groups of neurones present within 
the muscle layers (Fig. 3 a) are sometimes striking. 
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Fig. 4 a, b. Absence of intrinsic innervation of the colon in the presence of extrinsic innerva
tion in an 8-month-old boy. a Absence of nerve fibres in the mucosa. muscularis mucosae and 
submucosa. Immunocytochemical reaction for protein S-100. x 100. b Presence of bundles of 
cholinergic nerve fibres between the circular and longitudinal muscle layers and cholinergic 
nerve fibres running through the longitudinal muscle layer (bottom right). Enzyme histochem
ical reaction for acetylcholinesterase. x 100 

The diagnosis of neuronal dysplasia cannot be made reliably on biop
sies containing only intestinal mucosa, and the full thickness of the bowel 
wall should be assessed. 

5.i.4 Absence of intrinsic innervation of the Colon (Fig. 6 e) 

This type of abnormal innervation is very uncommon. The symptoms in 
our patients were identical to those of aganglionosis. Intrinsic neuronal 
bodies in the colonic wall are absent. An extremely small number of intrin
sic nerve fibres may be found (Fig. 4a), while large bundles of extrinsic 
cholinergic nerve fibres penetrate as far as the zone between the longitudi
nal and circular muscle layers (Fig. 4 b). This lesion may occur as an iso
lated condition or in combination with absence of innervation of the small 
intestine (RUDIN et al. 1986 a). 

b 
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5.2 Diseases of Intrinsic and Extrinsic Innervation of the Intestine 

5.2.1 Absence of Innervation of the Intestine (Fig. 6 f) 

A diagnosis of absence of innervation of the intestine can only be made 
on surgical samples that include all layers of the intestinal wall. It is a rare 
condition which, due to the frequently extensive absence of innervation, 
is often incompatible with life, in contrast to the diseases mentioned 
above. 

We have observed four patients. In three we were unable to find nerve 
fibres or neuronal bodies either in the entire colon, or in part of the small 
intestine (Fig. 5 a-c) while in the fourth a lack of innervation of the small 
intestine distal to the duodenum was combined with aganglionosis of the 
entire colon (Fig. 5 d). The detailed findings in these patients and a review 
of the literature were given by RUDIN et al. (1986 a, b). . 

5.3 Extent of the Diseases 

All types of abnormal innervation of the intestine probably occur either as 
segmental or diffuse diseases. 

6 Symptoms and Clinical Diagnosis 

The symptoms of the various types of abnormal innervation of the intes
tine are similar, although not identical. In classical aganglionosis there is a 
short stenosis of the distal colon and rectum, distension of the colon proxi
mal to the stenosis, constipation and massive abdominal distension. More 
extensive involvement, such as a long segment of aganglionosis or a wide
spread defect of innervation of the small intestine and the colon, causes 
vomiting and a slowdown of faecal transit in the colon. Sometimes there is 
early, severe and repeated vomiting and passage of meconium may even 
occur. Roentgenograms generally show a narrow colon and signs of ileus 
of the small intestine. Peristalsis is weak or absent. This contrasts with clas
sical aganglionosis. 

The clinical diagnosis of abnormal innervation of the intestine is based 
on the clinical picture of chronic constipation or ileus and abdominal pro
trusion, an X-ray examination and/or enema disclosing a contracted seg
ment of the colon with proximal dilatation, and manometric examination 
of the rectum. 
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Fig. 5 a-d. Absence of intrinsic and extrinsic innervation in the small intestine, and 
aganglionosis in the colon in a 4-month-old boy. a Presence of nerve fibres and neuronal 
bodies (black) in the wall of the antrum of the stomach. Neurone-specific enolase, x 1O(1. b 
Lack of neuronal bodies and nerve fibres in the wall of the duodenum. Neurone-specific 
enolase, x 100. c Absence of cholinergic nerve fibres in the mucosa (top right), muscularis 
mucosae (top right), submucosa (center) and circular muscle layer (bottom left). Enzyme his
tochemical reaction for acetylcholinesterase. x 1O(1. d Typical picture of aganglionosis in the 
colon with a large number of bundles of cholinergic nerve fibres in the submucosa and mus
cularis mucosae, and large single fibres in the mucosa. Absence of neuronal bodies. Enzyme 
histochemical reaction for acetylcholinesterase, x 100 



c 

Hirsehsprung's Disease 

, 
• 

".. 

" 

7 Incidence, Sex Ratio and Genetics 

7" 
I 

., 
, 

" 
/,' 

~ 

~ 

269 

. I. I, 
" . .;.r. ~>' . 

\ . . : 
' . 

.' J" . • 

Different authors have estimated aganglionosis of a short colonic segment 
to occur in 1/10000 to 1130000 (BODIAN and CARTER 1963) or 115000 to 
1/8000 (BLISARD and KLEINMAN 1(86) live births. The long segment vari
ant of the disease (i.e. a contracted segment expanding proximal to the 
rectosigmoid) comprises approximately 10%, of all cases of aganglionosis 
(EHRENPREIS 1970; MEIER-RuGE 1972). 

The estimation of the incidence of the various forms of abnormal intes
tinal innervation varies considerably. The incidence of an ultra-short seg
ment has been estimated at 10% of all aganglionoses, or 6.8% of all abnor
mal intestinal innervations (MEIER-RuGE 1985). The incidence of an 
aganglionosis of the entire colon has been indicated as 6% -14.9% of all 
aganglionoses (IKEDA and GOTO 1986). This is at variance with our experi
ence. Neuronal dysplasia (or hyperganglionosis) has been said to be as 
common as aganglionosis (FADDA et aI. 1983). We cannot confirm this find
ing, if neuronal dysplasia un associated with other disorders is considered 
(see Sect. 5.1.3). 

The malelfemale ratio in classical (short) segment aganglionosis is 
3-4:1 (MEIER-RuGE 1974; ZIEGLER et aI. 1984). The ratio drops progres
sively in aganglionosis affecting longer segments, and is approximately 1: 1 
in aganglionosis of the entire colon (BODIAN and CARTER 1963; MEIER-

d 
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Fig. 6a-f. Schematic drawing of the innervation and its disturbances in the human intestine. 
a Normal innervation of the colon. Presence of groups of neurones in the submucosal plexus 
(SP) and in the myenteric plexus (MP) with interconnecting nerve fibres. M. mucosa; MM. 
muscularis mucosae; SM. submucosa; eM. circular muscle layer; LM. longitudinal muscle 
layer. b Aganglionosis of the colon. Absence of neuronal bodies. along with a large number of 
bundles of intrinsic cholinergic nerve fibres penetrating into the mucosa. c Hypoganglionosis. 
Small number of neuronal bodies and nerve fibres. d Neuronal dysplasia (hyperganglionosis). 
Presence of large bundles of intrinsic nerve fibres combined with a large number of neuronal 
bodies occurring singly or in groups in the myenteric plexus. within the circular muscle layer. 
in the submucosa and occasionally in the mucosa. e Absence of intrinsic innervation in the 
presence of extrinsic innervation of thc colon. Cholinergic extrinsic nervc fibres arc penetrat
ing through the longitudinal muscle layer and forming bundles between the circular and longi
tudinal muscle layers. Note absence of neuronal bodies. f Absence of extrinsic and intrinsic 
innervation. Lack of nerve fibres and neuronal bodies in the entire wall of the small and/or 
large intestine 
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RUGE 1974), The sex ratio of patients with absence of intestinal innerva
tion has been estimated at approximately 1: 1 (RUDIN et a1. 1986 a). 

Among 207 patients suffering from classical aganglionosis (short seg
ment) only six patients were siblings (BODIAN and CARTER 1963). The 
length of the aganglionic segment was in general constant in members of 
the same family. The risks of the illness occurring in children from families 
with aganglionosis is estimated to be 1:20 for males and 1:100 for females. 
For aganglionosis affecting a long segment, the risk is estimated to be 1:10, 
independent of sex. In contrast, eight siblings from four families have been 
reported among 16 patients suffering from a partial defect or absence of 
the enteric nervous system. The total number of children in the affected 
families is 27. An analysis of these families suggests autosomal-recessive 
inheritance of the disease (RUDIN et a1. 1986a). This is in agreement with 
the results published by another group (MACKINNON and COHEN 1977). 
Absence of the enteric nervous system is probably not linked to 
aganglionosis affecting a short segment but is possibly connected to the 
long segment variant or to Zuelzer-Wilson's disease, as patients suffering 
from a combination of aganglionosis of the entire colon with absence of 
innervation of the small intestine have been described (RUDIN et a1. 
1986 b). 

8 Pathogenesis 

8.1 Primary Forms of Abnormal Innervation 

The extrinsic parasympathetic innervation of the intestine begins to deve
lop during the 5th and 6th week after conception (OKAMOTO and UEDA 
1967). The proliferation of extrinsic parasympathetic nerves of the sacral 
root S2-S4 continues until the end of the 7th week. Neuroblasts of the 
vagus ncrve migrate into the intestinal wall from the 7th to the 12th week. 
According to one hypothesis this migration proceeds in the cranial-caudal 
direction, beginning in the oesophagus and stomach. By the end of the 
8th week ncuroblasts are found in the colon down to the left curvature 
and after 12 weeks the entire colon is innervated. The neuroblasts sub
sequently form intrinsic plexuses. It is proposed that aganglionosis of the 
short distal colonic segment is caused by a late defect of neuroblast migra
tion (YNTEMA and HAMMOND 1954; MEIER-RuGE 1974). On the other 
hand, absence of innervation of the intestine could result from an earlier 
event, occurring during the 5th or 6th week, that prevents the develop
ment of both extrinsic innervation and intrinsic plexuses. 

Other workers have described migration of neuroblasts proceeding 
from both ends of the embryonic intestine ('dual origin and gradient 
theory', TAM and LISTER 1986). In addition, influences of the microenvi-



272 P. U. HEITZ and P. KOMMINOTH 

ronment (LE DOUARIN 1981) and of trophic substances (BURNSTOCK 1981; 
HENDRY et al. 1981) have been stressed recently. Finally, intra-uterine in
testinal ischaemia or infections could cause defects of innervation. 

8.2 Secondary Forms of Abnormal Innervation 

Ischaemia, infections (viruses, Chagas, disease), severe necrotising colitis, 
and drugs can cause neuronal destruction. 

9 Conclusions 

The diagnosis of the five forms of abnormal innervation of the intestine 
requires morphological analysis of biopsies by a pathologist who is familiar 
with their histological and histochemical features and with the benefits and 
limitations of the techniques applied. The diagnosis must be precise be
cause it governs management, usually curative surgery, and gives prognos
tic information in at least one of the diseases which is often incompatible 
with life. Current understanding allows the following conclusions to be 
drawn: 

1. Several biopsies should be taken at defined distances (interval 1 cm), 
beginning at the linea dentata in order to determine the extent of the 
lesion and to recognise lesions present in a very short segment of the 
colon. 

2. The anatomical site of a biopsy must be taken into consideration when 
making a diagnosis (see Sect. 5.1.1). 

3. A suction biopsy should contain the mucosa, muscularis mucosae and 
parts of the submucosa. In our opinion a biopsy containing mucosa 
only often fails to give a precise diagnosis of the various lesions. 

4. A precise diagnosis on the basis of tinctorial stains cannot be reached. 
5. Diagnosis based on enzyme histochemical reactions for acetylcholines

terase and lactate dehydrogenase has been shown to be safe, provided 
an experienced technician processes and an experienced pathologist 
examines the specimens. Time and costs for this procedure can be 
saved by optimising aliquoting and storage of the reagents. A disadvan
tage of this procedure is the necessity of a fast transport on ice of the 
tissue: enzyme histochemical reactions should be carried out within 10 
hours. 

6. At least six sections per biopsy should be examined. 
7. The diagnosis can also be made using immunocytochemical methods, 

which can be applied to formaldehyde-fixed specimens. Using antisera 
or antibodies raised against protein S-lOO, neurone-specific enolase or 
synaptophysin, a diagnosis can be reached (HALL and LAMPERT 1985; 
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TAGUCHI et al. 1985). In addition, antibodies reacting with biogenic 
amines, peptides or choline acetyltransferase can be applied to define 
the type of neuronal bodies and nerve fibres. In our experience the 
diagnosis based on cryostat sections and enzyme histochemistry is 
faster and more reliable than immunohistochemistry performed on 
fixed specimens. 

8. It is important to use techniques well estahlished in a given laboratory 
to reach a precise diagnosis because of its implications for the treat
ment of the patient. 

9. It should bc borne in mind that a transition zone exists between the 
abnormally and normally innervated segments which should be re
sected at surgery, because otherwise functional intestinal obstruction 
may persist. 

It has been claimed that the lesions of aganglionosis show an evolution 
with age. Although we have been unable to confirm a systematic distinc
tion of types of disordered innervation depending on the age of the infant 
as described recently (DE BRITO and MAKSOUD 1987), the possibility of 
evolution of lesions with time needs further investigation. 
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The idea that colorectal carcinoma arises from dysplasia is widely accepted 
nowadays. Within the framework of this dysplasia-carcinoma sequence, 
there are different morphological presentations which range from mild 
dysplasia to obvious invasive and metastasising carcinoma (Fig. 1). The 
stepwise transitions have not yet been uniformly named, so that up to now 
different clinical conclusions can still be drawn from the same histological 
findings. 

The commonest form of dysplasia in the colon and rectum manifests 
itself macroscopically as a polyp, in other words, as a circumscribed lesion 
which projects from the mucosa into the lumen. When such polyps are 
found in the colon and rectum, one must consider the possibility that they 
may be neoplastic polyps (adenomas. polypoid dysplasias) in which car
cinoma may have already developed. This has diagnostic and therapeutic 
consequences which can often be assessed in differing ways. 

1 This paper is dedicated to Prof. Dr. KURT ELSTER, a pioneer in the field of modern gastroen
terological pathology. on the occasion of his 70th birthday. 
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1 2 3 

4 5 Muse. mucosae 

Fig. 1. Dysplasia·carcinoma sequence. Thick black lines: epithelial structures with cellular fea
tures of malignancy. J, Adenoma with mild or moderate dysplasia (low grade dysplasia); 
2. adenoma with severe dysplasia, type a (carcinoma in situ, pTis, intra-epithelial neoplasm, 
high grade dysplasia); 3, adenoma with severe dysplasia, type b (intramucosal carcinoma, 
pTis) (lesion with invasion of the lamina propria, but without potential for metastasis); 
4. adenoma with invasive carcinoma (invasion of the submucosa, pTl); 5, adenocarcinoma 
with invasion of the submucosa only (pTl) 

2 Nomenclature of the Dysplasia-Carcinoma Sequence 

Dysplasia is defined as an unequivocal neoplastic epithelial alteration with
out invasive growth (Fig. 111 and 1/2). It is characterised by cytological 
atypia, aberrant differentiation and disorganised architecture (MORSON 

et al. 1985). One can, depending on the extent of deviation from the nor
mal, make a distinction between mild, moderate and severe dysplasia, 
whereby severe dysplasia corresponds to carcinoma in situ or intra-epithe
lial neoplasia. 

When a neoplasm in the colon or rectum has invaded at least the sub
mucosa and therefore has metastatic potential (Fig. 1/4, 1/5, 2), it can be 
considered a carcinoma in a biological and clinical sense. These lesions are 
termed invasive carcinomas (MORSON and SOBIN 1976). 
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Fig. 2. Malignant polyp: Adenoma with adenocarcinoma removed by endoscopic polypec
tomy., The carcinoma is limited to the submucosal zone of the head of polyp and has been 
removed completely 

Between dysplasia and carcinoma as defined above, we find an inter
mediate step: a neoplasm which shows invasive growth into the lamina 
propria or between fibres of the muscularis mucosae, but does not reach 
the submucosa (Fig. 1/3). According to clinical experience, lymph node 
metastasis is not to be expected in these 'mucosal' or ' intramucosal' car
cinomas (FENOGLIO-PREISER 1985) because, according to FENOGLIO et al. 
(1973) , lymphatic vessels are found only at the level of and below the crypt 
bases. This explanation is not entirely tenable, however, because in 
pathological conditions lymph vessels containing tumour cells can be dem
onstrated between the mucosal crypts (Fig. 3). Nevertheless, the irrefu
table fact remains that in 'mucosal carcinomas' metastasis does not take 
place and local excision of the lesion with a small margin of clearance 
represents adequate treatment. According to the new pTNM Classification 
(OICC 1987) , such lesions, as well as adenomas with severe dysplasia , are 
classified as in situ carcinomas. We do not use this nomenclature in order 
to avoid confusion and overtreatment; we routinely name all of these 
lesions adenomas with severe dysplasia. In compiling statistics on the 
results of therapy for colorectal carcinoma, one should only include 
tumours which have invaded at least the submucosa. 

The dysplasias from which the carcinomas arise develop in rare cases 
from chronic inflammations (mostly ulcerative colitis, rarely Crohn's dis
ease or schistosomiasis). They very rarely develop within non-neoplastic 
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Fig. 3. Tumour cells within lymphatic vessels between the crypts (at a level higher than the 
lowest portion of the crypts) . Patient with advanced invasive adenocarcinoma with extensive 
lymphatic spread 

Fig. 4. So-called flat adenoma. Some crypts with dysplastic epithelium , without significant 
projection from the mucosa into the lumen 
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Table 1. Different manifestations of adenomas 

Numer 

Macroscopic 
appearance 

Histological 
type 

Grade of 
dysplasia 

Solitary 
Multiple 
Polyposis (> 100) = adenomatosis 

Flat 
Polypoid: sessile 

semi-pedunculated 
pedunculated 

Tubular 
Tubulovillous 
Villous 

Mild } 

Moderate 
low 

Severe high 
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polyps such as Peutz-Jeghers, juvenile or hyperplastic polyps or those 
following uretero-sigmoidostomy. The great majority of dysplasias develop 
in non-inflamed mucosa, namely as a focal change which can be termed 
an adenoma. These adenomas have a variety of characteristics. Table 1 
shows the different possibilities in number, macroscopic and histological 
type and degree of dysplasia. By far the commonest type is a carcinoma 
which develops in a solitary or in one of multiple polypoid adenomas. 'Flat 
adenomas' (Fig. 4) remain relatively uncommon; they are difficult to rec
ognise at endoscopy, except in cases of melanosis coli, in which the 
adenomas stand out as non-pigmented areas. Carcinoma can also develop 
in flat adenomas and give rise to what has been described in the literature 
as 'carcinoma de novo'. 

3 Definition of Malignant Polyps 

The concept of malignant polyps has been accorded different meanings in 
the literature (FORDE 1987). Sometimes it is used to describe adenomas 
with severe dysplasia, sometimes invasive carcinomas, sometimes it is even 
used to include both lesions. In the following, a malignant polyp shall be 
considered a carcinoma which has invaded the submucosa and which is dis
covered during microscopic examination of an endoscopically removed 
polyp. 

This definition encompasses the common cases in which carcinoma 
develops in a polypoid adenoma, as well as the considerably rarer cases in 
which a polyp formation is completely formed of invasive carcinoma. 
These cases are sometimes termed polypoid carcinomas. However, here 
one must emphasise that the evidence for residual adenoma is not of inde
pendent prognostic significance for the biological and clinical behaviour. 
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Table 2. Frequency of invasive carcinoma in adenomas. Dependence on size, 
macroscopic and histological type of adenoma. ERCRP (Erlangen Registry of 
Colorectal Polyps) 1978-1984. a) Total results (endoscopically and surgically 
removed adenomas, adenomas as incidental findings during colorectal 
surgery). b) Only endoscopically removed adenomas 

Adenoma groups Frequency of carcinoma 

a) b) 

Histological type 
Tubular 180/4894 (3.7%) 27/3165 (0.9%) 
Tubulovillous 307/1605 (19.1%) 451 975 (4.6%) 
Villous 2031 384 (52.9%) 51 98 (5.1%) 

Size 
S 5 mm 113039 (0.03%) 0/2112 (0%) 
6-10 mm 1411508 (0.9%) 9/1055 (0.9°/,,) 
11-20mm 8711164 (7.5%) 391 840 (4.6%) 
21-30 mm 1141 386 (29.5')"0) 201 204 (9.8%) 
31-40 mm 1111 224 (49.6%) II 42 (2.4% ) 
>40mm 3471 472 (73.5%) 41 28 (14.3%) 
Unknown 161 90 (17.8%) 41 57 (7.0%) 

Macroscopic appearance 
Sessile 45/1280 (3.5% ) 321 943 (3.4% ) 
Semi-pedunculated 371 984 (3.8%) 121 560 (2.1%) 
Pedunculated 605/4540 (13.4%) 33/2688 (1.2'10 ) 
Unknown 31 79 (3.8% ) 01 47 (0%) 

Total material 690/6883 (lO.O%) 77/4238 (1.8% ) 

P. HERMANEK 

The majority of malignant polyps are carcinomas in which invasion is 
limited to the submucosa. This includes carcinomas which are defined as 
pTI tumours according to the UICC pTNM Classification, and which are 
often designated as early colorectal carcinomas (HERMANEK and GALL 
1986; MORSON 1985). There are also other early colorectal carcinomas 
which do not present as endoscopically resectable polyps, and rarely malig
nant polyps may lie on top of more deeply infiltrating carcinomas. 

The probability that an invasive carcinoma has already developed in 
an adenoma depends on the size of the adenoma as well as on its macros
copic and histological type (Table 2) (HERMANEK et al. 1983) and on the 
degree of dysplasia in the adenoma (MUTO et al. 1975). 

4 Diagnosis 

Forceps biopsies from polyps of the colon and rectum allow diagnosis of 
neoplastic or non-neoplastic lesions. Here one must always emphasise that 
when neoplastic epithelium is found ina forceps biopsy, further differentia
tion is impossible, and especially that the presence of an invasive car-
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(1 ) (2) (3) 

Fig. 5. Histological methods in colorcctal polyps. Direction of sectioning: (1) sessile. (2) semi
pedunculated. (3) pedunculated polyp 

cinoma in the submucosa cannot be excluded; this is because forceps biop
sies do not include the submucosa. When dysplasia is found in forceps 
biopsies from polypoid lesions we therefore always include the following 
sentence in the pathology report: "A definitive assessment of the biopsied 
polypoid growth is only possible after the microscopic examination of the 
completely removed lesion." 

The procedure of choice for making a definitive diagnosis of neoplastic 
polyps is endoscopic polypectomy using a diathermy snare. Experienced 
endoscopists can remove polyps with bases of 15-20 mm in one piece. 
This is important for the pathologist's assessment because only when the 
polypoid growth has been removed whole and not piecemeal is it possible 
to say whether or not the adenoma and/or carcinoma has been completely 
excised (MORSON 1985). 

Polyps which have been removed with a diathermy snare should, as a 
rule, be immediately fixed in formalin. In the case of sessile or semi
pedunculated polyps, where the diameter of the resection area is small, 
we recommend that the base be marked before fixation by perpendicularly 
inserting a pin or by Indian ink. In this fashion, the pathologist can later 
easily recognise the resection area, a feat which is otherwise difficult, if 
not impossible, because after fixation the resection area often retracts and 
is covered by the surrounding polypoid mucosa. 

In processing polyps for histology, precise orientation of the specimen 
is necessary during embedding so that the direction of sectioning is perpen
dicular to that of the resection line; only in this fashion can one make an 
assessment of the completeness of the removal of the adenoma or car
cinoma. It is therefore essential to identify the resection area (base or 
stalk) and to embed polyps carefully as shown in Fig. 5. 
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Definite assessment of whether or not there is a small carcinoma in an 
adenoma, and whether the adenoma and/or the carcinoma within it has 
been completely removed, requires the preparation of step sections (not 
serial sections). Only then can one confidently write the histology report 
(BLUNDELL and EARNEST 1980; HERMANEK 1983). 

5 Pathologist's Report on the Histological Assessment 
of Excised Polyps 

The histology report on an excised polyp should include all of the state
ments listed in Table 3. Using these, the clinician can appropriately plan 
further therapeutic procedures. 

For the assessment of adequacy of excision, microscopic identification 
of the eosinophilic coagulation necrosis caused by the diathermy snare at 
the resection area is of decisive importance. We speak of incomplete exci
sion when the tumour growth in this area reaches the resection line. If 
tumour lies in the area of diathermy, but does not reach the resection line, 
or when the malignant polyp has been sent in several pieces, and topo
graphical orientation of the specimen is uncertain (LIpPER et al. 1983), we 
say that excision is doubtfully complete even when the endoscopist be
lieves that removal was complete. 

Information on the histological type and the degree of differentiation 
of malignant polyps is considered important by all authors. In our material 
the majority were ordinary adenocarcinomas and mucinous adenocarcino
mas were rare, forming only 4.4% (6/137). Grading should be done accord
ing to DUKES and BUSSEY'S method (1958), where cellular arrangement is 
taken into consideration (Fig. 6). A disorganisation of glands and single 
cells at the advancing front of the tumour alone do not warrant grade 3. 
The majority of tumours having these features are well or moderately dif
ferentiated carcinomas. According to four large studies (COOPER 1983; 
MORSON et al. 1984; HAGGITTet al. 1985; CRANLEYet al. 1986), the per
centage of poorly differentiated carcinoma in malignant polyps was 5% 
(111220); our own study showed 7.3% (10/137). 

The significance of invasion of lymphatic vessels is still a controversial 
issue. It is of decisive importance to assess lymphatic invasion carefully, 
because according to our own experience, this diagnosis is too often made. 
Shrinkage during embedding causes formation of spaces around tumour 
nests which are incorrectly diagnosed as lymphatic vessel invasion. The 
diagnosis of lymphatic vessel invasion can only be made when clumps of 
tumour cells can be found in channels which are unequivocally lined with 
endothelium (Fig. 7). 

With regard to consideration of further therapeutic procedures in the 
event of carcinoma, we began to differentiate between low risk and high 
the risk cases in 1977 (HERMANEK 1977). This gives the clinician some idea 
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Table 3. Reporting excised polyps 

1. Histological classificationa : 

2. Adequacy of removal': 

3. In the case of carcinoma 
(withoT without adenoma): 

a) Histological type" 

b) Histological gradingd 

c) Invasion of lymphatics 

d) Summary of assessment 
of risk of lymph node 
metastases being 
already present: 

High risk 

Low risk 

Non-neoplastic polyp 
Neoplastic epithelial 
polp: 

adenoma 
adenoma with 
carcinomab 

carcinoma 
Neoplastic polyp of 
other type (i. e. carci
noid tumour. leiomyoma 
etc.) 

Incomplete 
Doubtfully complete 
Complete 

Adenocarcinoma 
Mucinous adenocarcinoma 
Signet -ring cell carcinoma 
Undifferentiated carcinoma 
Other 

01 well differentiated 
02 moderately differentiated 
03 poorly differentiated 
04 undifferentiated 

Yes 
No 

Poorly differentiated (03) 
or undifferentiated (04) 
and/or microscopically 
demonstrated invasion of 
lymphatic vessels 

All other forms 

a Corresponds to the WHO Classification (MORSON and SOBIN 
1976. 

b Only neoplastic proliferations with invasion at least into the sub
mucosa are considered carcinomas. 

, In polyps in which adenomatous as well as carcinomatous struc
tures are present. one should state for each portion whether the 
lesion has been completely removed or not. 

d In the event that there are different degrees of differentiation. 
the classification should be made according to the most unfavour
able degree; signetring cell and undifferentiated carcinomas are 
classified as 04. 

285 
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Fig. 6. Poorly differentiated adenocarcinoma 

Fig. 7. Invasion of lymphatic vessels 
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of the risk of lymph node metastases being present at the time of excision 
of the polyp. 

Some authors consider that other statements on the polypectomy speci
men are relevant in planning further therapy. These include: macroscopic 
type (sessile, semi-pedunculated, pedunculated), histological type of 
residual adenoma (tubular, tubulovillous, villous), subdivision of the depth 
of invasion and invasion of veins. We are of the opinion that all of these 
categories are of no clinical significance (see below). 

6 Clinical Consequences 

Therapeutic procedures following excision of a malignant polyp should be 
planned in the first instance according to whether or not the carcinoma 
was completely removed during polypectomy. 

6.1 Procedure in the Event of Complete Removal of Carcinoma 

The titles of two publications illustrate the range of opinion on this topic: 
"Endoscopic Polypectomy: Inadequate Treatment for Invasive Colorectal 
Carcinoma" (COLACCHIO et al. 1981) and "Hands Off Cancerous Large 
Bowel Polyps" (RIDDELL 1985). A comprehensive overview of differing 
opinions in the English literature can be found in WILCOX et al. (1986). 
There is an ever increasing tendency not to recommend further major 
surgery following complete endoscopic removal of a malignant polyp. 
Some surgeons share this opinion (DE COSSE 1984; GALL and SCHEELE 
1986). 

If the carcinoma in a malignant polyp has been completely removed, 
the major concern of the clinician is whether or not regional lymph node 
metastases are present, because clearance of such deposits is the only 
rationale for major surgery. Unfortunately, even with modern imaging 
techniques, reliable evaluation of the status of regional lymph nodes is 
impossible. Metastases from completely removed malignant polyps, as a 
general rule, are small and only involve a few lymph nodes. In our own 13 
cases, in which lymph node metastases were found at radical surgery fol
lowing excision of a malignant polyp, the largest diameter of involved 
lymph nodes in seven patients was 5 mm or less, greater than 5-10 mm in 
three patients, and greater than lO mm in only three patients. 

The most reliable method for evaluating the risk of lymph node metas
tases is at present the histological evaluation of the primary tumour. At S1. 
Mark's Hospital in London, only poor differentiation of the carcinoma is 
considered to indicate high potential for lymph node metastasis. Since 
1977, we in Erlangen have also considered histological evidence of lympha
tic vessel invasion as a marker of high metastatic risk; this agrees with the 
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Table 4. Microscopic findings in polypectomy specimens related 
to subsequent major surgery specimens. (1) Dept. of Surgery 
and Dept. of Medicine. Univ. of Erlangen. 1969-1986; 
(2) Institute of Pathology. Bayreuth. 1982-1987 (Prof. Dr. 
M. STOLTE. unpublished data) 

Findings in polyp
ectomy specimens 

A) Judgement of the risk 
of regional lymph 
node metastasis having 
already taken place 

Low risk 
High risk 

B) Adequacy of removal 
Complete 
Doubtfully 
Incomplete 

Findings in subsequent 
surgical specimens 

Incidence of regional lymph 
node metastasis 
(I) (2) 

2/41 = 5% 2/42 = 5% 
11/41 = 27% 5118 = 27% 

Incidence of residual carci
noma in thc intestinal wall 
(I) (2) 

0/36 = 0% 0/35 = 0% 
1111 = 9'}'o 

13/35 = 37% 21134 = 60% 

Note: The percentage of high risk cases is higher in Erlangen (\) 
because in the last ]() years. patients with low risk tumours have 
undergone major surgery only in the relatively rare event of in
complete polypectomy. 

P. HERMANEK 

opmJOns of many American authors (SHATNEY et al. 1974; WOLFF and 
SHINYA 1975; STEARNS 1978; WITT and WINAWER 1981; LIpPER et al. 1983; 
CHRISTIE 1984; FENOGLIO-PREISER 1985; RIDDELL 1985). We have not yet 
observed undifferentiated carcinoma or signet ring cell carcinoma within 
malignant polyps, but we have introduced these cases into the concept of 
low and high risk (see page 284). 

Other factors discussed in the literature appear to us to be of no rele
vance - we base this opinion on examinations of resected specimens fol
lowing classical surgery. Besides depth of infiltration only the grade of dif
ferentiation and histologically proven invasion of lymphatic vessels show 
an independent influence on the incidence of lymph node metastases 
(HERMANEK and GIEDL 1988). The subdivision of the level of invasion 
(1-4. corresponding to the head, neck or base of the polyp and the sub
mucosa of the gut wall according to HAGGITT et al. 1985) and the macros
copic type of the malignant polyp (whether pedunculated, semi-peduncu
lated or sessile), while related to the likelihood of complete removal, have 
no certain influence on the incidence of lymph node metastases (COOPER 
1983; MORSON et al. 1984; CRANLEYet al. 1986). The same holds true for 
the presence or absence of residual benign adenoma in malignant polyps 
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(COOPER 1983; LIpPER et al. 1983; MORSON et al. 1984; HAGGITT et al. 
1985; RIDDELL 1985; CRANLEYet al. 1986) or the histological type of such 
a residual adenoma (CRANLEYet al. 1986). Proof of invasion of veins indi
cates a higher risk for haematogenous distant metastases, but is of no 
value in predicting lymph node metastases (RIDDELL 1983). 

The data compiled in Table 4 A demonstrate that assessment of the 
grade of differentiation and lymphatic vessel invasion are of value in select
ing patients for major surgery following excision of a malignant polyp. Our 
own findings, as well as those from the Bayreuth Institute of Pathology, 
where histological assessment was carried out by independent pathologists 
(Prof. Dr. Stolte and Dr. Eydt), are shown. The nearly identical results 
demonstrate that the recommendations made on the basis of histological 
assessment are reproducible. Nevertheless, histological parameters only 
provide an estimate of risk and the possibility that in a small proportion of 
unoperated cases lymph node metastases may remain behind must be con
sidered. We have estimated this risk to be about 3%-5% (HERMANEK and 
GALL 1986; HERMANEK and GIEDL 1988). 

6.2 Procedure in the Event of Incomplete or Doubtfully Complete 
Removal of Carcinoma 

There is a general consensus that further surgery is necessary when the 
pathologist finds tumour at the resection line of an excised malignant 
polyp; this also holds true even when the endoscopist thinks the lesion has 
been completely removed. This is illustrated in the following case report: 

H. J., a 54 year-old female, underwent endoscopic polypectomy by an 
experienced endoscopist who was of the opinion that the lesion was com
pletely removed. Histology showed an adenoma with moderately differen
tiated adenocarcinoma, reaching the resection line. Because the endosco
pist was convinced that he had resected through healthy tissue, numerous 
biopsies from the polypectomy region were taken. No tumour tissue was 
found at microscopy. At the insistence of an external pathologist and the 
author (who was asked for a second opinion on this case), the patient was 
referred to the Department of Surgery of the University of Erlangen, 
where a low anterior resection was performed. Beneath the regenerated 
intact mucosa. at the polypectomy site, we found residual tumour in the 
submucosa of the resection specimen; its greatest dimension was 1.8 mm. 

This case illustrates that any attempt to prove or rule out possible 
residual tumour by means of forceps biopsies is futile. Planning therapy 
on the basis of endoscopy results instead of on histology reports of the 
polypectomy specimen is to be strongly discouraged. 

Clinical management following a pathologist's report of doubtfully com
plete removal of a malignant polyp is more troublesome. We have been 
cautious in such cases and have recommended further surgery, tailored ac
cording to the age and operative risk of the individual patient. 
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Table 4 B shows the results of employing the above policy for incom
pletely excised malignant polyps at two centres, with reference to the pres
ence of residual tumour in the subsequent resection specimen. The fact 
that residual tumour was not found in the gut wall after incomplete re
moval, in every case, can be explained by the fact that during polypectomy 
the underlying gut wall also receives diathermy current and that the result
ing millimetre-wide necrosis destroys any residual tumour present. How
ever, the presence of residual tumour in about a third of the cases after 
incomplete polypectomy supports the view that further operation is indi
cated in such cases. 

Many years ago, we recommended classical radical surgery, i.e. re
moval of the site of the primary tumour with wide margins of clearance 
and en bloc. removal of the regional lymph nodes for all cases with 'incom
plete removal' or 'doubtfully incomplete removal' of malignant polyps. On 
the basis of our own experience with limited treatment of early colorectal 
carcinoma over the past few years (HERMANEK and GALL 1986), and simi
lar reports from other centres (LOCK et al. 1978; KILLlNGBACK 1985; 
WHITEWAYet al. 1985), we now increasingly discuss the use of local surgi
cal excision for low risk type malignant polyps which have been incom
pletely removed. According to the site of the lesion, one can perform 
transanal disc excision, segmental resection or tubular resection (GALL 
1982). Important criteria for this are the individual's operative risk and the 
necessity to avoid a permanent colostomy. 

6.3 Selection Criteria for Major Snrgery Following Removal 
of Malignant Polyps 

Table 5 summarises the treatment policy carried out in the Department of 
Surgery and the Department of Medicine at the University of Erlangen. 
This plan is followed in many other institutions in Germany and other Ger
man-speaking countries. Two important conditions are necessary for its 
success: 

1. The histological analysis of the polypectomy specimens must be techni
cally perfect (with optimal orientation) and careful (with step sections). 

2. The patient must be willing to participate in a closely monitored follow
up programme. The purpose of this is to diagnose and treat any local 
recurrences at an early stage and thus achieve good results. Follow-up 
endoscopies are necessary for this; in the first year these should be per
formed every 3 months, and in the second year every 6 months. 

The success of the policy is shown by the follow-up results from our 
patients who underwent endoscopic polypectomy only. The data sum
marised in Tables 6 and 7 as well as similar reports from other institutions 
support the current opinion that endoscopic polypectomy alone can be 
considered the procedure of choice in carefully selected patients with 
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Table 5. Therapeutic procedures in malignant polyps 

Histological diagnosis on polypectomy specimen: adenocarcinoma 

Adequacy of removal? 

/ ~ 
Incomplete/doubtfully Complete 

/Plete~ / ~ 
Low risk High risk High risk Low risk 

t t t t 
Surgical local Classical Classical No further 
excision (or cancer surgery cancer surgery surgery 
classical cancer 
surgery) 

malignant polyps (WOLFF and SHINYA 1975; GILLESPIE et al. 1979; MUTO 
et al. 1980; ROSSINI et al. 1982; CHRISTIE 1984; MORSON et al. 1984; FREI 
1985; CRANLEYet al. 1986). One must recognise that even in appropriately 
selected patients there is a small (but not significantly increased) risk that 
endoscopic therapy alone will leave behind lymph node metastases in a 
small portion of cases (3%-5%) (see Sect. 6.1). This risk must be weighed 
against the risk of major surgery, especially in elderly patients in whom 
classical radical operation carries a significant surgical mortality. One must 
also consider the effect on the quality of life of a permanent colostomy in 
the case of carcinomas of the lower rectum. All of these factors should be 
discussed with the patient before agreeing a course of management. 

The treatment of patients with malignant polyps is an example of how 
modern clinical oncology continuously seeks to tailor treatment for the in
dividual patient. In planning therapy, the pathologist plays an important 

Table 6. Reliability of criteria for recommending major surgery 
after endoscopic removal of malignant polyps (Dept. of Surgery 
and Dept. of Medicine. Univ. of Erlangen. 1969-19R6) 

Recommendation 
for major surgery 

No 
Yes 
Doubtful 

Number of Positive findings on specimens 
patients of further major surgery: 

residual tumour in intestinal 
wall and/or regional lymph 
node metastasis 

9 0 

70 24 = 34% 

R 1 = 13% 
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Table 7. Follow-up of patients with malignant polyps (Dept. of Surgery. Univ. of Erlangen. 1969-19851 
31. 12. 1987) 

Recommendation Further Number 5-year Median Local Curative Surgical Cancer 
according to the major of survival survival recurr- reopera- mortality deaths 
findings on surgery patients rate (age- time enee or tion of 
polypectomy after corrected (months) local re- local re-
specimens polyp- with 95% sidual currence 

ectomy confidcnce tumour 
interval) 

No further Not per- 45 95 ± 16% Undef. (2%) (2%) 
surgery formed 

Performed 4 (100%)" 137.5 

Further surgery Performed 45 100 ± 1% Undef. I (2'/'0) 1 (2%) 1 (2°;\,) 2 (4%) 
Not per- 10 (27% )" 30.0 5 (50%) 5 (50%) 
formed 

a Unreliable because of the small number of patients. 

role, and in order to achieve optimal results, a close and trusting coopera
tion between gastroenterologists, surgeons and pathologists is of decisive 
importance. 
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1 Introduction 

This account will describe the role of the histopathologist in the manage
ment of patients with colorectal cancer. The contributions of the 
pathologist fall into three areas: the interpretation of biopsies, particularly 
of the rectum. the management of early cancer and the reporting of surgi
cal specimens of advanced rectal cancer. Information provided by the 
pathologist may not only determine the likely prognosis but also demon
strate the need for further treatment. Conventional methods of pathologi
cal examination do have their limitations. New techniques may provide im-
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portant insight into the biological behaviour of malignant cells. This review 
will include a critical account of the value of immunohistochemistry, 
molecular biology and flow cytometry. 

2 Role of Rectal Biopsy 

Rectal biopsy has three aims: confirmation of the diagnosis of malignancy, 
histological typing of the malignant tumour and histological grading of 
malignancy. A clinically suspicious lesion should receive a definitive tissue 
diagnosis, particularly when it is located in the rectum. Failure to do so 
may result in an unnecessary rectal excision. A number of conditions can 
mimic rectal cancer clinically, histologically or both. They include solitary 
rectal ulcer syndrome, oleogranuloma, barium granuloma, endometriosis 
and, most importantly, benign adenoma. There is a danger of diagnosing 
small crushed incision biopsies from the surface of an adenoma as cancer. 
Furthermore reactive changes at the site of the incision biopsy may be 
interpreted as focal malignancy when the whole polyp is later excised. The 
pathologist should therefore discourage incision biopsies and state a strong 
preference for total excisional biopsy whenever this is feasible. Three find
ings assist in the diagnosis of malignancy: the cytology and architecture of 
the neoplastic epithelium, invasion by neoplastic epithelium across the line 
of the muscularis mucosae into the submucosa and a desmoplastic reaction 
around the invading epithelium. Neoplastic epithelium confined to the 
mucosa has no metastatic potential and therefore does not need to be 
treated by radical surgery. 

Colorectal tumours may occasionally be secondary to malignant 
growths in adjacent organs invading the bowel directly from without (e.g. 
prostate) or by haematogenous spread from a distant site. Most signet-ring 
cell carcinomas of the rectum are gastric secondaries. Clearly if the 
pathologist suspects a secondary tumour this must be carefully confirmed 
or refuted before surgical removal of the bowel can be countenanced. 
Leukaemic deposits as well as primary or secondary lymphoma may mimic 
primary undifferentiated carcinoma and neuroendocrine (oat cell) car
cinoma. Non-keratinising small cell squamous cell carcinoma and 
melanoma of the anal canal may both present as rectal tumours and cause 
diagnostic difficulties. These differential diagnoses are of considerable clin
ical importance since surgical treatment of leukaemia, lymphoma, squa
mous cell carcinoma of the anus and neuroendocrine carcinoma (REDMAN 
and PAZDUR 1987) of the rectum would be inappropriate. Mucinous car
cinoma of the rectum is more likely to show extensive local spread and 
lymph node involvement than non-mucinous carcinoma (SASAKI et a1. 
1987) (Table 1). This finding may warn against restorative surgery when 
the choice of anterior resection or rectal excision is finely balanced. 
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Table 1. Relationships between histological type of rectal carcinoma and other 
pathological variables (after SASAKI et a!. 1987) 

Pathological variables 

Involved lymph nodes 
Extensive local spread 
Diffuse infiltration 
Poor differentiation 

Histological type 

Adenocarcinoma 

50% 
30% 
25% 
9% 

" > 75% of tumour volume composed of mucus. 

Mucinous Ca" 

65% 
48% 
38% 
40% 

Table 2. Relationships between histological grade of 
carcinoma and spread (after DUKES and BUSSEY \958) 

Low 
Average 
High 

Extensive local spread Lymph node spread 

I Ii 'Yo 

22% 
30% 
47% 
81°/" 

Signet-ring Ca 

91% 
78% 
93% 

100% 
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Histological features used for grading colorectal cancer include: tubule 
configuration, loss of cellular polarity and variation in nuclear size and 
shape (JASS et al. 1986). Tubule configuration is the most important vari
able in the subjective assessment of grade of malignancy. The classical 
studies of DUKES and BUSSEY (1958) demonstrated important relationships 
between grade, the extent of local spread and the risk of lymph node 
metastasis (Table 2). 

The discovery of a high grade tumour in a rectal biopsy should warn 
against an attempt at restorative surgery because of the increased risk of 
incomplete removal and local recurrence. Conversely the report of low 
grade tumour might encourage the surgeon to resect a bulky tumour 
whose size and attachment to adjacent structures might be due merely to 
fibrosis and inflammation. In practice the grading of malignancy is subjec
tive (THOMAS et al. 1983). Overgrading may occur when biopsies are small 
and crushed and undergrading may be a consequence of tumour 
heterogeneity. Clinical assessment provides the mainstay of surgical deci
sion making, but the grade of malignancy may influence management in 
some borderline cases. 
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3 Early Colorectal Cancer 

The term 'early' as applied to a gastrointestinal tumour cannot be equated 
with a specific pathological stage of the disease, but serves to identify 
cancers that are judged on clinical grounds to be curable. The usual mor
phological definition is a cancer that has not spread in direct continuity 
beyond the submucosa, regardless of the presence of lymph node metas
tases. Although knowledge of lymph node metastasis is an extremely valu
able source of prognostic information, the clinician cannot know the lymph 
node status preoperatively. Early colorectal cancer differs from other 
forms of early gastrointestinal malignancy in that it is frequently treated 
and cured by local means alone. Early colorectal cancer presents in one of 
four ways: malignant adenoma (usually a pedunculated adenoma with a 
focus of malignancy), polypoid carcinoma, large sessile adenoma (usually 
villous) with a focus of malignancy and small ulcerating cancer (Fig. 1). 
'the first two are treated by snare polypectomy. The endoscopist may or 
may not have suspected a diagnosis of malignancy. Large sessile adenomas 
of the rectum may be treated by submucous excision and the diagnosis of 
cancer is often unsuspected preoperatively. The small ulcerating cancer of 
the rectum is always diagnosed and subjected to rigorous clinical assess
ment prior to surgical removal. 

Although early colorectal cancer presents and is treated in a variety of 
ways, the broad policy of management is the same. This policy was forged 
from a study of radical operation specimens which demonstrated important 
relationships between direct spread in continuity, tumour grade and lymph 
node involvement. Out of a total of 2084 rectal cancers treated by radical 
surgery, 46 were limited to the submucosa. Five of these were associated 
with lymph node metastases, but three of the five were poorly differen
tiated tumours. Thus only 2/43 (4.7%) early, non-poorly differentiated rec
tal cancers treated by radical surgery were accompanied by nodal metas
tases (MORSON 1966). 

The small ulcerating cancer of the lower rectum presents an interesting 
dilemma to the clinician. Local excision will obviate the need for a colos
tomy and is associated with less morbidity and lower perioperative mor
tality. On the other hand the technique of removing a disc of rectal wall 
bearing a small cancer contravenes all the laws of bowel cancer surgery. 
Theoretically the patient is placed at risk of local recurrence due to implan
tation of viable tumour cells into the perirectal fat. More importantly cure 
may be compromised by leaving behind tumour in lymphatics and lymph 
nodes. Nevertheless by adhering to a strict policy, 24 carefully selected 
patients have been safely managed by curative local excision performed at 
St. Mark's Hospital (WHlTEWAY et al. 1985). This number is small, but 
early rectal cancer is likely to be detected with increasing frequency as 
screening becomes more widely adopted. An ulcerating cancer may be a 
candidate for curative local excision if it is small, mobile and accessible 
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Fig. 1. Early, small ulcerating adenocarcinoma of the rectum. The tumour invades the superfi
cial submucosa. There is no residual adcnomatous tissue. HE. x 15 

and, for the reasons given above, not found to be poorly differentiated. In 
addition there should be no palpable retrorectal lymph nodes. The latter 
may seem somewhat stringent, but it is in fact unusual to find large reac
tive nodes in association with a small cancer. Intrarectal ultrasound will 
probably assume considerable importance in the assessment of early rectal 
cancer. Following disc excision, the histopathologist must again ensure that 
the tumour is not poorly differentiated as well as demonstrate that excision 
is complete and that tumour does not extent beyond the external muscle 
coat of the rectum. It should be stressed that the risk of lymph node metas
tasis does not become excessive until tumours traverse the bowel wall and 
penetrate the perirectal fat. There is no information on the significance of 
lymphatic or venous invasion, mainly because this is so rarely seen in 
specimens of early colorectal cancer. 

Of the 24 patients treated by curative local excision, the above criteria 
were met in 19 and additional radical surgery was therefore not indicated 
(WHITEWAY et al. 1985). Sixteen were alive and well at 5 years with no 
evidence to tumour recurrence. Three died of unrelated conditions. The 
histological criteria were not met in five patients and further surgery was 
therefore dictated by the policy. No residual cancer was found, but two 
patients died with distant metastases and the remainder were alive and 
well at 5 years. This small series indicates that local excision is safe, provid
ing that a strict policy is adhered to. The theoretical risk of local recurrence 
by implantation of tumour cells appears to be unfounded, at least in this 
small selected series. The study invites the interesting suggestion that if an 
early colorectal cancer cannot be cured by local excision, then it cannot be 
cured at all. 
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4 Advanced Colorectal Cancer 

It is unsatisfactory to provide a list of prognostic variables without attempt
ing to justify their adoption or explaining how they may be derived in a 
standardised manner. 

4.1 Macroscopic Features, Dissection and Spread of Cancer 

The fresh surgical specimen should be sent to the pathology department, 
where it is opened along the antimesenteric border and preliminary mea
surements are taken. Specimens removed after hours should be refriger
ated at 4° C and submitted to the pathology department at the earliest op
portunity. By measuring the transverse diameter of the tumour and the 
bowel circumference at the midpoint of the growth, the % involvement of 
the bowel circumference can be calculated. The specimen should be pinned 
onto a cork mat and immersed in formalin for 24 h, unpinned and fixed 
for a further 24 h. The precise anatomical location of the tumour may not 
be obvious and clinical guidance should always be provided. The gross ap
pearance of the tumour is related to prognosis (WOOD and WILKIE 1933). 
Protuberant tumours have the best prognosis, followed by well cir
cumscribed ulcerating growths. The least favourable outcome is associated 
with diffusely infiltrating cancers. Small, stricturing tumours are included 
in the latter category. The presence of adenomas may have a favourable 
influence upon outcome that is independent of stage and grade (KRON
BORG et al. 1986). The risk of metachronous neoplasia is increased when 
adenomas are present. 

4.1.1 Local Spread 

Dissection will be greatly facilitated by the use of a knife with a heavy 
handle and a long, razor-sharp blade. The tumour should be sliced trans
versely into blocks of tissue that are 3-4 mm thick and which include the 
deep margin of surgical excision. With careful examination it may be possi
ble to judge whether or not the tumour is confined to the bowel wall and 
to measure the extent of any extramural spread as well as the minimum 
clearance at the deep surgical margin. It is unnecessary to submit all this 
tissue for histological examination. Samples should be selected which 
include the point of maximum spread and the minimum deep clearance. It 
is preferable to make a gross inspection of multiple slices and to select one 
with care (Fig. 2) than to trim off three random samples of tumour 
mechanically. Macroscopic examination may also reveal extramural venous 
invasion, tumour deposits that are discontinuous with the main growth and 
lymph nodes deep to the tumour. These will require histological study. The 
deep surgical margin may be coated with Indian ink to ensure that it is 
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Fig. 2. Tissue sections through an ulcerating carcinoma which include perirectal fat and the 
deep excision margin. The second block from the top should be selected for histological ex
amination because there is a tumour deposit close to the deep margin of excision (arrow). 
Although discontinuous with the main growth. this deposit did not appear to be within a 
lymph node 

incorporated within the histological section. Macroscopic measurements 
should be confirmed microscopically since fibrosis may be mistaken for 
cancer and gross measurements may overestimate the extent of local 
spread. If destroyed by tumour the location of the outer edge of the bowel 
may be estimated by simple extrapolation. 

Probably the most important fact that needs to be recorded by the 
pathologist is whether or not the deep excision margin is involved by 
tumour. If it is involved the operation should be defined as non-curative 
(QUIRKE et al. 1986). The deep excision margin may be involved through 
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direct spread in continuity, by tumour in lymphatics or lymph nodes or by 
tumour deposits discontinuous with the main growth. 

The second most important item concerns the level of spread in rela
tion to the bowel wall. A tumour is defined as being limited to the wall if 
it extends no further than the outer edge of the muscularis propria (or 
external muscle coat). The upper rectum is covered anteriorly by 
peritoneum, but the definition of the bowel wall should not be modified 
by the presence of this structure. This is true also for the colon. Providing 
a cancer is limited to the wall (as defined above) and that lymph nodes are 
not invaded, the 5-year cure is virtually 100% (see below). It is worth not
ing whether tumour is limited to the submucosa in order to confirm the 
relationship between extent of local spread and risk of lymph node metas
tasis. This information is of i!llportance in rationalising policies for the 
local treatment of cancer (see above). Neoplasms confined to the mucosa 
have not been shown to be capable of metastasis and the vast majority can 
be accommodated by the term 'adenoma'. 

Tumours of the lower rectum are infraperitoneal. Extension beyond the 
bowel wall may lead to invasion of adjacent organs. Tumours of the upper 
anterior rectum may be confined to or penetrate beyond the serosa, with 
or without invasion of adjacent organs. Despite involvement of adjacent 
organs, complete excision en bloc may have been achieved. The 
pathologist should always endeavour to show whether or not excision is 
complete. Incomplete removaL histologically confirmed spread beyond the 
serosa or in distant sites and either operative or spontaneous perforation 
of the bowel all justify the designation of the surgical procedure as non
curative. 

Extent of spread beyond the bowel wall should be measured (CHAN 
et al. 1985; QUIRKE et al. 1986) as this may be of prognostic importance. 
Simple extrapolation may be used when the muscularis propria is de
stroyed by tumour. Direct spread into adjacent organs such as vagina, 
bladder and prostate should be recorded. It is unnecessary to examine the 
proximal and distal resection margins at the microscopic level unless the 
margins are close « 3 cm) to the tumour or the cancer shows either a 
highly infiltrative pattern of growth or extensive vascular or lymphatic 
permeation. 

4.1.2 Lymph Node Spread 

Lymph node spread is the most important pathological prognostic variable 
in patients undergoing curative surgery for rectal cancer (lASS et al. 1987). 
All lymph nodes which drain the segment of bowel harbouring a cancer 
should be dissected out and subjected to histological examination. Again, 
a knife with a long, razor-sharp blade should be used to cut sections 
through the well-fixed mesentery at 1 mm intervals (Fig. 3). A small scal
pel will be far less effective. The harvest of lymph nodes, the number of 
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Fig. 3. A sample of tissue sections taken through a well-fixed mesorectum. At least 20 lymph 
nodes can be counted 

nodes contammg metastatic tumour and the presence of tumour in a 
lymph node at the limit of lymphatic dissection should be recorded. A 
single section through the centre of each node has been the method of 
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sampling at St. Mark's Hospital for 60 years. Nodules of tumour that are 
discontinuous with the main growth may be found within the extramural 
fat without any signs of a residual lymph node (Fig. 2). The clinical signifi
cance of this observation is unknown at present. Permeation of lymphatic 
or perineural spaces should be recorded (KNUDSEN et al. 1983). 

4.1.3 Venous Spread 

Venous spread has been found to confer no independent prognostic infor
mation in the presence of other pathological variables (lASS et al. 1987). 
The assessment is somewhat subjective and it is recommended that only 
invasion of extramural veins with muscular walls should be recorded. This 
observation may be important in individual cases. 

4.1.4 Distant Spread 

Histological proof should be obtained when this is feasible. 

4.2 Histological Characteristics 

4.2.1 Tumour Type 

Most colorcctal cancers are adenocarcinomas. Mucinous carcinomas se
crete large amounts of mucus and account for about 10% of cases. Other 
types are rare and include signet-ring cell, large cell undifferentiated, small 
cell undifferentiated, squamous, adenosquamous and carcinoid tumours. 
Tumour typing, at least into adenocarcinoma, mucinous carcinoma and 
signet-ring cell carcinoma, appears to confer no important independent 
prognostic information in the presence of other pathological variables 
(SASAKI et al. 1987). However, tumour typing may be of considerable im
portance in understanding the aetiology and histogenesis of large bowel 
cancer and for this reason should continue to be recorded. 

4.2.2 Differentiation 

Architecture or tubule configuration is the most important indicator of 
grade of differentiation (lASS et al. 1986). The presence of irregularly 
folded, distorted and often small tubules or the absence of any attempts at 
tubule formation should be the essential hallmarks of poorly differentiated 
cases (Fig. 4a). All other tumours (approximately 80%) should be re
corded as 'other' (Fig. 4 b). This recommendation reflects the subjective 
nature of grading and poor levels of interobserver agreement (THOMAS 
et al. 1983). Tumours are frequently heterogeneous (see below) but in view 
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Fig. 4 a, b. Poorly differentiated adenocarcinoma (a) showing irregular clumps of cells as com
pared to a moderately differentiated adenocarcinoma (b). HE. x 75 

of the concept of the selection of clones of increasing malignancy it is logi
cal to grade by the worst area rather than by the predominant pattern. 
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Fig. 5 a, b. Diffusely infiltrating adenocarcinoma (a) as compared to an expanding tumour (b) 
HE. x \0 

4.2.3 Invasive Margin 

About 25% of rectal tumours invade in a diffusely infiltrative manner, 
appearing to dissect between normal structures in a seemingly effortless 
fashion that is usually unopposed by any form of inflammatory response 
(Fig. 5 a, b). This can often be appreciated readily by the gross inspection 
of tumour slices at the time of dissection since the margins of such growths 
are difficult to define macroscopically as well as microscopically. This is a 
most unfavourable feature and a tumour should not be described as dif
fusely infiltrating unless the pathologist has no doubts about the veracity 
of the designation. Diffusely infiltrating tumours are often but by no 
means always poorly differentiated. 

4.2.4 Lymphocytic Infiltration 

The presence of an inflammatory mantle at the advancing edge of a tu
mour confers an excellent prognosis that is at least partly independent 
of other pathological variables (JASS 1986). Eosinophils, neutrophils 
and plasma cells as well as lymphocytes are often represented within the 
mantle, which follows the contour of the invasive margin of the tumour. 
This is most easily appreciated when the invasive margin is well circum
scribed (Fig. 6 a, b). When the tumour is less well circumscribed, the cellu-

b 
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Fig. 6a, b. Conspicuous peritumorallymphocytic infiltration (a) as compared to scanty infiltra
tion (b). HE, x 75 

lar stroma occurs as a cap at the apex of each advancing tongue. This 
inflammatory lamina may resemble the normal lamina propria and its pres
ence may indicate the persistence of the normal interactive network that 
links intestinal epithelium and mucosa-associated lymphoid tissue. This 
would in turn indicate the preservation of a high level of functional diffe
rentiation and thereby account for the excellent prognosis. The finding 
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characterises about 25% of rectal cancers and is more frequent in the 
earlier stages of the disease (lASS 1986). Cancers are often well differen
tiated but the finding is also typical of well circumscribed, large cell undif
ferentiated tumours (reminiscent of medullary carcinoma of the breast). It 
is not necessary to observe enormous numbers of lymphocytes; rather it is 
the presence of a delicate cellular stroma that includes lymphocytes that is 
important. This should be present at the deepest point of tumour. Doubtful 
cases should be excluded if the excellent prognostic significance of the 
observation is to be maintained. 

4.3 Prognostic Classification 

It is important to distinguish between curative and non-curative operations 
and this requires close liaison between surgeon and pathologist. If an opera
tion has not been curative this does not necessarily mean that the patient 
is doomed. Thus in some instances the situation may be salvaged by offer
ing some form of adjuvant therapy such as postoperative pelvic irradiation 
for an incompletely excised rectal cancer. Non-curative procedures should 
therefore be grouped separately and the reason or reasons for this desig
nation should be stated. When the surgeon believes that tumour has been 
left within the patient, histological confirmation should be obtained 
whenever this is feasible. Suspected distant metastases or residual tumour 
within the bed of the primary growth should be biopsied accordingly. 
Operations should also be regarded as non-curative if there has been spon
taneous or operative perforation of the bowel, carrying the theoretical risk 
of dissemination of tumour cells into the peritoneal cavity. When cancer is 
not removed en bloc as, for example, when iliac or para-aortic nodes are 
biopsied separately and found to contain tumour, it must be assumed that 
microscopic disease has been left behind. Finally the pathologist must con
firm that the specimen has been completely excised at the deep excision 
margin as described above. 

Unfortunately about 50% of patients undergoing 'curative' surgery for 
large bowel cancer ultimately die with distant metastases. 'FINLAY and 
McARDLE (1986) showed that the usual explanation will be the presence 
of established but clinically occult hepatic metastases at the time of 
surgery. This conclusion was based on the use of a highly sensitive com
puterised tomographic scan of the liver. All long-term deaths due to distant 
metastases were correctly predicted by a positive liver scan. There were 
some false-positive cases, indicating the practical limitations of their ap
proach. However, the biological and clinical implications of the study are 
of great importance. If FINLAY and McARDLE (1986) are correct then the 
prognosis of patients undergoing curative surgery can be derived only by 
the detection of clinically occult hepatic metastases. Unfortunately, as 
noted above, the attainment of 100% sensitivity compromises specificity 
and the accurate detection of occult liver metastases must await the devel-
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opment of improved scanning methods. However, there is another ap
proach to this problem which stems from their suggestion that cancers may 
be divisible according to the possession of a high or low metastatic poten
tial. Thus the biological properties of the tumour and the character of its 
interaction with the host might be exploited to predict the presence of oc
cult hepatic metastases. This exciting possibility highlights the inadequacy 
of traditional staging classifications which are anatomically based. They 
may indicate how far the tumour has spread within the specimen, but one 
needs to know how far the tumour has progressed within the patient. This 
is of more than academic interest. It may be more beneficial to treat pa
tients by liver perfusion with cytotoxic drugs, a potentially hazardous pro
cedure, when there is a high likelihood of liver involvement. 

It should be possible to develop an improved prognostic classification 
by identifying those biological or pathological features of a tumour that 
have important and independent relationships with cancer-related death. 
According to the evidence cited above such variables should in effect be 
predicting the presence of occult hepatic metastases (assuming that the pa
tient has undergone 'curative' surgery). It should be pointed out that the 
published attempt at this exercise (lASS et al. 1987) is deficient in that his
tological examination of the deep excision line was not performed with the 
stringency advocated above. This may have resulted in the failure to 
exclude a small number of non-curative cases. Furthermore only rectal 
cancers were studied. Four of the eight variables subjected to Cox regres
sion analysis were shown to influence survival independently in a series of 
379 patients undergoing 'curative' surgery for rectal cancer (lASS et al. 
1987). These will now be discussed. 

4.3.1 Lymph Node Invasion 

The number of positive lymph nodes (0, 1-4, > 4) was the most impor
tant predictive variable. Only just over 10% of patients with no positive 
lymph nodes died as a result of cancer (Fig. 7). The likelihood of a cancer
related death increased in register with the number of affected nodes, be
coming high when the total exceeded four (Fig. 7). One may in turn infer 
that distant metastasis becomes more likely with increasing numbers of af
fected lymph nodes. The fact that there is not an exact relationship be
tween nodal and distant metastasis is not surprising since the mechanism 
of spread will often be different. For example the extension of a tongue of 
tumour via a lymphatic into an adjacent lymph node may not require and 
therefore indicate the acquisition of a high metastatic potential. More ac
tive methods of spread may be implicated in cases with multiple nodal 
metastases and such examples would signal the acquisition of a more ag
gressive phenotype. Although the study of lymph node spread has tradi
tionally been regarded as a static indicator of extent of spread, it is likely 
that the exercise could be extended to provide important information 
about the biological behaviour of the tumour. Additional attention could 
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Fig. 7. Survival curves for a series of 379 'curative' operations for rectal cancer and four in de 
pendent variables 
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be placed on the histopathology of lymph node deposits, noting features 
such as stromal reaction, invasion of capsule, extent of replacement and 
reactivity of residual node I tissue. 

4.3.2 Extent of Direct Spread 

Five-year survival approaches 100% for rectal cancers in which direct 
spread in continuity is limited to the bowel wall (extending no further than 
the muscularis propria or extern a) (Fig. 7). This includes cancers with 
lymph node metastases, but relatively few lymph node positive cases are 
associated with tumours that are otherwise limited to the bowel wall. It is 
important to ensure that the predictive usefulness of this variable is not 
diluted by accepting amongst the intramural group equivocal cases or 
tumours showing extramural spread that is limited to within veins. The 
prognostic model was not improved by stratifying cases with extramural 
spread as slight and moderate versus extensive (lASS et al. 1987). Al
though this had been only a subjective assessment made at the time of the 
original dissection, one might have expected cases with extensive spread 
to have been more prone to incomplete removal and therefore to local 
recurrence. It is possible that a proportion of these advanced tumours 
were removed from the analysis by virtue of the surgeon believing excision 
to have been incomplete and the operation to have been non-curative. In 
addition the local recurrence rate at St. Mark's Hospital is low. It is un
likely that the extent of extramural spread will in future be shown to influ
ence survival in patients undergoing curative surgery if the deep excision 
margin is examined carefully and involvement is deemed to identify opera
tions as non-curative. Although direct spread in continuity has been a 
central component of all staging systems, its predictive value is not as great 
as one might have supposed. The effect of the exercise is to identify a small 
group of patients, perhaps 15% in a typical series, as having an excellent 
prognosis. No useful information is provided for the remaining 85% of 
patients (Fig. 7). 

4.3.3 Character of Invasive Margin 

This exercise identified a group of patients, 25% of the total, as having a 
poor prognosis (Fig. 7). Similar survival curves were produced for grade 
of differentiation, but a smaller proportion of cancer (15%) were graded 
as poorly differentiated. The superior prognostic power of the assessment 
of the invasive margin (aided by the simplicity and reproducibility of the 
exercise) ousted differentiation in the Cox regression analysis. The utility 
of the exercise now seems to be well founded (QUIRKE et al. 1987; SCOTT 
et al. 1987 b). 
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Table 3. Scoring of prognostic variables (after J ASS 

et al. 1987) 

Score 

Number of lymph nodes with metastases: 
o 0 
1-4 1 
5 or more 2 

Tumour confined to bowel wall: 
Yes 0 
No 

Character of invasive margin: 
Expanding 0 
Infiltrating 1 

Peri tumoral lymphocytic infiltrate: 
Ycs 0 
No 

Table 4. Derivation of 
prognostic groups from 
total pathological scores 
(after .J ASS et al. 1987) 

Group Total score 

0-1 
II 2 
III 3 
IV 4-5 

4.3.4 Peritumoral Lymphocytic Infiltration 

J.R.JASS 

This exercise identified a group of patients, (25% of the total) with over a 
90% chance of cure (Fig. 7) and was shown to be of independent value 
(lASS et al. 1987). Its importance has been stressed by others also (ZHOU 
et al. 1983; CARLON et al. 1984; SVENNEVIG et al. 1984). However, some 
workers have found that the potential usefulness of the exercise is limited 
by the paucity of tumours that can be identified as having a marked lym
phocytic infiltrate (Scon et al. 1987 b). As described above, assessment 
depends more upon the character of the stroma at the invading margin of 
the growth than the density of the lymphocytic infiltrate. The absence of 
the feature is not helpful. 

The above variables have differing strenghts. Some, such as limitation 
of tumour to the bowel wall and lymphocytic infiltration, identify patients 
with an excellent prognosis. Others, namely five or more positive lymph 
nodes and diffuse infiltration, are markers of a poor outcome. A cumula-



Prognosis in Colorectal Cancer 313 

tive prognosis for the individual patient may be calculated by entering the 
coded variables into the Cox proportional hazards regression model (Cox 
1972). However, it is very much simpler and only slightly less accurate to 
produce integer scores for each variable that reflect the computed regres
sion coefficients (Table 3). The total score for each patient is converted 
into a prognostic group as shown in Table 4. The superiority of this prog
nostic classification over the Dukes classification has been demonstrated 
(lASS et al. 1987). 

4.4 Tumour Heterogeneity 

The exsistence of tumour heterogeneity is firmly established. Not only may 
histopathology appearances vary from one part of a tumour to another, 
but the cancer may include subpopulations of veils which differ in an
tigenic expression, growth rate and DNA content (ARENDS et al. 1985; 
HART and FIDLER 1981). It is likely that the behaviour ot the tumour will 
be determined by the most poorly differentiated component, but this has 
not been subjected to detailed study. It should be appreciated that malig
nant epithelium at the ulcerated surface and deep advancing edge of the 
tumour may appear relatively disorganised. This should be ignored. Tiny 
foci of less differentiated epithelium may also be unimportant. Somehow 
the pathologist must decide if a small area of less differentiated tumour 
has become sufficiently established to influence the course of the disease. 

The problcms engendered by tumour heterogeneity have probably 
been overstated. Thus the demonstration of structural or functional 
heterogeneity may not necessarily be associated with important clinical 
sequelae. For example it is known that a single tumour may yield several 
cell lines in vitro having different metastatic potential. However, such 
studies do not prove that metastases established in vivo are derived from 
special populations of cells with a high metastatic potential. In fact most 
studies have shown that the cells in metastases are indistinguishable from 
those in the primary growth (ALEXANDER 1983; WEISS et al. 1983). The 
establishment of a metastasis is probably a random event (albeit reflecting 
the overall biological characteristics of the primary tumour) and not the 
result of the evolution of an aggressive subclone. Cells with the ability to 
metastasise are derived from transient compartments of the tumour and 
not from a fixed subclone. This means that small tissue samples will often 
be representative of the overall biological aggressiveness of the tumour. 
This has been illustrated in a recent detailed study of the distribution of 
tumour DNA as measured by flow cytometry (see below). This study 
showed that the majority of colorectal carcinomas are homogeneous with 
respect to DNA ploidy (ScoTTet al. 1987 a). 
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5 New Techniques 

It is important to achieve a clearer understanding of the cellular mecha
nisms that allow tumour cells to spread and colonise distant sites. This 
information will not only help to provide an index of biological aggressive
ness, but may also lead to the development of treatment strategies based 
on the neutralisation of selected properties of tumour cells. Structural and 
functional differences between normal and cancer cells can now be demon
strated by a variety of powerful techniques. Each of these utilises a bewil
dering and ever-increasing multitude of probes. As often as not, a particu
lar probe will uncover a difference between normal and tumour cells and 
this finding will form the basis of a report that will subsequently be con
firmed, refuted or modified by other investigators. It is difficult for any 
individual to keep abreast of the exponential growth in reports describing 
tumour-associated changes. The fact that the majority of these changes will 
be of minor biological interest and no clinical relevance acts as a further 
disincentive. It might be more rewarding to focus research activities upon 
tumour cell attributes that are thought to be of particular importance in 
determining malignant behaviour. These include activation of oncogenes 
leading to uncontrolled growth, breakdown of the normal mechanisms of 
cell to cell interaction as determined by the altered expression of cell sur
face glycoconjugates, avoidance of recognition and destruction by the 
host's immune system (EBERT et al. 1987) and abnormal invasiveness due 
to the secretion of proteolytic enzymes such as urokinase (GELISTER et al. 
1987). Some of the more recent advances in these areas will be reviewed. 

5.1 Immunohistochemical Studies 

Despite the investment of considerable research activity into the immuno
histochemical study of differentiation antigens such as blood group sub
stances and class I and II histocompatibility antigens, the findings have 
been disappointing up to now. Some differentiation antigens are lost pari 
passu with structural dedifferentiation. An example is the IgA carrier 
molecule, secretory component (ISAACSON 1982; ROGNUM et al. 1982). 
The expression of this molecule is associated with an improved survival, 
but is not independent of more traditional pathological variables (ARENDS 
et al. 1984 a). Loss of HLA class I antigens might be expected to be re
lated to prognosis since immune T cell attack depends on the co-expression 
of these as well as non-self antigens (SANDERSON and BEVERLEY 1983). 
However, CSlBA et al. (1984) failed to show a correlation between the 
expression of class I antigens and the extent and type of mononuclear cell 
infiltrate in colorectal tumours. On the other hand loss of class I antigens 
has been described in mucinous carcinomas of the colorectum (VAN DEN 
INGH et al. 1987) and this may be related to the scant mononuclear cell 
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infiltrate associated with these tumours (SASAKI et al. 1987). HLA class II 
antigens are detected on cells whose function is to present antigen to 
T cells. The anomalous expression of HLA-D subregion products by colo
rectal cancer epithelium shows no correlation with either Dukes stage or 
differentiation (GHosH et al. 1986). It should be appreciated, however, 
that the focal expression of HLA-DR by normal colorectal epithelium 
appears to be a physiological event, particularly with respect to Iympho
epithelial complexes (SPENCER et al. 1986) or in inflammatory conditions 
(SELByet al. 1983). Thus it could be argued that the failure of colorectal 
cancer to express HLA-DR in the presence of Iymphokines (y interferon) 
might be abnormal. 

Another feature of malignant epithelium which lends itself to immuno
histochemical study is the expression of so-called oncodevelopmental anti
gens. This phenomenon may be explained by the derepression of genes 
that are normally active during embryonic or fetal life and allows one to 
speculate on possible parallels between the rapid growth and migratory 
activities of embryonic tissues and the behaviour of malignant cells. How
ever, it would appear that many of the oncodevelopmental antigens, in
cluding carcinoembryonic antigen, gastrointestinal cancer-associated anti
gen (sialylated Lewisa), stage-specific embryonic antigen (LewisX) and 
other blood group antigens are expressed by adult tissues also. Further
more the increased expression of these antigens has not been shown to 
have an independent influence upon survival (ARENDS et al. 1984 b; 
HAMADA et al. 1985; SCHOENTAG et al. 1987). 

Thc glycoprotein laminin is an important component of the basement 
membrane. It is now appreciated that invasion of the basement membrane 
is not a prerequisite for the diagnosis of malignancy and that the presence 
of this structure depends on whether its integrity has been maintained 
through the secretory activity of the tumour cell. Absence of laminin corrc
lates with distant spread and poor survival rates (FORSTER et al. 1984). 

5.2 Oncogenes and Molecular Biology 

Interest in the activation and control of growth has been stimulated in the 
last few years by the discovery of oncogenes. These are genes which have 
a physiological role in the control of growth and differentiation. Point 
mutations, translocations or gene amplification may account for the ab
normal activities of these genes in tumours. The end-point will be in
creased growth which may be mediated by such mechanisms as uncontrol
led synthesis of growth factors leading to autostimulation by tumour cells 
(SPORN and TODARO 1980), to the abnormal functioning of growth factor 
receptors or to the switching on of DNA synthesis. Over 30 oncogenes 
have now been described, but only a few have been implicated in the 
pathogenesis of colorectal cancer. This review will consider only c-myc and 
the c-ras family. 
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The c-myc oncogene codes for a nuclear protein which plays a role in 
the control and switching on of the cell cycle. Increased expression of this 
oncogene has been demonstrated in colorectal neoplasms by RNA mea
surement (Northern blotting) (CALABRETTA et a1. 1985) and by means of 
a monoclonal antobody raised against the protein product of the oncogene 
(STEWART et a1. 1986). The increased expression is not explained by either 
amplification or rearrangement of the gene (ERISMAN et a1. 1985). It has 
been reported that well differentiated adenocarcinomas contain more of 
the gene product (p6TIIlYC) than poorly differentiated tumours (STEWART 
et a1. 1986). It would appear that more c-myc oncogene expression occurs 
in cancers of the rectum and left colon than in those of the right colon 
(ROTHBERG et a1. 1985). The level of c-myc oncogene expression has not 
been shown to be of prognostic significance. However, when messenger 
RNA levels of the c-myc, c-fos, c-Ha-ras and c-Ki-ras (see below) genes 
were studied in a small series of colon cancers, high levels of one or more 
correlated with a poor outcome (MONNAT et a1. 1987). 

Protein products of the c-ras family (p21"") are thought to transduce 
signals from growth factor receptors by activating the nucleotide guanosine 
triphosphate (GTP). Mutated forms of the ras protein may be associated 
with a continuous GTPase activity which would lead to overpromotion of 
the mitogenic pathway. The c-ras oncogenes have been studied by different 
methods. Monoclonal antibodies have been raised against sections of the 
protein product which have then been demonstrated immunohistochemi
cally. This approach fails to distinguish between the mutated and non
mutated forms of the gene and the results have generally been disappoint
ing (KERR et a1. 1985). Although raised levels of the protein may be de
tected in tumours, this shows no correlation with the stage of the disease. 
Indeed metastatic deposits may contain decreased levels of p21ras (GAL
LlLCK et a1. 1985). The relation of ras oncogene expression to stage has 
been studied by messenger RNA blotting techniques (KERR et a1. 1986). 
Again there was no correlation between level of mRNA and stage of the 
disease. It would appear that p21fl1S plays a role in the early stages of neo
plastic transformation (SPANDlDOS and KERR 1984), but is not essential 
for tumour progression and spread. Recently it has been shown that a pro
portion of colorectal cancers have a point mutation at codon 12 of the c
Ki-ras oncogene (Bos et a1. 1987; FORRESTER et a1. 1987). The prognostic 
significance of this finding is unknown at present. 

Single somatic mutations that lead to an observable alteration are of 
course dominant for that condition. It is a relatively easy matter to observe 
the effects of a dominant oncogene by, for example, transfecting the 
cloned mutant oncogene into a well characterised cell line. It is very much 
more difficult to identify recessive oncogenes. However, there is now 
evidence to suggest that recessive genes (usually deletions of genes that 
control growth) are important in the aetiology of colorectal cancer. Reces
sive genes are known to be implicated in the pathogenesis of inherited 
tumours such as retinoblastoma. Loss of the homologous gene is required 
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to terminate synthesis of the gene product and lead to malignancy. This is 
usually due to complete loss of the normal chromosome through non
disjunction, but could also be due to a partial deletion or to a point muta
tion. This loss can be demonstrated by means of a molecular probe that is 
heterozygous for the affected individual. Homo- or hemizygosity within 
tumour DNA when normal DNA from the same individual is heterozygous 
for the particular probe will thereby indicate loss (or partial loss) of the 
normal chromosome. KNUDSON (1971) suggested that the initial inherited 
mutation within familial neoplasms might be acquired in sporadic forms of 
the same disease. In familial adenomatous polyposis (FAP) there is an 
inherited deletion on the long arm of chromosome 5 (BODMER et al. 
1987). Hemizygosity is rarely observed within adenomatous DNA, but 
occurs in up to 40% of sporadic colorectal cancers (SOLOMON et al. 1987). 
The implication of the latter finding, therefore, is that the first somatic 
mutation is equivalent to the inherited mutation of FAP and gives rise to 
an adenoma. However, since the gene is recessive for cancer, loss of the 
second normal chromosome, leading to hemizygosity, is a prerequisite for 
malignant transformation. Interestingly, similar mechanisms may implicate 
growth controlling or suppressor genes on other chromosomes also. 
Cytogenetic studies have demonstrated consistent deficiences of chromo
some 18 and the short arm of chromosome 17 (MULERIS et al. 1985). 
Utilising molecular biological techniques, others have shown somatic loss 
of chromosome 17p sequences in 76% of colorectal cancers but in only 
1130 adenomas (FEARON et al. 1987). It is not yet known whether there 
are any prognostic implications for cancers that have become hemizygous 
for chromosome 5, 17 or 18 sequences. 

5.3 DNA Flow Cytometry 

Flow cytometry provides a simple method for measuring tumour DNA 
content. In a series of colorectal cancers the DNA content will follow a 
clear bimodal distribution. Thus about 40% of cancers are near-diploid and 
the remaining 60% are aneuploid (TRIBUKAIT et al. 1983; GOH et al. 
1987). The fact that the technique is unable to resolve the relatively minor 
changes of karyotype which characterise the near-diploid group is unimpor
tant for the purposes of this discussion. There is a high level of agreement 
on the pattern of DNA distribution that is found in a series of large bowel 
cancers. It is also agreed that there is no relationship between DNA ploidy 
and tumour differentiation. However, it is unclear whether a relationship 
exists between ploidy and stage. Some studies report a trend between 
increasing stage and aneuploidy (BANNER et al. 1985; KOKAL et al. 1986; 
SCOTT et al. 1987b) whereas others do not (WOLLEY et al. 1982; 
TRIBUKAIT et al. 1983; ROGNUM et al. 1983; ARMITAGE et al. 1985; 
MELAMED et al. 1986; QUIRKE et al. 1987). There are no reports of a nega
tive trend. It should be appreciated that most of these studies have been 
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relatively'small and when the data are stratified by stage and ploidy, small 
differences may not be detected. A summation of the published data would 
probably indicate a weighting of DNA aneuploidy amongst tumours at a 
more advanced stage. Indeed it would be difficult to explain the survival 
advantage of near-diploid tumours if there were no such relationship. In 
our own series of 203 rectal adenocarcinomas, there was a borderline rela
tionship with Dukes stage (X2 = 3.77; P = 0.(77) and a significant relation
ship with extent of direct spread in continuity (X2 = 6.12; P = 0.014) (GOH 
et al. 1987). However, the most significant association was with the 
stromal reaction at the advancing edge of the tumour. A cellular stroma 
that included a prominent lymphocytic infiltrate predicted near-diploidy 
whereas a dense fibrotic stroma predicted aneuploidy (GoH et al. 1987). 
The latter somewhat unexpected finding has been recorded by others 
(ScoITet al. 1987b). 

The survival curves for near-diploid and aneuploid cancers are grati
fyingly similar in most large series, with diploid tumours having a clear 
survival advantage. However, the magnitude of the independent predictive 
value of DNA ploidy varies enormously. In our own study, ploidy was 
dwarfed into near insignificance by Dukes stage (GOH et al. 1987). Others 
have found ploidy to be as important (SCOTT et al. 1987 b) or even more 
important (KOKAL et al. 1986) than Dukes stage. Since the survival curves 
for cancers stratified by DNA ploidy are similar in the majority of reports, 
it would seem that the quality of pathological reporting is the variable 
factor. One contribution stands apart from all the others in reporting a 
cure rate for near-diploid tumours of 100% (KOKAL et al. 1986). However, 
this was a small and highly selected series with only three aneuploid Dukes 
C cancers. 

The predictive value of DNA flow cytometry might be increased by 
removing cases having either a very poor prognosis or a very good prog
nosis. Once cancers have spread to distant sites, ploidy status becomes 
immaterial (FINAN et al. 1(86) and the same would presumably apply to 
incompletely removed cancers. Similarly cancers with no positive lymph 
nodes and little or no direct extension beyond the bowel wall will have an 
excellent prognosis regardless of ploidy status. It is in patients undergoing 
curative surgery and subsequently placed within prognostic group III (see 
above) that flow cytometry might prove to be of particular value. 

It is possible that near-diploid tumours are heterogeneous. For exam
ple, there might be a subgroup with a near normal chromosomal constitu
tion and characterised by a low biological aggressiveness. There is some 
evidence that near-diploid cancers with a low proliferative index (as indi
cated by a low proportion of cells in the Sand G2 phases) fare better than 
those with a high proliferative index (QUIRKE et al. 1987). Such a sub
group would account for the overall better prognosis of near-diploid 
tumours. The artificial selection of the same subgroup might account for 
the findings of KOKAL et al. (1986). This possibility warrants further study. 
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It has been suggested that aneuploidy predicts local recurrence in rectal 
tumours (SCOTT et al. 1987 b), but this report did not heed the extent of 
radial spread or clearance at the deep excision margin. These factors would 
provide more direct guidance on the adequacy of surgical excision. 

In conclusion, DNA flow cytometry may have a small part to play in 
the assessment of surgical specimens of large bowel cancer. However, this 
would probably apply only to cases that could not otherwise be placed 
within excellent or poor prognostic categories. 

6 Conclusion 

Although there have been new and interesting insights into the biological 
nature of colorectal cancer, these have made little clinical impact so far. 
Cancerous and non-cancerous cells have been shown to differ in innumera
ble ways. However, most of these differences are qualitative and most are 
lacking in clinical significance. This will change in the next few years and 
it seems likely that colorectal malignancy will be understood to result from 
a small number of key somatic mutations. These exciting developments 
will not take place unless there is close liaison between clinician, diagnos
tic pathologist and experimentalist. It is essential that basic research is 
coupled to a standardised and meticulous system for recording clinical and 
pathological variables which are known to be of prognostic importance. 
New prognostic variables should not be studied in isolation. Their clinical 
value may be demonstrated by identifying an important and independent 
contribution in the presence of a sound and comprehensive set of 
pathological variables. 
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The term polyposis encompasses a heterogeneous group of gastrointestinal 
conditions which includes relatively well defined inherited syndromes, less 
well defined syndromes characterised by multiple polyps in the gut and 
acquired conditions such as inflammatory and lymphoid polyposis. There 
are three major inherited gastrointestinal polyposis syndromes which are, 
in order of prevalence, familial adenomatous polyposis (FAP, formerly 
called familial polyposis coli), Peutz-Jeghers polyposis (PJP) and juvenile 
polyposis (JP). It should be emphasised that, while the colon is the predo
minant site of involvement in FAP and JP, no part of the alimentary tract 
is immune from pathology in these syndromes: significant morbidity and 
mortality result from lesions both in the upper alimentary tract and outside 
the gut in all three conditions. 
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A similar mode of inheritance is shared by FAP, PJP and JP, all three 
conditions being inherited on an autosomal dominant basis. However, al
though JP is often familial, sporadic cases make up a large proportion. 
FAP is undoubtedly the commonest of the three syndromes, with an inci
dence rate of approximately 1 in 10 000. This rate is remarkably consistent 
throughout the Western world and Japan (BULOW 1986). It is less easy to 
assess accurately the incidence and prevalence of PJP and JP as they are 
clearly much rarer and, in the case of JP, less well defined both clinically 
and genetically. 

In this chapter it is intended to concentrate on recent advances in the 
inherited polyposis syndromes. In FAP recent molecular biological 
techniques which have localised the gene of FAP to chromosome 5 and 
have assessed the c10nality of FAP adenomas, methodologies which at
tempt to find abnormality in the 'normal' colorectal mucosa of FAP, and 
the extracolonic manifestations of FAP are discussed. In PJP and JP we 
have concentrated on the risk of gastrointestinal malignancy and on the 
extracolonic manifestations of the syndromes. Finally other rarer polyposis 
syndromes are briefly reviewed. Some of these may simulate the com
moner types of polyposis syndrome, particularly FAP, and unnecessary 
surgery may be performed if biopsies are not taken. 

2 Familial Adenomatous Polyposis 

2.1 Genetic and Clonality Studies 

A major recent finding in FAP is the localisation of the FAP gene to 
chromosome 5. The clue to this localisation was provided by a single case 
report describing a patient with multiple congenital abnormalities who 
developed colonic carcinoma (HERRERA et al. 1986). Subsequent examina
tion of the colon revealed FAP and cytogenetic studies showed deletion of 
part of chromosome 5. Molecular biological techniques using DNA probes 
closely linked to the region of chromosome 5 that contain the putative 
gene have clearly demonstrated that the gene was indeed on chromosome 
5 and that it was probably in the q 21-22 region (BODMER et al. 1987). 
Further studies are in progress to characterise the gene. DNA probes 
closely linked to the FAP gene are now being used at St. Mark's Hospital 
for the screening of FAP families and they show great potential for the 
genetic counselling of affected families. 

Further studies from the ICRF (SOLOMON et al. 1987) have shown that 
more than 20% of sporadic carcinomas of the colo rectum lose one of the 
alleles of chromosome 5 which are present in normal matched tissues. They 
have further suggested that loss of one normal allele giving rise to an ac
tive recessive gene may be a critical step for the progression of many 
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sporadic colorectal cancers. This recessivity is not seen in the preceding 
adenomas and it is suggested that the heterozygosity for the deficiency 
may give rise to localised growth abnormalities by a threshold effect which 
involves negative control over the production of growth factors. Thus the 
FAP gene product may fluctuate in the deficient heterozygote and focally 
there may be a reduction such that the gene product falls below a 
threshold (Fig. 1). When this occurs a localised area of growth abnormality 
(i.e. the adenoma) occurs. 

It is at present uncertain whether the adenoma in FAP arises as a result 
of clonal proliferation of epithelial cells. Hsu et al. (1983) studied three 
patients who were heterozygous for the enzyme glucose-6-phosphate dehy
drogenase (G6PD). All three patients' polyps displayed the AB 
phenotype, suggesting that the polyps were multiclonal in origin. How
ever, more recently, workers from the same group have demonstrated by 
use of DNA probes that adenomas in FAP are probably monoclonal 
(FEARON et al. 1987). They have suggested that their initial demonstration 
of polyclonality using G6PD assays was due to inclusion of stromal tissues 
in the analysed material which obscured the monoclonality of the 
adenomatous epithelium. 

2.2 The 'Normal' Colorectal Mucosa in FAP 

Presently the diagnosis of FAP in patients at risk depends on the demonst
ration of adenomatous polyps in the colon and rectum but these polyps 
are not usually present until late childhood or early adulthood (BUSSEY 
1975). There have been many attempts to improve the early identification 
of patients who have inherited the genotype of FAP. The localisation of 
the FAP gene to chromosome 5 (BODMER et al. 1987) and the use of 
probes to genes closely linked to this region will allow the early identifica
tion of patients but only in those families whose pedigree is informative. 
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The latter property depends not only on information gathering of the 
whole family but also on the distribution of the polymorphic genes which 
are being probed in order to detect the presence or absence of the abnor
mal gene for FAP. The detection of a phenotypic abnormality in the his
tologically normal colonic mucosa would be of use, not only in 'non-infor
mative' families but also to confirm the genetic analysis. 

Approaches that have been used in an attempt to demonstrate abnor
malities in the morphologically normal colonic mucosa of FAP patients 
have included proliferative activity as assessed by tritiated thymidine incor
poration, mucin histochemistry, biochemical assays for the proliferation
associated enzyme ornithine decarboxylase and immunohistochemical 
methods using monoclonal antibodies. 

2.2.1 Epithelial Proliferative Activity 

In the normal colonic mucosa, cell renewal takes place in the lower third 
of the crypt (COLE and McKALEN 1961). The work of several groups 
suggests that, in FAP, there is a shift of this proliferative compartment 
from the lower third of the crypt towards the surface (DESCHNER et al. 
1963; BLEIBERG et al. 1972; IWAMA et al. 1977; LIPKIN et al. 1984). The 
proliferative activity in these studies has been assessed by incubation of 
rectal mucosal biopsy specimens with tritiated thymidine followed by au
toradiography. In this way those cells undergoing DNA synthesis are vis
ualised. About 15% - 20% of cells in the proliferative compartment are en
gaged in DNA synthesis and the number of cells diminishes as the cells 
mature up the crypt (LIPKIN 1980). Once the surface epithelium is 
reached, DNA synthesis has ceased. In FAP a focal abnormality has been 
described in which DNA synthesis continues up the crypt and the surface 
epithelium may show proliferative abnormality. This change occurs in the 
normal appearing colonic epithelial cells before the mucosa develops the 
cytological features associated with adenoma. The abnormal activity has 
been observed in about 80% of random biopsy specimens (LIPKIN 1978). 
LIPKIN has suggested that abnormal proliferation is due to failure of rep
ression of DNA synthesis. These findings are in keeping with the postulates 
of BODMER et al. (1987), who have suggested that the FAP gene encodes 
for a growth inhibiting protein and that the level of this protein has to 
reach a certain low threshold before a focal abnormality (i.e. an adenoma) 
is produced. 

We have recently studied the morphologically normal mucosa of FAP 
patients using the monoclonal antibody Ki-67 (GERDES et al. 1983), which 
detects proliferating cells. We have been unable to demonstrate convinc
ingly differences between FAP patients and age/sex-matched controls 
(Fig. 2). These studies have used, as controls, colorectal mucosal samples 
from patients with idiopathic constipation and Crohn's disease and it may 
be that these are not entirely suitable controls. We are attempting further 
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Fig. 2a, b. A comparison of Ki-67 derived proliferative activity in the flat mucosa of age-, 
sex- and site-matched patients with idiopathic constipation (a) and FAP (b). Proliferative activ
ity, as determined by nuclear staining in epithelial cells, is restricted to the lower third of the 
crypts in both biopsies. Stromal staining is due to endogenous peroxidase in mononuclear 
cells. Ki-67 immunoperoxidase, x 200 

prospective studies using rectal mucosal biopsies taken from untreated 
FAP patients and age/sex-matched control patients with no evidence of 
gastrointestinal disease to corroborate our earlier findings. To date we have 
been unable to demonstrate any proliferative abnormality in the mucosa 
of FAP other than in micro-adenomas. We believe that further studies are 
necessary before proliferative studies can be used as a diagnostic test in 
FAP. 

2.2.2 Mucin Histochemistry 

Several investigators have reported abnormalities in the mucin his
tochemistry of the morphologically normal colonic mucosal goblet cells in 
FAP. FILIPE et al. (1980) have suggested that there is an increased sialomu
cin expression in the flat mucosa of FAP patients. It has also been 
suggested that the flat mucosa of the left colon of FAP patients shows in
creased expression of the lectin Ulex europaeus agglutinin 1 (UEA-l) 
(YONEzAwA et al. 1983) compared with the goblet cell mucin of normal 
left colonic mucosa (YONEZAWA et al. 1982). SUGIHARA and JASS (1987) 
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were, however, unable to confirm these findings and they found no differ
ence in UEA-l binding between patients with FAP and site-matched con
trols. They did note a pronounced regional difference in UEA-l binding in 
both FAP patients and controls. 

MUTO et al. (1985) have used the periodic acid thionin Schiff/potas
sium hydroxide:periodic acid-Schiff method which differentiates N-acetyl 
sialomucin and neutral mucins (a blue colour) from O-acetyl sialomucins 
(a red colour). In their study the flat mucosa of FAP patients produced a 
blue product with this stain in 83% of patients whereas only 36% of nor
mal controls showed this reaction. They have suggested that sialomucin 
properties of the flat mucosa in FAP are different from those of normal 
colon and that this simple histochemical technique may be of use in the 
early detection of at-risk patients (MUTO et al. 1987). However, SUGI
HARA and lASS (1987) were unable to confirm these findings in a much 
larger series of patients and suggested that the lack of specificity of the 
method for sialic acid combined with a failure to appreciate the existence 
of regional variation would account for the differential expression de
scribed by MUTO and his colleagues. Apart from a possible reduction in 
the expression of neutral sugars in the right colon of patients with FAP, 
SUGIHARA and lASS (1987) could find no mucin or lectin histochemical 
differences in the normal mucosa of FAP patients and matched controls. 
These results would suggest that mucin histochemistry has little part to 
play in the early detection of patients at risk of FAP. 

2.2.3 Ornithine Decarboxylase Activity 

Ornithine decarboxylase is the rate-limiting enzyme in the polyamine syn
thesis pathway. The enzyme is intimately involved in epithelial prolifera
tion (HEBY 1981). Biochemical analysis of mucosal biopsy specimens from 
patients with FAP has shown significantly higher levels of the enzyme in 
these patients compared with controls (LUK and BAYLIN 1984). It has been 
suggested that colonic mucosal ornithine decarboxylase may be a sensitive 
biological marker for FAP. However, there are problems: the level of orni
thine decarboxylase is unequivocally raised in both adenomas and car
cinomas of the colon (LAMURAGLIA et al. 1985) and the studies of LUK 
and BAYLIN do not conclusively rule out the possibility that small 
adenomas and micro-adenomas were present in the tissues that they used 
for their analysis. Further studies are required to test the sensitivity and 
specificity of mucosal ornithine decarboxylase in much younger patients at 
risk from FAP. The mucosa of these patients is less likely to be contami
nated by numerous adenomas and micro-adenomas. 
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2.2.4 Monoclonal Antibodies 

Two recent studies have suggested that monoclonal antibodies which recog
nise two very different antigens may be useful in the early identification of 
FAP patients. In a wide-ranging study using the antibodies AEI and AE3, 
which are directed against cytokeratin determinants, CHESA et al. (1986) 
studied five cases of FAP and noted that the epithelial cells showed uni
formly strong immunoreactivity with the monoclonal antibody AEI 
throughout the crypt. In the control tissues only the cells of the prolifera
tive compartment stained with the antibody. A similar immunoreactivity 
pattern was noted by HARA et al. (1987) using a monoclonal antibody to 
the carbohydrate stage-specific embryonic antigen 1 (SSEA-l). Following 
these reports, we stained mucosal biopsies from five FAP patients and five 
age-, sex- and site-matched controls with AEI and a monoclonal antibody 
directed against SSEA-l (SOLTER and KNOWLES 1978) but could find no 
differences between the FAP mucosal specimens and the controls (lASS 
and SHEPHERD 1988, unpublished observations). In conclusion, despite 
numerous descriptions of various functional differences between the mor
phologically normal mucosa of FAP patients and controls, critical study 
casts doubt on many of these reports and at present we have no clinically 
useful method, excepting the genetic analyses, of diagnosing the disease 
before adenomas are demonstrated by sigmoidoscopy. 

2.3 Extracolonic Manifestations of FAP 

Until GARDNER (1951) described the syndrome which now bears his name, 
FAP was thought to be an entirely colorectal condition. It is now realised 
that the disease is a multisystem disorder. Adenoma proneness extends 
throughout the gastrointestinal tract and the adenoma-carcinoma sequence 
that is so readily observed in the colon in FAP can also occur in the re
maining gastrointestinal tract. There is also a propensity to skin, soft tissue 
and bony lesions in FAP, some of which are included under the term Gard
ner's syndrome. 

GARDNER (1951) originally described a patient group in whom FAP 
coexisted with osteomas of the skull and jaw and numerous epidermal 
cysts of the skin. On subsequent review of the kindred, further dental ab
normalities were identified and osteomas were also found throughout the 
entire skeleton (GARDNER and RICHARDS 1953; GARDNER 1962). There is 
now much debate as to whether Gardner's syndrome and classical FAP are 
different conditions or merely differing expressions of the same genetic de
fect. Many have regarded any extracolonic disease associated with FAP as 
a manifestation of Gardner's syndrome. However, it has been shown that 
more than 90% of FAP patients have occult osteomas of the jaw, one of 
the cardinal signs of Gardner's syndrome (UTSUNOMIYA and NAKAMURA 
1975). Also there are kindreds with Gardner's syndrome in which some of 
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the patients do not have extracolonic manifestations of FAP and further 
families with classical FAP are known in whom some members show fea
tures of Gardner's syndrome. Many would now regard FAP and Gardner's 
syndrome to be differing manifestations of the same genetic abnormality 
rather than the expression of two abnormal genes at different loci and 
doubt whether the term Gardner's syndrome should continue to be used. 

Many of the extracolonic conditions present in FAP, such as epidermal 
cysts and bony osteomas, are trivial and do not cause significant morbidity. 
Similarly congenital hypertrophy of the retinal pigment epithelium has 
been associated with FAP (BLAINE and TREMPE 1980; LLOPIS and 
MENEZO 1987). This is probably not of clinical importance but may be of 
significance as a diagnostic sign of FAP. Nevertheless there are ex
tracolonic conditions which are clinically more important and may give rise 
to significant morbidity and mortality. 

2.3.1 Desmoid Disease 

The association of desmoid tumours and FAP was first described by MIL
LER and SWEET (1937). Between 5% and 10% of patients with FAP have 
clinically significant desmoid disease (SMITH 1959; BUSSEY 1975; KLEMMER 

20 
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5 

Fig. 3. A mesenteric desmoid 
tumour in a 32-year-old female 
FAP patient who presented with 
small bowel obstruction. The 
tumour has involved loops of 
small bowel and there is a large 
area of intratumoral haemorrhage 
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Fig. 4. Histology of the desmoid shown in Fig. 3. There are numerous fibroblasts in a myxoid 
stroma with relatively little collagen. Note the widely ectatic blood vessels which account for 
the high rate of peri-operative haemorrhage. HE. x 100 

et al. 1987). The tumour occurs in young patients and in particular women 
are affected, a ratio of 3: 1 being recorded by the Cleveland Clinic Group 
(JONES et al. 1986). Most tumours present after previous surgery, the onset 
usually being 1-2 years after colectomy. Although fibromatoses may be 
found in musculo-aponeurotic sites outside the abdomen in FAP patients, 
the clinically important desmoids are most commonly found within the ab
domen, especially in the retroperitoneum and mesentery (Fig. 3). The 
tumours may occur in the scar on the anterior abdominal wall. Clinical 
presentation is with a mass and/or small intestinal obstruction (Fig. 3). 
Unlike extra-abdominal fibromatosis, desmoids associated with FAP may 
show rapid growth, particularly after surgery, and are a cause of significant 
mortality in FAP patients (HERRERA-ORNELAS et al. 1987). 

Histologically desmoids associated with FAP are indistinguishable from 
fibromatosis elsewhere (ENZINGER and WEISS 1983). However, the his
tological appearances are variable and there is a tendency for FAP des
moids to be more cellular with a myxoid stroma and numerous small blood 
vessels (Fig. 4). The blood vessels that characterise desmoid tumours are 
of capillary size but lack a well-defined wall, the pericytes appearing to 
merge with the tumour cells. The vessels are often widely ectatic and this 
presumably accounts for the haemorrhage that may occur during surgery 
and may be life threatening. Stromal haemorrhage is often a prominent 
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feature on both macroscopic examination and histological study of intra
abdominal desmoid tumours (Fig. 3). 

The treatment of desmoids has been predominantly surgical although 
many surgeons with a wide experience of FAP are very reluctant to under
take surgery for asymptomatic desmoids even in the presence of a large 
mass because of problems associated with haemorrhage and rapid re
growth after surgery. Radiotherapy has in the past been attempted but 
fibromatoses are relatively. insensitive to radiotherapy and doses in excess 
of 5000 rads are likely to be required: such doses are likely to cause signi
ficant radiation entetitis. Successful outcome has been reported with 
chemotherapy (HUTCHINSON et al. 1979) but generally results with 
chemotherapy have been disappointing. Some response to non-steroidal 
anti-inflammatory agents, particularly indomethacin and sulindac, has oc
curred in isolated cases (WADDELL and GERNER 1980; BELLIVEAU and 
GRAHAM 1984; PROCTER et al. 1987; KLEIN et al. 1987). It has been 
suggested that prostaglandin inhibition produced by these agents causes T 
cell and killer cell induction and hence tumour regression (BELLIVEAU and 
GRAHAM 1984). Alternatively these agents may act by blocking ornithine 
decarboxylase activity, thus reducing cell proliferation (WADDELL et al. 
1983). 

Desmoid tumours as a whole, and in particular in FAP, are more com
mon in women and are known to enlarge during pregnancy (McADAM and 
GOLIGHER 1970) and after taking oral contraceptives (JONES et al. 1986). 
Therefore it has been intimated that these tumours are under hormonal 
influence, in particular by oestrogens. Oestrogen receptor activity has 
been demonstrated in some desmoid tumours (REITAMO et al. 1986) al
though more recently we have been unable to demonstrate oestrogen or 
progesterone receptors by biochemical assay in seven intra-abdominal des
moids in patients with FAP (SHEPHERD and PUDDEFOOT 1987, unpublished 
observations). Nevertheless response to anti-oestrogen compounds such as 
tamoxifen has been described in FAP-associated desmoids (WADDELL 
et al. 1983; KINZBRUNNER et al. 1983) and in multicentric desmoid 
tumours (PROCTER et al. 1987). Whatever the mechanism of action of non
steroidal anti-inflammatory agents and tamoxifen, the reports of response 
are encouraging and worthy of a full prospective multicentre trial. 

2.3.2 Upper Gastrointestinal Tract Neoplasia 

Duodenal lesions in FAP patients were considered very unusual until 
recently. HOFFMANN and GOLIGHER (1971) reviewed the world literature 
and could only find ten cases of FAP associated with duodenal polyps. The 
precise frequency of neoplastic change in the duodenum in patients with 
FAP is to this day uncertain but there are now reports which indicate that 
about 50% of FAP patients will have duodenal adenomas (BULOW 1986; 
JARVINEN and SIPPONEN 1986) whilst about 30% of patients were found to 
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Fig. 5. Whipple's operation specimen from an FA? patient (gastric antrum above and 
duodenum below). A largc protuberant carcinoma is present at the ampulla. There is an 
adenomatous polyp adjacent to the carcinoma. The gastric antral polyps are non-neoplastic 
hyperplastic polyps 

have duodenal adenomas on a single endoscopic screen (KURTZ et al. 
1987; SARRE et al. 1987). Many FAP patients with endoscopically normal 
duodenum have adenomas on histological examination of random peri
ampullary biopsies (ALEXANDER et al. 1987; SPIGELMAN et al. 1988). The 
increased neoplastic potential in this area is not confined to the duodenal 
mucosa. There are reports of adenomatosis and carcinoma arising in the 
extrahepatic bile ducts, the gall-bladder and the pancreatic ducts in FAP 

patients (LEES and HERMAN 1981; JARVINEN et al. 1983; KOMOROWSKI 

et al. 1986). 
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The high prevalence of duodenal adenomas in FAP patients is in keep
ing with the now numerous reports of duodenal carcinoma complicating 
FAP (JONES and NANCE 1977; BULOW 1987). These tumours are predomi
nantly peri-ampullary (Fig. 5), often advanced at presentation and there
fore associated with a poor prognosis. Peri-ampullary carcinoma is pro
bably the second most common cause of death in FAP patients after col
orectal cancer (JAGELMAN 1987). SUGIHARA et al. (1982) found that 
duodenal carcinomas occur at a mean age of 45 and that 40% were as
sociated with synchronous adenomas. The risk of carcinoma arising in the 
duodenum of FAP patients appears to be sufficiently high to warrant 
prophylactic screening by upper gastrointestinal endoscopy. Studies are 
now under way in many countries in order to determine the exact fre
quency of duodenal neoplasia and malignancy to enable routine surveil
lance programmes to be formulated. 

The assessment of the frequency of neoplastic change in the stomach 
is difficult because many of the polyps in the stomach of FAP patients are 
fundic gland cysts (WATANABE et al. 1978). These lesions, which are consi
dered to be hamartomas, have little or no added malignant potential. 
Adenomas of the stomach, a particularly unusual lesion in Western popula
tions, have been described in 4% -13% of patients (BULOW 1987). Most 
of the reports associating gastric carcinoma with FAP originate from 
Japan, a country with a high incidence of sporadic gastric carcinoma, and 
the incidence of gastric carcinoma in Western FAP patients appears to be 
very low (DESIGAN et al. 1986; KURTZ et al. 1987). 

Adenomas are not infrequently seen in the mucosa of the terminal 
ileum at the time of total colectomy for FAP and cases have been reported 
in which adenomas are found in the ileum by intra-operative endoscopy 
(OHSATO et al. 1977) and after colectomy (HAMILTON et al. 197Q). Ross 
and MARA (1974) described the occurrence of jejunal and ileal adenocarci
noma in two patients but the risk of malignant change in the jejunum and 
ileum appears to be minimal. Recently total proctocolectomy, ileal reser
voir and ileo-anal anastomosis has been proposed as an effective operation 
for FAP. However, both in ileo-anal ileal reservoirs and in continent ileos
tomy reservoirs, a form of colonic metaplasia appears to take place (PHIL
LIPS 1985; SHEPHERD et al. 1987 a) and it may be that the creation of an 
ileal reservoir which subsequently undergoes a form of colonic metaplasia 
provides an environment in which adenomas and possibly carcinomas may 
arise. Adenomas have been noted both in FAP patients with continent 
ileostomy reservoirs and in those with ileo-anal ileal reservoirs (BEART 
et al. 1982; SHEPHERD et al. 1987 a; STRYKER et al. 1987). 

2.3.3 Extra-gastrointestinal Neoplasia 

Associations have been reported between FAP and several extra-gastroin
testinal tumours. Perhaps the strongest association is with papillary car-
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cinoma of the thyroid gland. PLAIL et al. (1987) reviewed the St. Mark's 
Hospital Polyposis Register and found seven women with a history of 
thyroid carcinoma out of a total of 465. There were no cases of thyroid 
carcinoma amongst males. These authors suggested that the risk of women 
with FAP under the age of 35 developing thyroid cancer was increased 160-
fold and that all patients with FAP should have regular thyroid examina
tions. There is strong evidence that there is also an increased incidence of 
childhood hepatoblastoma in FAP families (KINGSTON et al. 1983; LI et al. 
1987). There is a suggestion of an increased incidence of non-thyroid en
docrine tumours in FAP. These include multiple endocrine adenomatosis 
type II b, pituitary adenomas, islet cell tumours and tumours of the ad
renal cortex (NAYLOR and GARDNER 1981; SCHNEIDER et al. 1983; 
PAINTER and lAGELMAN 1985; PERKINS et al. 1985). 

The association between polyposis coli and malignant tumours of the 
central nervous system has been termed Turcot's syndrome. TURCOT and 
his colleagues (1959) described two siblings in whom multiple colonic 
polyps were associated with astrocytoma and medulloblastoma. There are 
controversies about the syndrome, particularly its suggested autosomal 
recessive inheritance (ROTHMAN et al. 1975; ITOH et al. 1979; LEWIS et al. 
1983) and the fact that the adenomas in the colon are relatively few in 
number compared with classical FAP (BAUGHMAN et al. 1969). Therefore, 
like Gardner's syndrome, the separate identity and specificity of Turcot's 
syndrome is still in doubt. 

3 Pentz-J eghers Polyposis 

The association of gastrointestinal polyposis and mucocutaneous pigmenta
tion was first described from Holland by PEUTZ (1921). lEGHERS et al. 
(1949) reviewed the features of ten patients, producing what is now re
garded as a classic description of the syndrome. Peutz-leghers polyposis 
(P1P) shows an autosomal dominant inheritance. The polyps are found 
throughout the gastrointestinal tract but are most prevalent in the small 
intestine (MORSON 1962). Polyps have been described in the urinary tract 
as part of the syndrome (SOMMERHAUG and MASON 1970), although in 
some cases these polyps are not hamartomatous but merely oedematous 
mucosal folds (HAGGITT and REID 1986). It is doubtful, therefore, whether 
true hamartomatous polyps occur in the urinary tract as part of the Peutz
Jeghers syndrome. 

Although Peutz-Jeghers polyps are classified as hamartomas, they 
show a very orderly architecture. The core of the polyp is composed of 
tree-like branching bundles of smooth muscle covered by mucosa of the 
type native to that part of the bowel in which the polyp arises. The mucosa 
of the polyp, which appears morphologically normal, contains all 
specialised cells present in that part of the gastrointestinal tract. Peutz-
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Fig. 6. Epithelial misplacement in the jejunal Peutz-leghers polyp in an 18-year-old female. 
The presence of glandular epithelium and mucinous cysts within the muscularis propria and 
serosa mimics invasive carcinoma. Normal small intestinal mucosa is present at righl. HE. 
x 25 

Jeghers polyps are especially prone to intussusception, particularly in the 
small intestine, and may also cause bowel obstruction. It is these mecha
nisms which probably account for the epithelial misplacement that may be 
seen in small intestinal polyps. In a review of 40 patients with PJP, it was 
shown that epithelial misplacement is a not uncommon accompaniment of 
small intestinal PJP, occurring in approximately 10% of polyps (SHEPHERD 
et al. 1987 b). It is important to recognise this complication of PJP, which 
has previously been referred to as enteritis cystica profunda (KYRIAKOS 
and CONDON 1978), as the epithelial misplacement, which may extend into 
the muscularis propria and into serosal tissues, closely mimics invasive car
cinoma (Fig. 6). This epithelial misplacement has resulted in an appreci
able number of cases, especially in the early literature, being misdiagnosed 
as invasive malignancy. 

3.1 Risk of Gastrointestinal Malignancy 

There is still controversy about the magnitude of risk of gastrointestinal 
malignancy in PJP. Reviews of the early literature give incidences of gas
trointestinal malignancy which vary from 0% (BARTHOLOMEwet al. 1957; 
DORMANDY 1957) to 24% (BAILEY 1957). DOZOIS et al. (1969) reviewed 
the world literature but could only find 11 cases of bona fide malignancy 
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Table 1. Frequency of gastrointestinal (GI) cancer in P1P 

Series Patients with P1P Patients with GI carcinoma 

DOZOIS et al. (1969) 326 11 

UTSUNOMIY A et al. (1975) 102 13 

LINOS et al. (1981) 48 

GIARDIELLO et al. (1987) 31 4 

St. Mark's Hospital P1P 
patients (unpublished data) 28 3 

535 32 

in Peutz-Jeghers polyps whilst UTSUNOMIYA et aL (1975) found a 13% inci
dence of gastrointestinal carcinoma in a review of 102 patients with PJP. 
REID (1974) reviewed the world literature and concluded that the esti
mated lifetime risk of gastrointestinal carcinoma in PJP was 2% and that 
gastric and duodenal malignancies were most common. In Japan, the col
orectum appears to be the site with the highest incidence of carcinoma in 
PJP (UTSUNOMIYA et aL 1975; KONISHI et aL 1987) although in this coun
try some of these cases (KONISHI et al. 1987; NARITA et al. 1987) would 
be diagnosed as severe dysplasia in view of the apparent absence of inva
sion across the muscularis mucosae, Differences in histological interpreta
tion of what is clearly a rare finding only add to the difficulties in assessing 
the risk of malignancy in PJP. 

In the Mayo Clinic series of 48 PJP patients observed in a 45-year 
period, only one patient has developed gastrointestinal carcinoma (LIN OS 
et al. 1981). There are 68 PJP patients registered at SL Mark's Hospital 
and of these, 28 have been seen at the hospital. Of these 28 patients, three 
men, aged 38, 39 ad 34, have died of adenocarcinoma of the stomach, 
caecum and pancreas respectively. In the cases of gastric and caecal car
cinoma it could not be convincingly demonstrated that the carcinomas ac
tually arose in Peutz-Jeghers polyps. Recently we have reviewed the histol
ogy of all Peutz-Jeghers polyps held in the SL Mark's Polyposis Registry 
(SHEPHERD et al. 1987 b) and the absence of epithelial dysplasia in any of 
the 491 polyps examined suggests that neoplastic change in Peutz-Jeghers 
polyps is a very rare occurrence. Nevertheless there are at least 40 convinc
ing case reports of gastrointestinal cancer in PJP. Most of these cancers 
have arisen in the stomach and upper small bowel. Table 1 documents the 
frequency of gastrointestinal cancer in five of the largest series of PJP. It 
should be emphasised that many of these cancers have arisen in patients 
under the age of 40. From the data available, we conclude that, whilst PJP 
is generally considered to be a relatively benign condition, there is a small 
but definite increased propensity to gastrointestinal carcinoma in the syn
drome. We would, however, agree with the conclusion of LINOS et al. 
(1981) that surgical conservatism should be practiced in the management 
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of PJP due to the small risk of malignancy and the high risk of complica
tions of radical surgery. 

3.2 Extra-gastrointestinal Neoplasia 

Extra-gastrointestinal associations are being increasingly recognised in PJP, 
as they are in FAP and juvenile polyposis. The association between PJP 
and an unusual ovarian tumour, 'sex cord tumour with annular tubules' 
(SCTAT) was first described by SCULLY (1970). The tumour is thought to 
arise from granulosa cells but has a morphological pattern more like that 
of Sertoli cells. The tumour may have oestrogenic effects, leading to en
dometrial hyperplasia. It is probable that most female patients with PJP 
have small SCTAT tumours if the ovaries are diligently examined. There 
appears to be an association between PJP, SCTAT and low grade adenocar
cinoma of the endocervix, so-called adenoma malignum (YOUNG et al. 
1982). More recently YOUNG et al. (1983) have described a functioning 
ovarian sex cord tumour which is apparently unique to PJP. 

The increased frequency of extra-gastrointestinal malignancy has been 
highlighted by GIARDIELLO et al. (1987). In their series of 31 patients, 15 
patients developed malignant tumours, only four of which arose in the gas
trointestinal tract. The majority of these tumours were adenocarcinomas, 
four in the pancreas and two in the breast. An apparently increased inci
dence of breast cancer in female PJP patients is manifest in reports describ
ing the association of pjp with bilateral breast cancer (RILEY and SWIIT 
1980; TRAU et al. 1982; LEHUR et al. 1984). The four patients with pan
creatic carcinoma in the johns Hopkins series of 31 patients represent a 
lOO-fold increase in the disease over that expected in a normal population. 
One patient in the St. Mark's Hospital Registry died of pancreatic car
cinoma at the age of 34 and a 19-year-old patient with pjp and pancreatic 
carcinoma has been described (BOWLBY 1986). Although many types of 
tumour have been associated with PJP, there does seem to be a markedly 
increased incidence of certain tumours in the syndrome and these undoubt
edly include ovarian tumours, breast cancer and pancreatic cancer. 

4 Juvenile Polyposis 

The third of the triumvirate of hereditary polyposis syndromes, juvenile 
polyposis (JP), was not fully defined until 1964 (MCCOLL et al. 1964), 
although several groups had previously described polyposis syndromes in 
children which, although originally called adenomatous polyposis, in retro
spect probably represented jp (KERR 1948; GORDON et al. 1957; HINES 
et al. 1959). The confusion that abounds in the literature regarding JP is 
hardly surprising considering the difficulties in defining the disease, its 
rarity and the plethora of clinical presentations. 
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Fig. 7. Colectomy specimen from a 17-year-old boy with JP. Note the relative paucity of polyps 
compared with FAP and the large, papillary 'atypical' juvenile polyps 

The sporadic juvenile polyp is a relatively common polyp amongst chil
dren and adolescents and occasionally occurs in adults. In countries where 
adenomas are rare, the juvenile polyp is one of the commoner clinically 
significant polyps. It usually presents with bleeding per rectum and there 
is no family history. Sporadic juvenile polyps may be multiple; up to five 
juvenile polyps in the rectum is not an unusual finding. Dysplasia is ex
tremely uncommon in isolated juvenile polyps. There is only a single re
port of dysplasia in a sporadic juvenile polyp (FRIEDMAN and FECHNER 
1982) and only two cases of carcinoma arising in solitary juvenile polyps 
(LJu et al. 1978; lONES et al. 1987). Clearly the risk of dysplasia and car
cinoma in isolated juvenile polyps is very low indeed. 

Whereas FAP and PlP are now well-defined syndromes, lP is less 
clearly defined. A working definition of the syndrome should include one 
of the following (a) more than ten juvenile polyps, (b) juvenile polyps 
throughout the gastrointestinal tract , or ( c) any number of juvenile polyps 
with family history of lP (SACHATELLO et al. 1974). Patients who meet 
these requirements fall into three major clinical groups: 

1. lP of infancy 
2. Generalised lP (throughout the gastrointestinal tract) with or without 

a family history 
3. lP of the colon (juvenile polyposis coli) with or without a family histo

ry (Fig. 7). 

Data from the St. Mark's Polyposis Registry indicate that juvenile 
polyposis coli is much commoner than generalised lP. The sporadic form 
of generalised lP is commoner than the familial form. Congenital defects 
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are more likely to occur in sporadic IP and approximately 20% of these 
patients will show such congenital abnormalities as malrotation of the 
bowel, Meckel's diverticulum, mesenteric lymphangioma, congenital heart 
disease, hypertelorism and hydrocephalus (VEALE et al. 1966; BUSSEY 
1975). Familial IP appears to be an autosomal dominant condition; this is 
suggested by its occurrence in three generations (SMILowet al. 1966). IP 
of infancy has a very poor prognosis. Infants present with bleeding, diar
rhoea, rectal prolapse, malnutrition, dehydration and large numbers of 
typical juvenile polyps in the colon. Death usually occurs at an early age 
(SACHATELLO et al. 1974). Such cases of infantile IP are very rare. Non
infantile cases of IP usually present with rectal bleeding or the symptoms 
and signs of anaemia. 

4.1 Risk of Gastrointestinal Malignancy 

The magnitude of risk of malignant change in IP is at present uncertain. 
The condition is undoubtedly rare and currently there are only seven re
ported cases of unequivocal colorectal carcinoma in association with his
tologically confirmed IP (Table 2). STEMPER et al. (1975) reported a large 
kindred in which ten patients had single or multiple juvenile polyps and 11 
had carcinoma of the gastrointestinal tract. Of the patients with colorectal 
cancer, only one had definite IP. The rarity of reported cases of gastrointes
tinal malignancy arising in IP led authors to conclude that regular follow
up of patients with IP is probably not warranted because the risk of malig
nancy appears to be low, carcinoma in IP families is (allegedly) more com
mon in those family members who do not have juvenile polyps and car
cinoma in patients with IP can arise anywhere in the gastrointestinal tract 
and not necessarily within juvenile polyps themselves. 

Table 2. Reports of concurrent colorectal carcinoma and JP 

Reference Age" No of polyps Dysplasia FH of juvenile FH ofGIT 
of colorcctum polyps cancer 

59 15 ') Yes No 
2 30 ? Yes Yes Yes 
3 40 Many Yes No No 
4 23 Numerous Yes No No 
5 25 Multiple Yes No Yes 
6 58 Numerous Yes Yes No 
7 49 3 + gastric Yes Yes Yes 

" Age at diagnosis of carcinoma; FH, family history; GIT, gastrointestinal tract. 
References: 1, SMILOW et a1. 1966; 2, STEMPER et a1. 1975; 3, RESTREPO et a1. 
1978; 4. GOODMAN et a1. 1979; 5, GRIGIONI et a1. 1981; 6, ROZEN and BARATZ 
1982; 7. JARVINEN and FRANSSILA 1984. 
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Table 3. A classification of polyps in the SI. Mark's series of lP patients 
(lASS et al. 1987) 

Dysplasia 

None Mild Moderate Severe Total 

Typical juvenile 
Atypical juvenile 
Adcnomas 
Metaplastic polyps 

758 
90 

70 
50 

6 
25 

o 
3 

a One atypical polyp contained a focus of carcinoma. 
b One adenoma contained a focus of carcinoma. 

834 
168" 

21b 
2 

1025 
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There are now grounds for questioning this assessment of the risk of 
malignant change. The St. Mark's Polyposis Registry holds records of 87 
JP patients, ascertained through 64 index cases. Seventeen patients have 
developed colorectal cancer. Seven of the index patients had colorectal 
cancer at the time of referral but two of these cancers were only disco
vered at histological examination at St. Mark's Hospital. Consequently five 
patients have been removed from the analysis to avoid bias. In the remain
ing patients, the incidence of carcinoma is 14.6%. The median age of 
patients with cancer was 32 years (range 16-58) and the majority of these 
cancers occurred in patients under the age of 35. Although this is a small 
series of a rare disease and there is inevitably some bias towards recording 
of JP patients with colorectal cancer, there is little doubt that these data 
represent a greatly increased risk of colorectal cancer in JP, especially con
sidering the young age of the patients concerned (JASS et al. 1988). The 
increased risk clearly justifies clinical surveillance of affected individuals 
and their families by regular endoscopy and prophylactic removal of 
polyps. 

The intimation that carcinoma in JP patients can arise anywhere in the 
gastrointestinal tract and not necessarily within juvenile polyps can be 
countered by the increasing evidence to suggest that cancer does indeed 
arise within juvenile polyps. Dysplasia has been described in two forms in 
patients with JP. It may occur within juvenile polyps, producing so-called 
mixed polyps (HAGGITT and PITCOCK 1970; STEMPER et al. 1975; RE
STREPO et al. 1978; GOODMAN et al. 1979; GRIGIONI et al. 1981; JARVINEN 
and FRANSSILA 1984). Secondly, dysplasia may be seen in an adenoma 
which shows no residual features of the juvenile polyp (RESTREPO et al. 
1978; RABIN et al. 1979). It is uncertain whether such adenomas arise de 
novo or through neoplastic change within pre-existing juvenile polyps. The 
absence of small adenomas in these cases argues against a de novo origin 
(GOODMAN et al. 1979). 
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Fig. 8. A polyp from a 16-year-old boy with JP. The papillary configuration and the relative 
paucity of lamina propria and cystic crypts are characteristic of 'atypical juvenile polyps'. In 
addition there is focal invasive adenocarcinoma (arrowed). HE, x 10 

Examination of the large series of multiple juvenile polyps at St. 
Mark's Hospital supports the suggestion that dysplasia arises in juvenile 
polyps (Table 3; lASS et al. 1987). This study has shown that dysplasia is 
more likely to occur in a subtype of juvenile polyp that is defined by cer
tain morphological features. Two types of juvenile polyp are recognised. 
One type is the classical juvenile polyp with its well-known histological fea
tures. The second type of polyp is usually multilobated, lacks surface ulcer-
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ation and often shows a papillary configuration (Figs. 7, 8). These polyps 
lack the abundant lamina propria that is so characteristic of classical 
juvenile polyps. They have been called atypical juvenile polyps. The de
monstration of various grades of dysplasia and a focus of carcinoma 
(Fig. 8) within the St. Mark's series of juvenile polyps provides indirect 
but important evidence for the origin of carcinoma within the juvenile 
polyp itself (Table 3; JASS et a1. 1987). 

In conclusion, there is an undoubted increased risk of gastrointestinal 
cancer, particularly colorectal cancer, in JP. The demonstration of all 
grades of dysplasia within a series of JP polyps suggests that cancer pro
bably arises within the polyp itself. Further research is required from other 
centres to corroborate these findings in an attempt to define adequate 
surveillance programmes and management of affected families and indi
viduals. 

5 Other Polyposis Syndromes 

5.1 Inflammatory and Lymphoid Polyposis 

Inflammatory polyposis is the commonest form of polyposis to affect the 
colon and rectum. It is usually the sequel of inflammatory bowel disease, 
particularly ulcerative colitis, but is also seen in Crohn's disease, diverticu
lar disease, schistosomiasis and amoebiasis. Because of the association 
with inflammatory bowel disease, it is unlikely to be confused with other 
forms of polyposis. Lymphoid polyposis, on the other hand, clinically 
simulates the polyposis syndromes, especially FAP. Multiple lymphoid 
polyps, which histologically are hyperplastic lymphoid follicles, may mimic 
small adenomas of FAP and are especially common in the defunctioned 
rectum (Fig. 9). Benign lymphoid polyposis is rare arid characteristically 
occurs in children, probably the result of viral infection. It is also seen in 
the immunodeficient (SHAW and HENNIGAR 1974). 

Malignant lymphomatous polyposis (MLP) (see p. 157), which has also 
been given the tautologous title of multiple lymphomatous polyposis, is a 
primary gastrointestinal malignant lymphoma of diffuse centrocytic type 
(BLACKSHAW 1980; ISAACSON et a1. 1984). Although any part of the bowel 
may be affected in MLP, the colon and rectum are most usually involved 
and a recent review suggests that MLP is a relatively common subtype of 
primary malignant lymphoma of the colon and rectum, comprising one
quarter of the 45 cases (SHEPHERD et a1. 1988). Clinically MLP may 
closely mimic FAP although it is most often a disease of the middle-aged 
and elderly. 
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5.2 Metaplastic Polyposis 
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Fig. 9. The defunctioned rectum of 
a 33-year-old female patient with 
FAP. The polyps. which could easily 
be mistaken for adenomas. are in 
fact lymphoid polyps 

Metaplastic polyps are the commonest polyps of the colorectum in the el
derly and are usually multiple. However, cases of metaplastic polyposis 
have been described in younger, predominantly male, patients (WILLIAMS 
et al. 1980; BENGOECHEA et al. 1987). In these cases typical though rela
tively large metaplastic polyps, mostly in excess of 50 in number, have 
been present and in the case of BENGOECHEA et al. (1987) were associated 
with a carcinoma at the age of 28. In the records of the Pathology depart
ment of St. Mark's Hospital are several cases of adenocarcinoma of the 
colon and rectum associated with multiple metaplastic polyps (at least 50) 
in young and middle-aged adults. Although it may be that the metaplastic 
polyps are a secondary or independent phenomenon, it is possible that 
there is a syndrome of metaplastic polyposis which is associated with an 
increased risk of colorectal malignancy. Further research into metaplastic 
polyposis is warranted. 

5.3 Other Rare Polyposis Syndromes 

Cowden's disease is an inherited syndrome in which multiple hamartomas 
of the skin are associated with polyps of the gastrointestinal tract. The 
polyps, which are probably only present in about 35% of cases (SALEM 
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Fig. 10. The sigmoid colon of a 
35-year-old male patient with 
inflammatory cap polyposis. 
The polyps are particularly lo
cated on the mucosal folds. best 
seen at the top. and appear dark 
and granular 

and STECK 1983), are varied histologically and have features of juvenile 
polyps, lymphoid polyps, inflammatory polyps and ganglioneuromas 
(HAGGITT and REID 1986). There does not appear to be any increased risk 
of gastrointestinal malignancy although patients with the syndrome have 
very high rates of breast and thyroid carcinoma (SALEM and STECK 1983). 
In the Ruvalcaba-Myhre-Smith (RMS) syndrome, first described in 1980 
(RUVALCABA et al. 1980), ileal and colonic polyps are associated with se
vere mental deficiency, macro-encephaly and penile pigmentary lesions. 
The polyps appear to be histologically similar to juvenile polyps (HAGGITT 
and REID 1986). As extra-gastrointestinal congenital abnormalities are 
common in sporadic JP, it is probable that the RMS syndrome is a variant 
ofJP. 

Inflammatory 'cap' polyposis is a rare syndrome which affects the sig
moid colon and rectum of adults who present with rectal bleeding and 
mucous diarrhoea (WILLIAMS et al. 1985). The polyps are red, granular 
and sessile and concentrate on the apices of the mucosal folds (Fig. 10). 
Histologically there is elongation and dilatation of the crypt epithelium 
with fibromuscular obliteration of the lamina propria and a cap of inflam
matory granulation tissue covering the luminal surface. The histological 
features are similar to those of the solitary ulcer (mucosal prolapse) syn
drome; mucosal prolapse is probably a major aetiological factor. Other 
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conditions such as multiple lipomas (YATIO 1982), multiple 

ganglioneuromas (CARNEY et al. 1976), multiple inflammatory fibroid 

polyps (ANTHONY et al. 1984), pneumatosis coli (PIETERSE et al. 1985) 
and the Cronkhite-Canada syndrome (DANIEL et al. 1982) may present 

clinically as polyposis. Only in the Cronkhite-Canada syndrome is there a 

suggestion of an increased risk of gastrointestinal malignancy (DANIEL 

et al. 1982) 
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varioliform gastritis 14 
vasculitis 230, 240 

vasopressin 242 
venulitis 241 
verrucous squamous carcinoma 94 
Vibrio cholerae 107. 121 
villous adenoma 77, 78, 79, 80, 86, 89 
Vincent's organisms 247 
vulvar intra-epithelial neoplasia (VIN) 91 

"watermelon stomach" 25 
watery diarrhoea 121 

Zuelzer-Wilson's disease 263, 271 
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