Current Topics in Pathology

Continuation of Ergebnisse der Pathologie

03

Editors
E. Grundmann - W.H. Kirsten

Advisory Board

H.-W. Altmann, K. Benirschke, A. Bohle, H. Cottier,
M. Edet, P. Gedigk, Chr. Hedinger, S. Tijima,
J. L. Van Lancker, K. Lennert, H. Meessen, B. Morson,
W. Sandritter, G. Seifert, S. Sell, H. C. Stoerk,
T. Takeuchi, H. U. Zollinger



Pathology of the
Gastro -Intestinal Tract

Contributors

A. C. Branfoot, I. M. P. Dawson, K. Elster
H. T. Enterline, M. L Filipe, D. M. Goldenberg, Aa. Johansen
R. H. Riddell, J. M. Skinner, H. Thompson
R. Whitehead

Editor
B. C. Morson

With 155 Figures

Springer-Verlag Berlin - Heidelberg - New York 1976



E. Grundmann, Professor Dr., Pathologisches Institut der Universitit, Westring 17,
D-4400 Miinster/Westf., Germany

W.H. Kirsten, Professor Dr., Department of Pathology, The University of Chicago,
950 East 59th Street, Chicago, IL 60637, USA

B.C. Morson, Professor Dr., Pathology Department, St. Mark’s Hospital, City Road,
London, ECIV 2PS, Great Britain

ISBN-13:978-3-642-66483-0 e-ISBN-13:978-3-642-66481-6
DOI: 10.1007/978-3-642-66481-6

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically those of translation, reprinting, re-use of illustrations, broadcasting, reproduction
by photocopying machine or similar means, and storage in data banks.

Under § 54 of the German Copyright Law where copies are made for other than private use, a fee is
payable to the publisher, the amount of the fee to be determined by agreement with the publisher.

©by Springer-Verlag Berlin—Heidelberg 1976.

Softcover reprint of the hardcover Ist edition 1976

Library of Congress Catalog Card Number 56-49162.
The use of registered names, trademarks, etc. in this publication does not imply, even in the absence

of a specific statement, that such names are exempt from the relevant protective laws and regulations
and therefore free for general use.



Contents

Johansen, Aa.
Thompson, H.
Elster, K.
Enterline, H.T.
Filipe, M.1.
Branfoot, A.C.
Riddell, R.H.

Dawson, LM.P.

Skinner, J M.
Whitehead, R.

Goldenberg, D.M.

Subject Index

Early Gastric Cancer. With 19 Figures . ............
Pathology of Coeliac Disease. With 17 Figures .......

Histologic Classification of Gastric Polyps.
With ISFigures . ......... .. .. ... .. .. ......

Polyps and Cancer of the Large Bowel. With 30 Figures .
Mucin Histochemistry of the Colon. With 11 Figures . . .

The Precarcinomatous Phase of Ulcerative Colitis.
With 27 Figures .. ........ .. .. .. ... ... ...

The Endocrine Cells of the Gastro-Intestinal Tract and
the Neoplasms which Arise from Them. With 14 Figures .

Immunological Aspects of Gastro-Intestinal Pathology.
With 13 Figures ... ...... ... ... ... .......

Oncofetal and Other Tumor-Associated Antigens of the
Human Digestive System. With 9 Figures . . .........

49

71
95

143

179

221



List of Contributors

A.C. Branfoot

IM.P. Dawson

K. Elster

H.T. Enterline

M.I Filipe

D.M. Goldenberg

Aa. Johansen

R.H. Riddell

J M. Skinner

H. Thompson,

R. Whitehead

Westminster Medical School, Udall Street Laboratories,
Udall Street, London SW1P 2PP, Great Britain

Department of Pathology, University of Nottingham,
University Park, Nottingham NG7 2RD, Great Britain

Pathologisches Institut, Stiddtische Krankenanstalten,
Kulmbacher Strafie 23, D-8580 Bayreuth, Germany

Hospital of the University of Pennsylvania, 3400 Spruce
Street, Philadelphia, PA, USA

Westminster Medical School, Udall Street Laboratories,
Udall Street, London SW1P 2PP, Great Britain

Division of Experimental Pathology, Department of Pathology,
University of Kentucky, Lexington, KY 40506, USA

Bispebjerg Hospital, Bispebjerg Bakke 23, 2400 Kobenhavn, NV.,
Denmark

Department of Anatomic Pathology, University of Chicago,
950 East 59th Street, Chicago, IL 60637, USA

School of Medicine, The Flinders University of South Australia,
Bedford Park, South Australia 5042

The General Hospital, Department of Histology, Steelhouse Lane,
Birmingham B4 6NH, Great Britain

School of Medicine, The Flinders University of South Australia,
Bedford Park, South Australia 5042



Early Gastric Cancer
AA. JOHANSEN

I. Definition and Nomenclature . ... ............................ 1
II. The Author’s Material . ... ....... ... . ... . . ... . . ... .. o.... 4
IIL Frequency . . ... ...t ittt e e e e e e e e e e e e e e e e 5
IV. Age and Sex Distribution ... .......... ... ... ... ... .. ...... 6
V. Macroscopic Features and Topography . . . ... ..... ... ... ... .. 8

1. Types and Classification Systems. . . .. ... .................... 8
2.80Z€ L e e 16

3. Localization .. ...... ... ... .. 17

4. Multiplicity . . . . .. 21

VI. Microscopic APpPearance . . . .. .. .. .o v v v om e e e e 25
I.Typeand Grade ........ ... ... ... ... 25

2. Histogenesis . ... ... 27

VIL. Lymph Node Involvement . .. ........... ... ... ... ... 36
VIIL Prognosis . . ...ttt i i e e e e e 37
IX.Clinical Remarks . ... ... ... .. ...ttt 38
X.Conclusion . .. .. u it e e e 40
References . . .. ... ot 41

The object of this paper is to describe the pathology of the particular stage of gastric
cancer known as early carcinoma. The basis for the survey is the relevant literature. Since
early gastric cancer is extremely common and has been extensively investigated in Japan,
relatively many Japanese works available in English will be mentioned. The author’s ex-
perience of 56 cases personally collected and investigated during the last 10 years will

be included.

I. Definition and Nomenclature

Since precise definition and adequate names are presumed to prevent the confusion often

met with in older literature, this subject will be treated in detail in this passage. During the
last decade the common designation “‘early cancer’ has concerning the stomach developed
into a well defined term meaning a carcinoma which has not extended beyond the submucosal
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layer of the stomach wall. Most investigators use the name even if lymph node metastases

are present. Therefore, a complete definition of early gastric cancer (egc) is: a carcinoma
limited to the mucosa or mucosa/submucosa regardless of the presence of lymph node
metastases. Just as the case is for carcinomas elsewhere invasive growth through the basal
membrane of the crypts and the glands into the lamina propria is required. Egc should be
separated from precancerous lesions including carcinoma in situ. The muscularis mucosae
plays no role in the definition, but divides egc into two groups, intramucosal and submucosal
carcinomas, both able to metastasize (Fig. 1).

To the pathologist who makes the diagnosis by histological examination the designation is
not the best. “Early” is generally not much used in the vocabulary of pathology. Names
based on facts related to the examination of the specimens would be preferable. Super-
ficial carcinoma used e.g. by Friesen et al. (1962) or surface carcinoma (Mason, 1967)
cover the pathology of such tumours better and are good collective names for the two
clear and self-evident terms: intramucosal carcinoma and submucosal carcinoma. On the
other hand egc has acquired a world-wide use and the Anglo-Saxon form is more or less
used in many languages including German and even French. The term seems to be under-
stood and accepted by all branches of gastroenterology, and realizing this, it is obvious
that any change will only create confusion.

Whether egc always is an early stage of later advanced stomach cancer and therefore de-
serves its name has been commented on by Okabe (1971). The results of his investigations
will be given later.

Who first used egc in its well defined meaning is unknown to the author, but there is no
doubt that Japanese gastroenterology has played a considerable role for the use and the
distribution of the term. According to Murakami (1971) the designation is a linguistic
analogy to “‘early tuberculosis™ which originally in Japan was used in the meaning tuber-
culosis which could be cured. Consequently egc should be looked upon as stomach carci-
noma which can be cured.

Two other expressions are worth a comment: superficial spreading type of carcinoma intro-
duced by Stout in 1942 for describing the superficial analogy to linitis plastica. The name
is good, and if it is used within the limits of the definition of egc — which was not the case
for a third of the cases published by Stout (1942) — it gives a good description of certain
forms of Japanese type Ilc and Ilc + III carcinomas. Naturally it cannot always replace egc.
The same sort of early cancer has been designated superficial erosive carcinoma (Ewing,
1936; Konjetzny, 1953).

In the German literature egc equals “Frithkarzinom” among others used by Wiend! and
Piger (1971), Hermanek and Résch (1973), Jansen (1974), Elster et al. (1975). The anal-
ogy to superficial carcinoma is “oberflichlicher Schleimhautkarzinome” used by Versé
(1903, 1908), when egc first was described. The term was later used by Konjetzny (1940),
when he had accepted (1937) that the “eigentiimliche Schleimhautbefunde” previously
described several times by himself (Konjetzny, 1913; Anschiitz and Konjetzny, 1921;
Konjetzny, 1938) were cancer. The expression has also been used by Rdssle (1944) and
Abel (1952).

In France “le cancer de P'estomac au début” or “précoce” (Gutmann et al., 1939; Albot,
1943; Loutsch, 1947; Gutmann, 1956, 1967) correspond closely to egc. Superficial car-



Fig. 1 a-c. Three forms of early gastric cancer: a) Intramucosal carcinoma. The carcinoma is mainly
limited to the foveolar zone, H&E, x 25. b) Submucosal carcinoma with slight invasion, PAS, x 40.

¢) Submucosal carcinoma with extensive invasion. H&E, x 15. The arrows indicate the lamina
muscularis mucosae
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cinomas are designated “cancer en surface” (Cattan et al., 1947). “Le cancer gastrique
érosif a march lente” (Gutmann and Bertrand, 1938) corresponds to superficial erosive
carcinoma.

Finally it should be mentioned that unfortunately some good examples of egc, mainly
intramucosal carcinomas, have been published under the name of carcinoma in situ (Mallory,
1940; Parturier-Lannegrace et al., 1947; Geffroy and Jouanneu, 1951; Osmond, 1953;
Kuhlencordt, 1951). As pointed out by Bocian and Geschke (1958) all these tumours in-
vaded the lamina propria and could not be designated carcinoma in situ in the classical

sense of Schauenstein (1908) and Rubin (1918).

II. The Author’s Material

The material has been collected at Bispebjerg Hospital, Copenhagen. This hospital is not
especially a cancer hospital, but a general municipal hospital with 1400 beds and two sur-
gical departments subspecialized in gastroenterology. The hospital serves all districts of the
city of Copenhagen and receives patients from all social classes. From 1964 all gastric resec-
tion specimens received in the department of pathology were investigated with special refer-
ence to egc. Up to 1972 inclusive, about 90 per cent of all the specimens were examined
macroscopically and histologically by the author. During this period 54 specimens with

egc were received. All — except two arriving during the authors absence — were primarily
handled by himself. The material is consecutive and has by the pathologist been treated

as prospective. In the same period two specimens with egc were received from other hos-
pitals making a total of 56 cases (64 lesions).

No effort was spared to get the specimens as fresh as possible. About 75 per cent were sent
to the department for frozen section diagnosis, most of them forwarded by means of a
pneumatic tube system. Not so seldom the pathologist was at the operation ward and got
the stomach immediately.

The specimens were photographed in a fresh state, pinned up on a corkboard and fixed
usually in 10 per cent buffered formalin. It should be noticed that even 10 to 15 min of
fixation will accentuate the contours of the lesions. After fixation the specimens were re-
photographed (black/white and colour) and a sketch was drawn. Several blocks were made
allowing examination of every irregularity of the mucosa and the degree of the gastritis in
the pyloric, border, and body gland zone on both curvatures, the anterior and the posterior
wall. In short, a procedure close to that prescribed by Mochizuki (1971) was carried out.

All the sections from specimens with egc were stained with haematoxylin-eosin, van Gieson,
PAS, and Alcian blue. A double mucin staining namely the Marks and Drysdale’s (1957)
modification of the Zimmermann (1925) reaction with added colloidal iron was considered
most useful by the author who has great experience with it. The big battery of mucin stainings
reflects the author’s interest in this problem and is not considered necessary for daily use,

but at least a PAS reaction should be carried out. Reticulin staining was sometimes used

for investigating the basal membrane.

At this passage a comment should be given on the question: how many sections (blocks)
should be taken? It is easier said than done to cut up the stomach completely and usually



it is not necessary. Some compromises must be made. Supposing that a lesion is localized
to the lesser curvature in the border zone — this is very often the case — those who are
profoundly interested in egc must make a complete section of the whole lesser curvature
side and the neighbouring part of the anterior and posterior wall, naturally including the
lesion and a proper part of the adjacent mucosa. This usually leads to 50 to 75 blocks.
Their position should be indicated on the sketch or the photo. Additional sections must
be taken from the remaining part of the stomach for evaluating the gastritis. They can be
made as “Swiss Rolls” (Magnus, 1937).

Lesions which are only slightly suspicious on macroscopic examination should be cut out
from the specimen in such a way that — if malignancy is demonstrated — the position of
the sections can be reconstructed. This method supplemented by some Swiss rolls can
also be used by those who are only interested in the plain diagnosis of a macroscopically
obvious egc, and the number of sections can be limited to less than twenty.

II1. Frequency

The frequency and total number of gastric cancers diagnosed in its early stage can to some
degree be estimated from the pertinent literature.

Versé (1908) found 12 cases of egc among 10,000 consecutive autopsies from Leipzig.
Bertrand (1937) reported on 6 cases found among 120 gastric cancers during a period of
5 1/2 year in the Salpétriére, Paris. Gutmann (1972) coworking with Bertrand mentioned
32 mucosal cancers found before and during World War I1. In 1942 Stout presented 15
cases of superficial spreading carcinoma revealed among 69 stomach cancers in the Pres-
byterian Hospital 1937-1941. Later Golden and Stout (1948) calculated the frequency

of this type of carcinoma to 14 per cent.

Hess (1956) estimated the frequency of egc to 3.3 per cent on the basis of 520 resection
specimens with cancer investigated in a 6 1/2-year period in Basel. Schade (1962) reported
that the frequency was 6 per cent among 282 stomach cancers diagnosed by cytology in
Newcastle 1954-1958.

Mason (1965) related the frequency of egc to gastric ulcers. In 158 resection specimens
with gastric or duodenal ulcer examined at Kings College Hospital 8 cases (5.1%) were
disclosed. All were localized in specimens with gastric ulcers.

The frequency of egc in Scandinavia has been mentioned by Myhre (1953) who among
631 gastric cancer specimens investigated in Norway 1949-1952 found 8 cases of super-
ficial spreading carcinomas. Among 378 gastric carcinomas not related to ulcers Ohman
et al. (1972) found 23 (6%) which were submucosal carcinomas. Furthermore, among 21
ulcer cancers 7 (37%) were early.

The widespread use of fiber gastroscopy has caused a considerable rise in the number of
egc diagnosed in the last few years. Elster et al. (1975) collecting gastric cancer from the
Erlangen district demonstrated 119 cases from 1969 until the end of January 1975 with
a clear increase in the frequency from year to year. In an interesting report Miller and
Kaufmann (1975) collected information from 261 European endoscopic centers. Among
18,887 gastric cancers 1170 (6.2%) were early.
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From the huge Japanese literature a few representative works are to be mentioned. On the
basis of 200 gastric resection specimens collected at the Tohoku University, Muto (1965)
and Muto et al. (1968) estimated the frequency of egc to 1.3 per cent at the beginning

of the forties increasing to 36.4 per cent in 1965. In the same way Kidokoro (1971) at
the Tokyo University Hospital found an increase of egc from 6.7 per cent in 1961 to

34 per cent in 1969, figures quite similar to those of Kawai (1971).

In an excellent report from Yokoyama Hospital and Aichi Cancer Center, Nagoya, Nagayo
(1968) found 322 cases (13.3%) of egc among 2416 gastric cancers diagnosed from 1953
to 1966. Nakamura et al. (1967) reported on 144 (13.9%) superficial carcinomas among
1038 cases of gastric cancer.

The frequency of egc in Japan can also be estimated on the basis of mass surveys. From
1960 to 1967 422,025 patients were examined in the Sendai Prefecture (Yamagata et al.,
1970). 794 cancers were found, 180 were egc. This was 27 per cent of the operated cases.
In Miyagi Prefecture (Nikaido et al., 1970) 504,505 persons were examined 1960-1969.
776 cancers were found. The ratio of operated cases of gastric cancer to egc was 26.4 per
cent. According to Takahashi (1971) and on basis of national statistics 1,573,667 persons
in Japan were examined in 1969. 0.2 per cent had gastric cancer and about 30 per cent
were egc.

In a more indirect way several works underline the extremely high frequency of egc in
Japan. Nagayo and Yokoyama (1974) reported that among 4189 resected cancers 143
were scirrhus cancers in the fundic part of the stomach. Forty-two of the cases were egc.
From 1964 to 1967 Nakamura et al. (1968) collected 33 egc of the microcarcinoma type,
meaning that the diameter was less than 5 mm. This material had increased to 65 up to
the end of 1973 (Nakamura, 1975). They were found more or less incidentally in 764

resection specimens examined in the Cancer Institute in Tokyo. Such illustrative numbers
can only be found in Japan.

In conclusion it can be said that the frequency of gastric cancer in its early state in Europe
is less than 10 per cent and in Japan about 30 per cent.

Author’s material: It is difficult for a pathologist to estimate the frequency and number

of egc in a hospital population. This can only be done on the basis of the material received
for histological examination. The 54 patients from Bispebjerg Hospital were examined from
1964 to 1972. In the same period specimens from 476 patients with gastric cancer were
examined. In 331 cases the material was resection or gastrectomy specimens. In 145 cases
some sort of biopsy, preoperative, suction or fiber gastroscopic, from patients not resected.
This means that egc formed 16 per cent of all resection specimens and 11 per cent of the
total number of specimens from patients with histologically verfied carcinomas. The number
of patients being admitted to the hospital in this period with gastric carcinoma without get-
ting this histologically verfied is unknown to me. But according to general custom of the
hospital this number must be negligible.

IV. Age and Sex Distribution

Gastric cancer is a rare disease before the age of 35. According to Walthers et al. (1943)
investigating 10,890 cases from the Mayo Clinic, the fifties was the most common age group



for the diagnosis of cancer. Eker and Efskin (1960) examining 1298 resection specimens
from all parts of Norway showed that in this series the sixties was the most common age.
This was also the case in a Finnish series (Inberg et al., 1972) and in a Danish report
(Nielsen et al., 1974).

In 1964 Oota reported that the most common age of patients resected for gastric cancer
was 50-60. Nakamura et al. (1967) in a series of 616 cases resected 10 years later found
that the age had increased by 10 years. He did not find any age difference between ad-
vanced cancer and egc. The most common age in Nagayo’s (1965) material of 171 cases
of egc was 50-60.

In their survey of European egc Miller and Kaufimann (1975) found that among 658 patients
the most common age for men was the sixties (115 patients) or the fifties (114 patients).
The sixties was the most common age for women followed by the seventies. As stressed

by the authors it is noteworthy that the average age for egc decreased from Northermn to
Southern Europe. If the tenth degree of longitude is followed the average age for patients
with egc was in Norway 68.9 years, in Denmark 63.8, in West-Germany 59.9, in Switzer-
land 57.8, and in Italy 53.4

Concerning sex distribution there is general agreement that gastric cancer and consequently
egc is more common among men than among women. The relation is 2:1 to 3:2. There is
no exception from this rule in any report referred to in this survey. Among the 1170 cases
reported by Miller and Kaufimann (1975) 60 per cent were men and 40 per cent were
women.

Author’s material: The age distribution is given in Figure 2. The average age of men was
68.6 and of women 65.5. The eldest and the youngest patients (89 — 37 years) were both
men. The average age of these patients compared with the age of patients with advanced
cancer reported from Scandinavia was equal. The ratio of men to women was 1.8:1.

Fig. 2. Age and sex distribution of 56 patients
with early gastric cancer
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V. Macroscopic Features and Topography
1. Types and Classification Systems

The main principle for classifying gastric carcinomas macroscopically is closely related to
the fact that the stomach is a hollow organ with a relatively thick wall. Only three basic
types are possible: 1. The tumour tissue may grow into the lumen forming a polypoid,
fungating or nodular carcinoma. 2. The tumour tissue may infiltrate the stomach wall as
either linitis plastica or superficial spreading carcinoma. 3. The tumour tissue may grow
outward penetrating the wall and invariably forming an ulcerating carcinoma.

Among the numerous classification systems which more or less modify this principle

the classical one by Bormann (1926) is still in general use. Similar classifications are made
by Konjetzny (1938), Golden and Stout (1948), Eker and Efskin (1966), Guise (1967),
Wanke (1971), and Morson and Dawson (1972). The author agrees with the view of Morson
and Dawson (1972) that too precise classification is of doubtful value. This is also under-
lined by Stout (1953) who classified 37 per cent of 470 carcinomas as of “no special” type.

The Japanese classification. Egc can hardly be dealt with without a profound study of
the Japanese classification system.

When gastroenterologists in Japan realized that previous systems used for advanced car-
cinomas were insufficient or not applicable to egc they made a new system, based on
exactly the same principles. This was inevitable, but a little disappointing.

The classification was established at the annual meeting of the Japan Gastroenterological
Endoscopic Society in 1962. President was Professor Y. Tasaka. Details about the event
are given by Murakami (1971). Egc was divided into three principles groups (Fig. 3):

Fig. 3. The classification sketch given by the
Japan Gastroenterological Endoscopic Society
(from the journal: Stomach and Intestine)



Type 1, the protruded type: the tumours project clearly into the lumen. This group con-
tains all fungating, polypoid, papillomatous or nodular early carcinomas (Fig. 4).

Type 11, the superficial type: where “unevenness of the surface is inconspicuous” (The
official explanation given by the Endoscopic Society and always printed in the beginning

Fig. 4. The protruded type I carcinoma
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of its journal “I to Cho” (Stomach and Intestine)). This type is further divided into three
subtypes: type Ila, the elevated type (Fig. 5), where the tumour is elevated less than the
thickness of the adjacent gastric mucosa (Kobayashi et al., 1972). Type IIb, the flat type,
where no elevation or depression is seen. There might be some colour change in the surface
epithelium, but for all practical purposes this subgroup contains incidentically found,
macroscopically invisible carcinomas. Type Ilc, the depressed type (Fig. 6), where the
surface level is slightly depressed. The depression should not exceed the level of the sub-

Fig. 5. The supertficial, elevated type Ila carcinoma
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mucosa. The depressed area often shows another colour than the adjacent mucosa. Some-
times it is covered by mucous or fibrin presenting itself as an erosion. The natural folds
of the mucosa are disrupted (Fig. 13), and if the depressed area is large, as often seen,
small islands of mucosa of normal height may be observed in it.

Type 111, the excavated type (Fig. 7), shows a prominent excavation of variable depth in
the gastric wall.

Fig. 6. Two superficial, depressed type IIc carcinomas
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Fig. 7a-d. Four early ulcer-cancers: a) III + IIb. Apparently a benign ulcer. The arrow indicates the carcinoma which

was macroscopically invisible except for a slightly darker colour. b) III + IIc. The carcinoma is situated below the
arrows. The ulcer margin here “gnawn off™, ¢) III + Ilc. The carcinoma is right to the arrows and ends in a fissure-

like lesion. d) III + IIc. Chronic ulcer to the left. Rectangular depressed carcinoma right to the ulcer

As far as the author can see this originally three step classification works as a five step
classification. Both for daily use and in the literature each of the three subtypes of type II
is handled on an equal footing with the main types I and III.

To facilitate the routine use of the classification the roman letters instead of the names
are nearly always used.

The different types can be combined. Some combinations are more common than some
of the pure forms. When two types are combined, e.g., I1I + IIc (Fig. 8), the predominant
type is placed first. All possible combinations of the five types are met, but naturally
with different frequencies. Combinations between type I and the others are rare, whereas
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those between type III and the others are common. Even combination forms containing
three types are sometimes seen.

Fig. 8. Example of a section through a III + IIc carcinoma

As mentioned the classification was made by an endoscopic society. There are strong
reasons to suppose that although the system can be used by any gastroenterologist it is
primarily designed for the endoscopist. It is important to realize that Japanese endo-
scopists use it in such a way that they classify exactly what is seen without making any
histogenetic consideration.

The classification system is widely adopted in Japan and is also in common use among
European endoscopists. It has been criticized by some. The most weighty objections

have been given by Hermanek and Rdsch (1973) who, comparing the number of the dif-
ferent types published from different Japanese hospitals, revealed a considerable variation,
probably on account of the subjective interpretion. Reducing the classification to “‘an
interesting graphic improvement”, Gutmann (1972) underestimated its importance con-
siderably. There is no doubt that the clear definition given in the classification, especially
for cases of type II, has occasioned that a great number of these lesions have been diag-
nosed.

Pathologists must have knowledge of this system to be able to keep up with the literature
and to give the endoscopists relevant service.

Whether we should use it too in the routine must be decided individually for the depart-
ments, but a minimum of cases is required to make its advantages clear.
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Since pathologists are concerned with the definitive diagnoses of the specimens I do not
think we should use the classification in its original, non-histogenetic way, but on the con-
trary in our descriptions stress — if possible — that e.g. a type I lesion is a malignant trans-
formed sessile adenoma or villous papilloma, and that all type III lesions are ulcer carci-
nomas and not only excavations. In this respect it is essential to understand that in Japan,
gastric ulcer most often is a more shallow lesion than what we usually consider a classical
chronic ulcer. In the literature the symbols Ul-II, -III or -IV after the symbols for the tu-
mour, e.g. llc + III (Ul-IV) [see e.g. Shirakabe (1968) and Nakamura (1970)] mean that
the excavation — indicated by the III — is an ulcer of the Ul-IV type. This seems a little
complicated to most Europeans. The Ul-symbols refer to an ulcer classification made by
Murakami and Oota, unfortunately published only in Japanese. Explanation in English

is given by Sarno (1971) and Nagayo (1965). The UL-IV corresponds to an ordinary deep,
chronic ulcer, the other ones are shallow forms.

Naturally other classifications have been used for describing and facilitating the recogni-
tion of egc. Konjetzny (1938) divided “Magenkrebs in seinen ersten Anfingen” in five
groups and illustrated the cases beautifully. He did not repeat his division in his English
survey (1953). A comparison of the Japanese classification and that of Konjetzny has been
given by Hermanek and Rdsch (1973). The same authors have suggested (1973) a very
simple and clear classification only differentiating between two forms: the polypoid and
the ulcerous. Although simple classifications always are attractive I think there are consider-
able advantages in preserving the Japanese type Il — the superficial carcinoma — as a main
group. In my opinion this group is the essence of the whole problem. Using only two steps
such carcinomas will disappear between great polyps and deep ulcers and the main benefit
of the classification will be weakened or disappear. This benefit is primarily a didactic one.
The different classifications do not tell much about the prognosis, since concerning egc this
is always excellent, but they help us to recognize the lesions and teach others about them.

Author’s material: Classifying my own material I have used the Japanese system in its

most plain form and with only a little modification. For years I have especially been guided
by the excellent and clear works of Professor Nagayo from Aichi Cancer Center in Nagoya
(Nagayo, 1961, 1965, 1966). As previously mentioned I have considered the recognition
of the type II carcinomas, the superficial type (which I should have preferred to call sur-
face carcinoma) as the most important because they are so easily missed. According to my
conception type III lesions are chronic gastric ulcers surrounded — totally or partly — by one
of the typeII superficial carcinomas. The most common form surrounding the ulcer is the
depressed type Ilc. If the ulcer looks completely benign and no differences in level are found
at the margin, I think it is most logical to designate this surrounding carcinoma type IIb,
and in the same way, if the ulcer margins are slightly elevated type Ila. This means that I
do not use the designation type III alone realizing that it is not the excavation, but its
margins which demonstrate the carcinoma. Therefore, my early ulcer cancers are divided
into three forms (Fig. 9): IlI + Ilc, III + IIb, corresponding to what is generally called III,
and IIT + ITa which unfortunately is hypothetical for me as I have no examples myself, but
it has been described [e.g. Yamagata and Masuda (1973) and Elster et al. (1975) using III

+ I]. I have not used other combination forms, but recently I have considered using the
combination IIc + Ila (Fig. 13) which seems useful and characteristic. In the present
material this combination is registered as pure type Ilc.
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Fig. 9. Sketch indicating the author’s classification of early ulcer carcinomas, A chronic ulcer is sur-
rounded by the three types of superficial carcinomas Ila, IIb and IIc. To the left is demonstrated intra-
mucosal carcinomas, to the right submucosal carcinomas

The distribution of 64 lesions in 56 stomachs together with the degree of penetration is
given in Table 1. In Table 2 a representative Japanese material (Nagayo, 1968) and a German
material (Elster et al., 1975) are compared with the author’s. The European material con-
tained more elevated carcinomas than the Japanese. In my own material IIb lesions are rel-
atively numerous. Four of the six cases are “the second’ lesions in stomachs containing two
separated tumours. The most marked difference between the European and the Japanese
material is found for the ulcer-cancers which are far more often seen in the latter. According
to the drawings of Nagayo (1968) some of the ulcers in his material might have been very
shallow. Nakamura et al. (1967) found that if strict criteria were applied to a material of
144 superficial carcinomas 3.5 per cent were ulcer-cancers. Using Qota’s criterion including
shallow ulcers on the same material this percentage would arise to 32 per cent.

It should be noticed that the sum of Ilc and ulcer-cancers, in which way they may be
indicated, are the same in Elster’s and my own material.

Table 1. Macroscopic type and degree of penetration

total intramucosal submucosal 35
slight extensive

64 29 14 21
I protruded 10 3 2 5
a elevated 3 1 - 2
II superficial b flat 6 4 1 1
c depressed 12 9 1 2
II chr. ulcer + IIb flat carc. 10 5 2 3
Ilc depres. carc. 23 7 8 8
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Table 2. The occurrence of different macroscopic types in one Japanese and two European series
expressed in percentages

Nagayo, 1968 Elster et al., 1975 Johansen, 1975
n=322 n=90 n=64
I protruded 9.0% 14.4% 15.6%
a elevated 0.9% 7.8% 4.7%
II superficial b flat 1.9% 6.7% 9.4%
¢ depressed 15.8% 31.1%2 18.7%
IIT pure and all combination forms 72.4% 40.0% 51.6%

2 included one case IIa +1IIc

Concerning penetration I have divided the submucosal carcinomas into two groups (Fig. 1):
those with only a few scattered cells or a gland imitation under the muscularis mucosae and
those with a more extensive invasion. The group containing most intramucosal carcinomas
was type IL. This is in accordance with Elster et al. (1975). In Nagayo’s material (1968) type
III carcinomas were also most often intramucosal.

2. Size

Many not familiar with the problem look upon egc as extremely small tumours. This is in no
way the case. There is no size limitation in the definition of egc and many of the carcinomas
are rather extensive although naturally the majority are small. Konjetzny (1938) stressed
that many of the flat eroded carcinomas often have a diameter of 8 cm or more. Among the
cases mentioned by Golden and Stout (1948) the smallest was about 1 cm?and the largest
one occupied 180 cm?. Friesen et al. (1962) reported that among their 65 lesions 8 per cent
involved an area of 2 cm? or less. Seventy-two per cent measured from 2-30 cm?, in 17 per
cent the carcinomas replaced 30-100 cm?, and in 2 cases the total specimen was involved

in an irregular fashion. Nagayo (1968) subdivided his type Ilc carcinomas into two groups:
one group (31.4%) with carcinomas having well defined margins and diameters of less than

3 cm, and another group (68.6%) with ill defined boundaries and involving areas often meas-
uring more than 5x5 cm.

Okabe (1971) in an interesting report related the horizontal diameter of egc to the depth
of the carcinomatous infiltration. For elevated carcinomas the largest diameter was less
than 60 mm and most of the tumours were intramucosal. For elevated carcinomas with a

central depression (IIa + IIc) the largest diameter was less than 50 mm, but the majority
of these tumours were submucosal. The largest cancers were found among the depressed

ones, and there was no correlation between size and depth infiltration nor was this the
case for ulcer-cancers which all had a diameter of less than 50 mm.
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On the other hand, as already mentioned, Nakamura (1975) was able to collect 65 cases
of microcarcinomas all having a diameter of less than 5 mm.

Author’s material: I have divided the 64 lesions in my material into 6 groups according
to their largest diameter (Table 3 and 4). More than half of the lesions had a largest dia-
meter of 2 cm or less. Among tumours larger than 4 cm five were ulcer-cancers (Fig. 10)
and two papillomatous tumours of type I.

There was nearly a direct correlation between the size of the tumour and the degree of
penetration (Table 4).

Table 3. Macroscopic type and size (largest diameter)

total <lcm 1.1-2cm 2.1-3cm 3.1-4cm 4.1-5cme >5cm
64 17 17 11 11 5 3
I protruded 10 2 3 2 1 - 2
a elevated 3 1 - 1 1 - -
II superficial b flat 6 4 1 — 1 — -
¢ depressed 12 3 4 3 1 1 -
X 2
101 chr. ulcer +IIb flat carc 10 3 2 0
IIc depres. carc. 23 4 8 3 5 3 1

Table 4. Degree of penetration and size (largest diameter)

total <icem 1.1-2cm 2.1-3cm 3.1-4cm  4.1-5cm >5 cm
64 17 17 11 11 5 3
Intramucosal 29 13 10 4 1 1 —
submucosal slight 14 3 2 4 3 1 1
extensive 21 1 4 3 7 3 2

3. Localization

It has to be stressed that the localization of gastric cancer can be given in relation to the
traditional anatomical parts of the stomach which are the pyloric channel, the antrum,

the body, the fundus, and the cardia. A more attractive way, especially from a histogenetic
point of view, is to relate the localization to the type of the mucosa, either the pyloric gland
mucosa or the body mucosa, separated by an intermediary or border zone mucosa often
several cm in width. A combination of the two principles is often used. In this respect it

has to be remembered that the pyloric mucosa always is most extensive at the lesser curva-



18

Fig. 10. Two type III + IIc lesions. The superficial carcinomas have ill defined borders and are both
several cm? of extension



Fig. 10 (continued)
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ture side (Landboe-Christensen, 1944) and that the border zone between the pyloric and
body glands moves towards the cardia with increasing age, especially on the lesser curva-

ture side (Kimura et al., 1970; Kimura and Takemoto, 1970). In older persons represen-

tative body mucosa is seldom seen at the lesser curvature side at all.

There is general agreement that gastric cancer is most often localized in the pyloric zone
or in the intermediary zone. When localized in the anatomical body part of the stomach
it is nearly always on the lesser curvature side at the top of the extended atrophic pyloric
mucosa or in the atrophic body mucosa associated with pemicious anemia.

All the cases reported by Hess (1956) were localized to the pyloric or intermediary mucosa
close to the lesser curvature. This was also the case in Mason’s study (1956). Nagayo et al.
(1965) demonstrated that although the majority of 161 egc were localized in the pyloric
and intermediary zone there was a slight difference between the three main types. More
than half of type I carcinomas were localized in body mucosa. Among type il carcinomas
only one was situated in that area. Concerning type III carcinomas about 10 per cent were
localized to the body mucosa, but the majority were localized to the intermediary zone,
especially on the lesser curvature side in good accordance with the fact that this is the
region where gastric ulcers most often are seen (Oi et al., 1969; Stadelmann et al., 1970).
Sano (1971) divided 300 cases of egc into 2 groups: cancers with ulcer and cancers with-
out ulcers. Among those without ulcers 39.3 per cent were found less than 4 cm from the
pyloric ring. The corresponding figures from those with ulcers were 19.8 per cent. In both
cases 13 per cent were found more than 8 cm away from the pyloric ring. This is in good
accordance with Nagayo’s work (1965) and with the work of Nakamura (1970) who found

Fig. 11. Sketch indicating the local-
ization of 64 early gastric carcinomas.
The mid zone corresponds to the
intermediary-type mucosa
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a considerable number of undifferentiated carcinomas in the fundic mucosa. Actually it
seems that the traditional view that gastric cancer is more common in the pyloric mucosa
(ref. Wanke, 1971) has to be reviewed. In the retrospective study of 1170 cases of egc
(Miller and Kaufmann, 1973) 49 per cent were localized in the body/fundic area. Among
4189 cases of resected stomach cancers from Aichi Cancer Center 14.9 per cent were clas-
sified as scirrhus carcinomas, 28 per cent of these were developing in the body/fundic area
(Nagayo and Yokoyama, 1974). Recently Nakamura et al. (1975) among 173 cases of linitis
plastica cancers collected from 1954-1974 found that 88 cases were localized in the body/
fundic mucosa.

Author’s material: The localization of the different types of 64 lesions is given in Figure 11.
It is seen that practically all tumours were localized to the pyloric zone or to the interme-
diary zone. Indeed hardly any lesion was found in proven body mucosa. In two cases a
relatively large number of parietal cells was revealed distal to the tumour, but they were
found together with many pseudopyloric glands and comparing such areas with proven
body mucosa it was the impression that the lesions were localized to the uppermost part

of the intermediary zone.

The localization indicated on the sketch refers to the centre of the lesion. As mentioned,
many tumours were very extensive and involved all three histological zones. Eleven lesions
extended into the body mucosa where they were limited to the foveolar zone, but in all
cases they originated from the intermediary mucosa. None of the lesions extended into
the duodenal or cardiac mucosa.

4. Multiplicity

Gastric cancer is often a multifocal lesion. According to Wanke (1971) upto 1961 186 such
cases have been published. The diagnostic criterions for multiplicity have been outlined by
Moertel (1957). He demanded that (1) each lesion must be of pathologically proven malig-
nancy, (2) the tumours must be separated from each other by intervals of microscopically
normal gastric wall, and (3) the possibility that one of the lesions represents a local exten-
sion or a metastatic tumour must be ruled out beyond any reasonable doubt.

An important contribution to the problem has been given by Collins and Gall (1952) who
investigated 117 specimens with gastric carcinoma: “In 26 stomachs (22%) multiple, inde-
pendent, neoplastic lesions were found. Four (3.4%) of these were grossly appreciated, the
remainder 22 (19%) were microscopic in size and preinvasive in character”. There is no
doubt that among these 22 cases some were precancerous lesions, but some might have
been “carcinoma in situ” cases in the sense of Mallory (1940) meaning that they were
intramucosal carcinoma in a modern concept.

The multiplicity of egc has been demonstrated by many authors. Hess (1956) revealed a
multicentric origin in 11 cases out of 17. Friesen et al. (1962) demonstrated the presence
of two or more regions of carcinoma separated by benign mucosa in 33 (51%) of 65 super-
ficial carcinomas. Nine cases of 12 surface carcinomas reported by Mason (1965) showed
multifocal origin. Wiendl and Piger (1971) found 7 multicentric cases among 220 gastric
cancers, most of them in early stage. Among 66 cases of egc reported by Elster et al.
(1975) 3 showed multiple carcinomas.
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Fig. 12. Multifocal carcinomas. Three type I lesions are indicated by the arrows. Furthermore, an
adenoma in the pyloric channel is seen
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Fig. 12 (continued)

The same high frequency of multiplicity are met in the Japanese works. Among 171 cases
of egc reported by Nagayo et al. (1965) 12 cases were multifocal. Especially the protruded
tumours were multiple. This was also the case in Sano’s (1971) material where multiple
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Fig. 13. Multifocal carcinomas. Two type Ilc lesions are indicated by the arrows. The most distal
lesion could be designated a type Ila + IIc lesion
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cancers were found in 12.4 per cent in egc-specimens without ulcers and in 5.2 per cent
in those with ulcers. Nakamura et al. (1967) found 7 cases with multiple cancers among
162 egc. Furthermore, multiplicity has been demonstrated in several of the 95 cases of
egc reported by Majima et al. (1955, 1963, 1965).

Author’s material: Among the 56 resection specimens 7 demonstrated multifocal lesions.
In one case (Fig. 12) three protruded type I carcinomas were found together with a pyloric
adenoma disclosing severe precancerous changes. In three stomachs lesions of type Ilc were
accompanied by another type Ilc lesion (Fig. 13) in 2 cases, and in one case by a type IIb
lesion. In three cases type IIb lesions were found separated from ulcer-cancers.

VI. Microscopic Appearance
1. Type and Grade

Although the histological picture of egc hardly can be described in detail without making
histogenetical considerations, some general information about the microscopic appearance
will be given here. All egc are adenocarcinomas. Epidermoid carcinomas and adenoacantho-
mas have — to the best of my knowledge — never been described at an early stage in the
stomach.

Gastric carcinomas have been divided according to two different principles. The carcinomas
have been classified in #ypes as carcinoma adenomatosum, solidum, simplex, medullare,
colloides, scirrhosum etc. based on their morphology and growth pattern, or according to
their grades of differentiation into the wellknown four groups of Broders. Concerning egc
the latter division is most important. All grades of differentiation are seen in egc.

Nagayo and Komagoe (1961) divided their 42 cases of pure intramucosal cancers into three
groups according to differentiation: (1) Highly differentiated, where the cells had clearly
preserved their polarity. The cells were most often cylindrical and their mucous secretion
was low. The cells were arranged in tubular or glandular imitations, sometimes disclosing
papillary structures. (2) Less differentiated, where the cells were more cuboidal but had

still preserved some degree of polarity. Their mucous secretion was scanty. They were ar-
ranged in small cords or trabeculae which sometimes formed a network. (3) Undifferentiated,
where the tumour cells had completely lost their polarity, their shape was round or polygonal
and very often they secreted an abundant amount of mucus (signet ring cells). The cells were
disseminated, without any system, into the surround-

ing stroma. Table 5. Prototypes of carcinoma
It may seem a little rigid to base degrees of differ- Carcinoma papillare

entiation on a relatively firm histological pattern. carc%noma tubulare

On the other hand, from a didactic point of view, it carcinoma glandulare

makes the classification easier, if the pathologist has carcinoma reticulare
carcinoma trabeculare

the morphological prototypes, given in Table 5, in .

L. . . . . carcinoma globocellulare
his mind. This sequence could be divided into two, (signet ring cells)
three or even the four classical groups of Broders, carcinoma monocellulare
although the last possibility is not recommended. (anaplasticum)
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Sometimes the prototypes are found in nearly pure form, but naturally transition between
neighbouring types is often seen. Coexistence of types located at each end of the sequence
may also be seen. In such cases one type usually predominates making a grading of the dif-
ferentiation possible. Should, however, each type be represented in equal amount the car-
cinoma must be considered to be of a mixed type, and it is very difficult or impossible

to grade it exactly.

When deciding the degree of differentiation of a tumour considerable weight is placed on
the appearance of the nuclei and the cytoplasmic/nuclear ratio together with the number

of mitoses and their degree of atypism. The nuclei must be carefully studied in all cases,
especially when advanced gastric cancers are to be graded, but they seem of lesser impor-
tance when classifying egc. Certain highly differentiated tubular early carcinomas have

large and atypical nuclei and frequently many mitoses. On the other hand the nuclei of
typical anaplastic cells are often small and — as known from the frozen section laboratory —
can easily be confused with those of inflammatory cells. If the cells are of the signet ring
type mitoses are practically never seen.

Stromal reaction is sparse and is hardly seen in intramucosal carcinomas. In poorly dif-
ferentiated, particularly submucosal, carcinomas some fibrosis is seen. Evaluating the
histology of 144 egc Nakamura et al. (1967) designated 14 (9.7%) as scirrhus cancers.

The different macroscopic types of egc are related to the degree of differentiation in a
relatively constant way. Type I carcinomas are nearly always highly differentiated adeno-
carcinomas often with a papillary component. All the 21 type I carcinomas reported by
Nagayo et al. (1965) were highly differentiated. Among 13 type I carcinomas, Elster et al.
(1975) found only one undifferentiated. Exactly the same is the case concerning the type
ITa carcinomas. The histology of type IIb carcinomas was in the before mentioned work
by Nagayo also dominated by highly differentiated carcinomas in contrast to Elster’s
material, where undifferentiated carcinomas were conspicuous.

Concerning type Ilc lesions Elster et al. (1975) found among 28 cases, 8 highly, 1 poorly,
and 5 undifferentiated of the signet ring type. Furthermore, 13 were of mixed types. Nagayo
(1968) examined 51 cases of type Ilc and found that 25 were well, 15 moderately, and

11 poorly differentiated. But in the group of small type Ilc carcinomas with well demar-
cated borders, previously mentioned, all except one were highly differentiated.

Among 36 cases of type III carcinomas and their combination forms Elster et al. (1975)
found 11 cases highly, 5 poorly, and 10 undifferentiated. Furthermore, 10 were of the
mixed type. In 68 purely intramucosal type III carcinomas classified by Nagayo et al.
(1965) 23 were highly, 8 moderately, and 8 poorly differentiated. Thirty were of the
mixed type. Nakamura et al. (1967) found nearly a similar distribution. Summarizing
this it can be said that the elevated carcinomas nearly always are highly differentiated,
the flat ones may contain both groups, and the depressed carcinomas and especially the
ulcer-cancers demonstrate a higher number of undifferentiated carcinomas.

Author’s material: I have divided my cases into three groups according to the degree of
differentiation. Although mixed types were present one type always predominated so that
it was possible to place each case in one of the three groups. The first group contains
highly differentiated carcinomas with a papillar or tubular pattern. The second group —
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the moderately differentiated — contains carcinomas, where the tubular or glandular pat-
tern can only be glimpsed. The cells are often collected in trabeculae. In the third group,
which contains poorly or undifferentiated carcinomas, are found mainly signet ring cell
carcinomas but also totally anaplastic carcinomas nearly without mucous secretion.

Table 6. Macroscopic types and degree of differentiation

Degree of differentiation
total high moderate poor or no
64 31 10 23
I protruded 10 9 1 -
a elevated 3 3 - -
II superficial b flat 6 1 1 4
c depressed 12 7 1 4
111 chr. ulcer + IIb flat carc. 10 5 1 4
IIc depres. carc. 23 6 6 11

In Table 6 the groups of differentiation are related to the macroscopic types. It is seen
that the results are nearly identical to the above mentioned, but the greatest part of my
ulcer cancers belongs to the poorly or undifferentiated group. In Table 7 the three groups
are related to the degree of penetration. The distribution did not reveal any conclusive
pattern. Some examples of the microscopic pictures are given in Figure 14.

Table 7. Degreee of penetration and degree of differentiation

Degree of differentiation
total high moderate poor or no
64 31 10 23
Intramucosal 29 14 S 10
Submucosal slight 14 8 3 3
extensive 21 9 2 10

2. Histogenesis

Egc offers fairly good possibilities for studying the histogenesis of gastric carcinoma, since
the original structure of the mucosa more frequently can be recognized than in advanced
carcinomas. There is general agreement that there is a clear relationship between atrophic
gastritis and the development of gastric carcinoma, and particularly intestinal metaplasia
has been referred to as a precancerous lesion in the broad sense of the word. This subject
has for years been thoroughly investigated and only some landmarks will be mentioned
here. :
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On the basis of 184 advanced gastric cancers and 6 papillomasJarvi and Laurén (1951)
introduced the hypothesis that gastric cancers often originate from intestinal metaplastic
epithelium and even do so “in the majority of cases”. In his well known work Laurén
(1965) divided 1344 cases of gastric cancer into two groups: intestinal-type carcinoma,
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accounting for 53 per cent, and diffuse carcinoma accounting for 33 per cent. Fourteen
per cent showed a structure which did not allow any classification. As indicated by the
name, intestinal-type carcinoma was considered to develop from intestinal metaplastic

epithelium. Although not directly stated the diffuse carcinomas had consequently devel-
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oped from the original unchanged mucosa. Morson (1955a) showed that intestinal meta-
plasia was most commonly found in the pyloric mucosa and on the lesser curvature side

in all sorts of gastric diseases and that intestinal metaplasia was seen more often in stomachs
with carcinoma than in those with gastric or duodenal ulcers. Investigating 107 resection
specimens with carcinoma, Morson (1955b) found strong evidence that about 30 per cent

of gastric cancers arise from intestinal metaplastic areas. In the same year he (1955c) showed
that intestinal metaplasia is very common in gastric polyps. Later Morson and Dawson (1972)
summarized the evidence for the precancerous role of intestinal metaplasia. They divided
gastric carcinoma into three groups: carcinoma of intestinal epithelial pattern, diffuse car-
cinoma, and carcinoma of gastric epithelial pattern. The classification is not strictly a his-
togenetic one, but naturally the names indicate that the authors presume that a carcinoma
can develop from both gastric epithelium and intestinal epithelium.

In Germany the pathology of intestinal metaplasia has been carefully studied by Elster et
al. (1960) and Heinkel et al. (1960). In Japan Nagayo et al. (1965) found that highly dif-
ferentiated adenocarcinomas were found together with severe degrees of intestinal meta-

plasia, and that this sort of gastritis was seldom among the low or undifferentiated carci-

nomas.

The investigator who has contributed most to this subject in Japan is Nakamura who in a
series of works (Nakamura et al., 1966, 1968, 1971, 1975; Nakamura, 1970) arrived at the
conclusion that highly differentiated adenocarcinomas (tubular and papillotubular adeno-
carcinomas) arise from intestinalized mucosa, and undifferentiated adenocarcinomas (muco-
cellular and anaplastic adenocarcinomas) from ordinary mucosa of the pyloric, fundic and
cardiac type. The reports of Nakamura analyse all aspects of the problem and are mainly
based on the study of microcarcinomas which give extremely good conditions for such
studies. These reports are in accordance with the work of Jirvi and Laurén (1951) and

can be considered as a sort of confirmation of their hypothesis, carried out on a much more
favourable material.

It must be underlined that Nakamura (1975) stresses that differentiated carcinomas in all
cases originate from intestinal metaplastic areas, and that he rules out the possibility that
such carcinomas also may originate from normal non-metaplastic foveolar epithelium.

Finally, Konjetzny’s (1938) life-long studies should be mentioned. It is especially this
author who has put forward the concept that gastric cancer never develops in healthy
gastric mucosa. He considered what he designated “‘atrophisch-hypertrophische” gastritis,
often dominated by intestinal metaplasia, as a precancerous condition. Schade (1963) is
of the same opinion.

Histogenetic studies of gastric cancer have for years been my main interest and it is beyond
the limit of this survey to report my work in detail (this is under preparation for publica-
tion). It is my conviction that gastric carcinoma often is intimately related to metaplastic
epithelium. In early carcinomas unmistakable transitions from such elements to carcinoma
of the highly differentiated type may easily be observed (Fig. 15). Indeed it is true that a
great number of tumours, early as well as advanced, demonstrate areas where more or less
well developed brush borders and goblet cells let presume that the origin is intestinal meta-
plastic epithelium. It is observations of this kind made on ordinary stained specimens (Mor-
son, 1955a) and specimens stained by different mucin (Stiller and Stiller, 1964; Lev, 1966;
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Gad, 1969) or enzyme histochemical (Wattenberg, 1959; Planteydt et al., 1962) reactions
which support the hypothesis. Studying the literature one gets the impression that the hypo-
thesis is based on the following sequence: normal gastric foveolar epithelium - fully devel-
oped intestinal epithelium (or at least intestinal epithelium demonstrating brush borders

and goblet cells) > precancerous epithelium with an appearance often like that known

from adenomas in the colon — carcinoma. In my opinion, based on the constant use of
double mucin stained specimens, this theory is far too simple.

In the first place many transitional forms between a normally developed gastric foveola
with cylindrical, PAS-positive cells and a completely metaplastic intestinal crypt with non-

(a)

(b)

Fig. 15a and b. Transition from intestinal metaplastic epithelium to intramucosal carcinoma: a) PAS,
x 40. b) PAS, x 100. The arrow indicates the position of b)
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mucin secreting, absorptive cells, provided with a brush border, and barrelshaped goblet
cells are seen. Classical goblet cells are often seen interposed between apparently normal
PAS-positive cells (Ming et al., 1967). Other transitional forms may also be demonstrated.
In the second place it is of great importance to realize that the cells situated at the bottom
of the foveola, in the isthmus or neck region (depending on nomenclature) differ from
other foveolar cells. These cells have been considered as being undifferentiated. Certain
identification of them can only be made by electron microscopy (Johnson and Young,
1967; Rubin et al., 1968). Nevertheless, the presence of immature cells in this particular
region, where also mitoses are common (Teir and Rdsdnen, 1961), and labelling indices
and other cell division parameters (Willems, 1972) are high, has been acknowledged for
years (Babkin, 1950; Steven and Leblond, 1953). The light microscopist can identify the
cells by their low columnar shape, their large basally situated nucleus with prominent
nucleoli and, most important, by the absence of an appreciable amount of mucin. The
little which can be identified in the cells and in the neighbouring deep foveolar cells, for
which they may be precursors, are in addition to being PAS-positive also stainable with
methods for acid mucin, in my experience most constantly and strongly with colloidal
iron.

(b)

Fig. 16a and b. Intermediary-type mucosa with a few parietal cells: a) Demonstrates 4 foveolae of non-
metaplastic type. The two to the right are nearly normal, the two to the left are abnormal with an un-
differentiated pattern and severely reduced and even abolished mucus secretion. PAS, x 100. b) Foveolae
indicated by arrows in a), PAS, x 250
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One of the most conspicuous electron microscopic features of the cells is their prominent
microvilli which in my opinion sometimes are so numerous that they light microscopically
may form an indistinct brush border.

These are the cells on which the attention should be focused. Under normal circumstances
they migrate towards the surface differentiating in such a way that the amount of PAS-
positive mucus continuously increases until a maximum of differentiation is reached. This

Fig. 17. A differentiated adenocarcinoma originating from foveolae demonstrating transition form
between normal PAS-positive cylindrical epithelium and intestinal epithelinm with goblet cells. H&E,

x 100
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usually happens at the point where the foveolar epithelium reaches the surface. During
this differentiation they have at an early stage lost their stainability for acid mucus.

Under abnormal circumstances this migration may take place without a correspondingly
normal differentiation, and the whole foveola will in some cases be covered with immature-
looking cells hardly secreting mucus (Fig. 16). In other cases the whole or at least the greater
part of the foveola is lined by cells having preserved the ability to secrete acid mucus. In still
other cases the migration proceeds concomittantly with a differentiation towards intestinal
epithelium. Sometimes this may be incomplete leading to cells with indistinct, badly defined
brush borders, at other times more complete, resulting in well developed intestinal crypts.
This is not inconceivable because the undifferentiated cells in the stomach may be one

link of a chain of gastrointestinal cells (Trier, 1963; Silva, 1966; Johnson and Young, 1968)
able to differentiate in different directions when abnormal influences affect them. Such in-
fluences are unfortunately unknown just as it is completely unknown whether the forces
causing a neoplastic differentiation are not only quantitatively but also qualitatively dif-
ferent.

In my opinion there is little doubt that the undifferentiated cells and some of their first
descendants may transform into malignant cells with an appearance determined by the
above mentioned pattern. Carefull microscopy of egc and the adjacent mucosa will show
the presence of some of the abnormal foveolar patterns (Fig. 16) and the transition to ob-
viously malignant cells. Sometimes two different forms are found in neighbouring foveolae
and I cannot therefore believe that differentiated carcinomas only originate in intestinal
metaplastic epithelium. I hold the opinion that highly differentiated carcinomas may orig-
inate from both the metaplastic and the original epithelium and perhaps especially from
their not fully developed forms (Fig. 17). In correspondence with this, undifferentiated
carcinomas may originate from the gastric epithelium and — although rarely — also from
intestinal epithelium.

I agree with the view that intestinal epithelium is most commonly found in stomachs with
carcinoma, and is more common in those with highly differentiated than in those with
poorly differentiated carcinomas but this does not necessarily mean that the tumours
originate in the intestinal crypt. Intestinal metaplasia may just as well be an indicator of
maladjusted regeneration on the basis of which neoplasia more easily takes place.

As mentioned a total statement of my histogenetic studies will not be given at this place,
but in accordance with other reports the degree of gastritis and the extension of intestinal
metaplasia will be mentioned.

Author’s material: The occurrence of intestinal metaplastic epithelium in the corporic and
pyloric mucosa has been divided into four groups in addition to the two conditions where
intestinal metaplasia is totally absent or makes up the mucosa 100 per cent. These groups
are related to the different macroscopic types (Table 8 and 9). As in all similar investigations
high degree of intestinalization is found for type I and Ila carcinomas. For depressed cancer
and ulcer-cancer hardly any metaplasia is found in the body mucosa, but in pyloric mucosa
intestinalization is still extensive. As mentioned previously one should — in my opinion —

be very careful in interpreting this histogenetically.

In the following Table 10 the degree of gastritis — of which intestinal epithelium is only
one important side — is for the body mucosa related to the different types of carcinomas.
The degree of gastritis has been estimated according to Motteram (1951) and Christiansen
and Johansen (1966). It is seen that a considerable number of egc are accompanied by
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Table 8. Distribution of intestinal metaplasia in the body mucosa in relation to the macroscopic types

total| 0 1-25%26-50% 51-75% 7699% 100% corporic

64 26 22 3 4 4 2 mucosa
not present

I protruded 10 - 1 1 1 4 2 1
a elevated 3 - 1 - 1 - 1 _

II superficial b flat 6 2 3 - 1 - - _
c depressed 12 4 6 1 1 - — -
11 chr. ulcer + IIb flat carc. 10 5 4 1 - - - -
IIc depres. carc. 23 15 7 - - — - -

Table 9. Distribution of intestinal metaplasia in the pyloric mucosa in relation to the macroscopic
types

total| 0 1-25% 26-50% 51-715% 76-99% 100% pyloric
64 | 0 3 6 16 35 3 mucosa
not present
I protruded 10 - - - 1 6 3 -
a elevated 3 — — - 1 1 — 1
II superficial b flat 6 - - - 2 4 - -
c depressed 12 - 1 1 S S - —
101 chr. ulcer + IIb flat carc. 10 - 1 2 3 4 - -
IIc depres. carc. 23 - 1 3 4 15 - -
Table 10. Macroscopic types related to the degree of gastritis in the body mucosa
Normal Superficial Atrophic corporic
total slightly  severely maximal mucosa
not present
64 2 21 25 12 3 1
I protruded 10 - - 1 6 2 1
a elevated 3 - - 1 1 1 -
II superficial b flat 6 — 1 4 1 - -
c depressed 12 - 4 6 2 - -
IIb flat carc. 10 1 3 N 1 - —
IIT chr. ulcer +
uieer IIc depres. carc. 23 1 13 8 1 - -

normal or only slightly changed mucosa. In 50 patients an augmented histamine test has
been performed preoperatively. From Figure 18 is seen that more than half of the patients
showed normal or hyperacidity. In Table 11 the pyloric gastritis has been divided into
three groups. It is seen that nearly all macroscopic types of carcinomas are attended by
severe pyloric gastritis.
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Fig. 18. Results of augmented hista-
mine test in 50 patients (the test was
not performed in 16 patienst)

Table 11. Macroscopic types and the degree of gastritis in the pyloric mucosa

total | Normal light moderate severe pyloric mucosa
not present
64 0 6 8 49 1
I protruded 10 - 1 2 7 -
a elevated 3 - - - 2 1
II superficial b flat 6 - 1 1 4 -
¢ depressed 12 - 2 1 9 -
IIb flat carc. 10 - 1 1 8 -
hr. +

L chr. ulcer IIc depres. carc. 23 - - 3 19 —

VII. Lymph Node Involvement

A careful search for lymph nodes must be made in all specimens suspicious for egc and
naturally all nodes from proven cases must be histologically examined. The presence of

metastases does not exclude the diagnosis of egc, but — as mentioned later — the prognosis
will be aggravated a little.

It is of historical interest that Konjetzny (1938) first accepted intramucosal carcinomas
when he revealed a case with lymph node metastases. Sano (1971) found lymph node meta-
stases in 4 per cent of intramucosal carcinomas connected with ulcer. For submucosal car-
cinomas an incidence of 16.3 per cent and 24.7 per cent was found for egc with and with-
out connection with ulcer respectively.

Author’s material: None of the intramucosal carcinomas demonstrated lymph node meta-
stases. Three submucosal carcinomas had one lymph node each with metastasis. The lymph
node capsules were not pervaded. One of the patients died without metastases. The two
others have survived for 4 and 8 years.
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VIII. Prognosis

Advanced carcinoma of the stomach has a poor prognosis despite all advances in surgical
treatment. The following figures are considered representative (Inberg et al., 1971).

In the years 1946 to 1965, 1963 cases of gastric carcinoma were diagnosed at the University
Hospital in Turku, Finland. Fifty-eight per cent were operated. Twenty-six per cent were
resected. The 5-years survival rate for all resected cases was 19.6 per cent. If the resection
was estimated as curative the S-years survival rate was 23.8 per cent, and the 10-years sur-
vival rate 14.6 per cent. 5.1 per cent of all patients were alive after 5 years. The postopera-
tive mortality (early mortality) was for normal partial resections 6.2 per cent, for gastrec-
tomies and upper resections 18.3 per cent. This work reflects to some degree other Scandi-
navian reports (Eker and Efskin, 1960; Ohman et al., 1972; Nielsen et al., 1974). In Den-
mark 1229 cases of gastric cancer were registered in 1968 and 1075 died of the disease in
the same year. The total 5-years survival has been estimated at 9.4 per cent (Nielsen, 1973).
The before given figures are also in line with a report by Hawley et al. (1970) fror: England.
A survey of the results in some American hospitals are given by McNeer and Pack (1967).

Generally speaking, the literature shows that among gastric cancer patients admitted to
hospital on average 50 per cent are operated, and less than 30 per cent curatively resected.
The operative mortality is usually higher than 10 per cent with some remarkable excep-
tions from Japan: Nakayama (1969) 1.5 per cent in 1762 patients and Fujimaki et al.
(1972) 5.4 per cent in 431 patients). The 5-years survival rate is generally below 10 per
cent with some notable exceptions, e.g. Zacho and Fischermann (1966) on special select-
ed materials.

Gastric cancer in its early phase has a much more favourable prognosis. Although a limited
number of follow-up series are available one gets the impression that the 5- and even the
10-years survival rate for intramucosal carcinomas is very close to 100 per cent and for
submucosal carcinomas about 90 per cent. Based on a survey of the results from 22 insti-
tutions where 2364 cases of early gastric cancer were operated in the years 1962 to 1968
the 5-years survival rate was calculated to be, for intramucosal carcinomas without lymph
node metastases 93.4 per cent and with lymph node metastases 91.5 per cent. The corre-
sponding figures for submucosal carcinomas were 89 and 80.5 per cent. Lymph node meta-
stases were found in 5.3 per cent of intramucosal carcinomas and in 19.6 per cent of sub-
mucosal carcinomas (Hayashida and Kidokoro, 1969, 1970).

The role of egc for the prognosis of gastric cancer as a whole has been shown by Muto
(1965) and Muto et al. (1968). Their 5-years survival rate improved from 23 per cent to
44 per cent in a 25-years period where egc increased from 1.3 to 36.4 per cent in the
material.

Author’s material: On account of the very limited number of cases in my material the
survival rate will be given in the following way. All the patients could be followed. Among
the 56 one patient died from his carcinoma 6 years and 1 month post-operatively. Autopsy
showed metastases to the lymph nodes and the liver. The primary carcinoma was a highly
differentiated adenocarcinoma with moderate invasion into the submucosa. Two other
patients died apparently of gastric cancer. One had 3 separate carcinomas (Fig. 12) one
intramucosal and two submucosal, all highly differentiated. He died 9 months postoperative-
ly at home. He also suffered from severe pulmonary tuberculosis and cor pulmonale. No
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autopsy was performed. The other patient had a highly differentiated submucosal ulcer
carcinoma with only 5 small glands below the muscularis mucosae. He died 6 months post-
operatively in a mental hospital. He constantly had blood in his stools and suffered a severe
loss of weight. No autopsy was performed. Five patients (2.8%) died postoperatively within
20 days. Fifteen patients, in whom a total hospital autopsy was performed, died of other
diseases unrelated to gastric cancer from 2 months to 9 years postoperatively. In no cases
were recurrences or metastases found. Four patients, in whom no autopsy was performed,
died of other diseases from 13 months to nearly 8 years postoperatively in their homes.
They had been controlled twice a year and no signs of recurrence had been found.Gastric
cancer was not mentioned on their death certificates. Twenty-nine patients were alive and
in good state on 17th November 1975. The longest period of survival is 10 years and

9 months.

Using the decrement method (Chiang, 1968) and not excluding postoperatively dead pa-
tients, the cumulative 5-years and 10-years survival rate were 61.4 and 47.1 per cent re-
spectively (Fig. 19).

Fig. 19. Cumulative survival (decrement
method) postoperatively dead included
in the calculations

Referring to my own material it conclusively can be said that only one patient has died of
his carcinoma with absolute certainty. Six others (4 + 2) may have died of gastric cancer
since no autopsy was performed to exclude this, but in only two patients does it seem
probable. The rest of the patients have died without any sign of recurrence or are alive.

IX. Clinical Remarks

Clinical investigations are beyond the limit of this survey and only a few remarks will be
given especially to the diagnostic procedures to which pathologists can contribute. The
methods, classical as well as new, for diagnosing gastric cancer are the same for all stages
of the disease, but have for egc been brought to perfection.
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Radiological examination has succeeded in demonstrating superficial and small early cancers
in the western world for years (Prévot, 1937; Golden and Stout, 1948; Grogg, 1956; Gut-
mann, 1956), but the extremely advanced level, reached by Japanese radiologists (Shirakabe
et al., 1968, 1971; Maruyama, 1971) is at least not common in Europe. Using double con-
trast (Kumakura, 1971) small and minute lesions of all kinds are demonstrated so clearly
that the X-ray photo resembles photos of pathological specimens.

Endoscopic examination is without any doubt the most important improvement. The tech-
nical progress of the modern fiber gastroscopes has made careful examination of every part
of the stomach wall possible. According to Miller and Kaufmann (1975) the basic material
for diagnosing 1170 egc in Europe was 317,816 endoscopic examinations. Rdsch (1970)
has reported on the diagnostic role of endoscopy for egc, and this is also mentioned in the
survey of Pedersen (1971) and by Whitehead (1973). Among the numerous Japanese works
the report of Takagi (1971) and of Kawai (1972) should be consulted.

Gastrocamera examination is a special type of endoscopy where a small camera is passed
into the stomach so that every part of the wall can be photographied. Its significance for
egc has been given especially by Sakita (1968) and Sakita and Oguro (1971). Gastrocamera
pictures of an unusually high quality are found in the book by Demling, Ottenjann and
Eister (1972). Unfortunately none of the pictures illustrate early gastric cancer, although
some of them are very close to it. Gastrocamera pictures play an important and exciting
role in the communication between pathologists and endoscopists.

Gastric cytology has for the diagnosis of egc been applied in different ways: 1) Ordinary
lavage cytology which is no longer used. 2) The abrasive balloon method still in use for
diagnosing type IIb lesions. 3) Lavage cytology under direct fiber gastroscopic observation,
where the washing solution is vigorously flushed out against the lesion under visual control,
is a very effective method (Kasugai, 1968; Kobayashi et al., 1969; Kasugai and Kobayashi,
1974). 4) Smear cytology, where small pieces of tissue are taken by fiber gastroscopy and
smeared out on slides, should according to Shida (1971) be an excellent method for diag-
nosing minute egc. 5) Finally brush cytology (Kobayashi et al., 1970; Serck-Hanssen et

al., 1974) where a small brush is placed on a fiberscope and the lesion directly brushed,

has given very good results.

Fiber gastroscopic biopsies are the diagnostic procedure most intimately involving pathol-
ogists. The close similarity between polyps, papillomas, erosions, and ulcers and the dif-
ferent forms of egc has made the bioptical confirmation of the diagnosis urgently important.
I absolutely agree with the view of Hermanek (1973) that the diagnosis early cancer versus
advanced cancer cannot be made by biopsies. Nevertheless, these may give the experienced
pathologist reason to believe that an early cancer is a possibility. He can therefore ensure
that he gets the specimen fresh for proper photography, pinning up and fixation.

On the other hand I do not agree with Hermanek (1973) that classification of carcinomas
on the basis of biopsies should be avoided. On the contrary, if a gastric ulcer not suspicious
to the clinician has been examined by biopsies and e.g. only one biopsy of seven has shown
carcinoma, it is understandable that the clinician should want frozen sections for confirma-
tion of the diagnosis. In such cases knowledge of the histological type will facilitate this
procedure considerably. Correlation between the histological diagnosis of biopsies and of



40

the egc themselves has been carried out by Elster et al. (1975) who found good correlation,
especially between highly differentiated adenocarcinomas and signet ring cell carcinomas.

The diagnostic accuracy of fiber gastroscopic biopsies is high. According to Takemoto et al.
(1971) the percentages of cases diagnosed as early gastric cancers through biopsy is reported
to reach 95-97.5 per cent in Japan. Kasugai and Kobayashi (1974) found correct positive
diagnoses in 98.3 per cent of 238 egc. According to the investigation of Miller and Kaufmann
(1975) egc in 578 patients were diagnosed by endoscopic biopsies with an accuracy of 90 per
cent. The best result was obtained from type Ilc and III lesions. Moreover, this authors in
contrast to others (Johansen and Sikjdr, 1975) found a positive relationship between the
diagnostic significance and the number of biopsies up to 12 per examination.

Author’s material: Only 19 patients underwent fiber gastroscopic biopsy examination,

since this procedure first was regularly used from 1970. On the first examination one or
several biopsies from 16 patients showed carcinoma, from two patients the biopsies demon-
strated precancerous changes, but no invasive carcinoma, and all the biopsies from one pa-
tient showed benign conditions. The three last mentioned examinations were repeated,

and carcinoma was disclosed in two of them, but the third still showed precancerous changes.
This carcinoma was type I.

X. Conlusion

In conclusion it can be said that egc occurs with a frequency great enough to make the
knowledge of its pathology very essential to every pathologist. It demonstrates some rather
well defined macroscopic types, is often multifocal and, although most common in pyloric
or intermediary zone mucosa at the lesser curvature, it is sometimes seen in body and fundic
mucosa. It measures from a few milimeters to several centimeters. Its histological picture
range from highly differentiated to completely undifferentiated forms and it may develop
from ordinary as well as from intestinalized mucosa. When surgically treated its prognosis

is excellent even if lymph node metastases are present.

As mentioned several times egc is a stage of the development of ordinary gastric carcinoma.
Between precancerous changes — which will not be discussed here — and early invasive car-
cinoma, transitions are often met, and it might be difficult to determine whether invasion
into the lamina propria has taken place, especially for highly differentiated carcinomas. On
the other hand, every pathologist, searching for egc, has experienced that a few additional
sections from a block have forced him to reject the case as an early cancer and transfer it
to the large group of advanced cancers. In this connection the important question should
be asked: Do the different forms of egc mentioned in the survey represent early stages of
all types of advanced cancer, or are they some special, slowly progressive forms, which
seldom or never give rise to remote metastases? The question is applicable to other regions
of the body. It has been commented on by Okabe (1971) who investigated the duration of
symptoms and the growing and invading patterns of early as well as of advanced cancer. He
reached the conclusion that two forms of gastric cancer exist. One which grows and invades
rapidly and insidiously without symptoms before distant metastases are present. The type
IIa + IIc might be the only known early stage of this form. And another more slowly grow-
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ing form often detectable in its early stage. Especially type Ilc + I1I belongs to this group
and is by Okabe considered as a type of carcinoma which remains in an early stage for
years. Unfortunately this type of carcinoma accounts for only 10 per cent of gastric
cancers.

The study of Okabe (1971) ist thought-provoking, but is based on macroscopic types

and tumour size studies. It does not take the histological pattern into consideration. To
the author it is relevant that all degrees of differentiation and all histological types met in
advanced gastric cancer, also are found in the early types. Even completely undifferenti-
ated forms demonstrate many years of survival if treated in the early stage. If some gastric
carcinomas grow extremely fast I think the explanation shall be found more in the host
reaction than in the epithelial tumour tissue. Host reaction in gastric cancer has been in-
vestigated (Larmi and Saxén, 1963; Hawley et al., 1970) but egc would offer a good op-
portunity for further study of this phenomenon.
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Coeliac disease is a malabsorption syndrome which is associated with subtotal villous
atrophy in the jejunal mucosa due to the damaging effect of wheat gluten in susceptible
members of the population. It occurs in children or adults in an overt symptomatic form
or as an occult disorder which manifests itself through the development of complications.
Introduction of a gluten free diet leads to restoration of a normal villous pattern in the
jejunum and to an improvement in the patients general health although there is always a
risk of relapse caused by failure to adhere to a strict gluten free diet or alternatively sig-
nalling the development of complications.
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Children suffering from proven coeliac disease respond rapidly to a gluten free diet and

it is rare to encounter an incomplete response or resistance to treatment. Adult subjects,
however, respond more slowly to a gluten free diet and, in about 10% of the cases, there
is an incomplete response or a total failure to respond to such treatment. Steroid therapy
or elimination of milk from the diet may promote a satisfactory response in some patients.
Failure to respond suggests the presence of serious complications of the disease. There is,
however, disagreement regarding the recognition and classification of resistant cases of
coeliac disease since they cannot be described as suffering from gluten sensitive entero-
pathy and this group requires further documentation and more detailed study.

The term “idiopathic’ steatorrhoea is still useful to classify patients with the coeliac mal-
absorption syndrome who have not had a diagnostic jejunal biopsy. Certain patients refuse
jejunal biopsy procedure or are unable to tolerate the tube and in other cases, the capsule
fails to produce a diagnostic biopsy. If such patients are treated with a gluten free diet, it
is desirable that further steps should be taken to substantiate the diagnosis “if the patients
state of health” allows the reintroduction of gluten into the diet as a test procedure other-
wise such patients will be condemned to a life long regime on inadequate grounds.

I. Interpretation of Jejunal Biopsies

A single jejunal biopsy can be obtained by the Crosby biopsy capsule or multiple biopsies
can be obtained with the Rubin tube of other instruments. The biopsies should be spread
out flat on single weight cardboard preferably black or dark in colour to provide contrast
and immersed in 10% formal saline. Dissecting microscope examination should then be
carried out, and if possible black and white photographs or colour transparencies should
be taken of the biopsies. It is important that the histopathologist who is going to assess
and report on the histological sections should observe the dissecting microscope appearances
himself and not rely on the observations of others since there may be some variation in ob-
server interpretation. The jejunal biopsies are then carefully processed, embedded in paraf-
fin wax and cut in a vertical plane with the biopsy orientated so that the villous surface is
uppermost. Oblique or tangential section cutting must be avoided or it will lead to mis-
interpretation. Step sections or serial sections are prepared, stained with haematoxylin

and eosin and by a variety of other stains if necessary e.g., P.A.S. technique, van Gieson
stain, Perl’s technique etc.

Jejunal biopsies for histochemical examination should be sent without fixative to the
pathologist with a minimum of delay. Ice cooled containers can be made available for
the purpose to minimise loss of enzymatic activity. Cryostat sections are prepared for
such investigations.

Biopsies for electron microscope studies are placed in methacrylate or other suitable
fixative and sent to the pathologist without delay.

Multiple biopsy procedure is preferable to single biopsy technique since it allows for
patchy involvement of the mucosa and there is therefore less risk of misinterpreation
or failure to diagnose coeliac disease.
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Dissecting microscope photographs can be filed in the patients case notes and it is desirable
that further biopsies should be taken after gluten withdrawal documenting the response to
treatment.

II. Dissecting Microscope

Valuable information can be gained by examination at different magnifications. Normal
digitate and leaf villi are immediately obvious and help to exclude a diagnosis of coeliac
disease. Identification of digitate and leaf villi in a coeliac patient after introduction of
a gluten free diet indicates a satisfactory response (Fig. 1).

Fig. 1. Dissecting microscope view of digitate and leaf villi

The presence of ridges indicates mild abnormality of the mucosa since they are frequently
found in immigrant subjects almost as a normal variation or in white subjects who have
slight disease in other systems. Ridges usually coexist with digitate and leaf villi representing,
Grade 1 abnormality associated with minor morphological changes (Fig. 2).

Convolutions resembling the gyri of the cerebral cortex indicates an abnormal mucosa and
suggest a differential diagnosis of various disease entities such as coeliac disease, Crohn’s
disease, tropical sprue, post gastrectomy syndrome, Zollinger-Ellison syndrome etc. The
presence of convolutions indicate Grade 2 or Grade 3 abnormality corresponding with
partial or subtotal villous atrophy. Convolutions may coexist with ridges, leaf or digitate
villi or even with flat mucosa. Low convolutions are seen in adult coeliac disease and they
may be complicated with a mosaic pattern (Figs. 3 and 4).
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Fig. 2. Dissecting microscope view of Grade 1 abnormality with ridges, digitate and leaf villi

Fig. 3. Dissecting microscope view of convolutions

A flat mucosa (Fig. 5) with or without a mosaic pattern is characteristic of coeliac disease
and such biopsies may also show low convolutions. Flat jejunal biopsies are rarely obtained
in other disease entities such as tropical sprue, Crohn’s disease, Whipple’s disease etc.
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Fig. 4. Dissecting microscope view of convolutions with mosaic pattern

Fig. 5. Dissecting microscope view of flat mosaic jejunal biopsy, Grade 3 abnormality

Balloon villi are encountered in Whipple’s disease, lymphangiectasia and Crohn’s disease
and immediately suggest a differential diagnosis at this stage of the investigation. Pedun-
culated lymph follicles occur in the mucosal surface in hypogammaglobulinaemia. Poly-
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poid elevations are encountered in juvenile polyposis coli and in the Canada-Cronkhite
syndrome.

It should be emphasised that there are certain problems of identification with jejunal
biopsies which have undermined the confidence of occasional observers. Gastric biopsies
often show a flat surface with or without mosaic elevations and they frequently show
convolutions. Oesophageal biopsies may also appear flat or convoluted.

II1. Histology

In our gastro-enterological unit, we have used a simple grading system which takes into
account dissecting microscope appearances and histological changes (Table 1).

Table 1. Classification

Grading Dissecting Microscopy Histology

Normal Digitate villi Normal villous pattern

Grade 1 abnormality Ridges, leaf and digitate villi. Minor morphological abnormal-
Occasional convolutions ities.

Grade 2 abnormality Convolutions, ridges, leaf Partial villous atrophy

and digitate villi

Grade 3 abnormality Flat or convoluted mucosa with Subtotal villous atrophy
or without mosaic pattern

Grade 1 represents minor morphological abnormality with slight alteration of the villous
pattern.

Grade 2 represents partial villous atrophy and it is characterised by blunting and bridging
of villi sometimes associated with abnormal surface epithelium and increased numbers of
inflammatory cells in the lamina propria. Biopsies in this grade are not diagnostic of coeliac
disease unless accompanied by the characteristic changes in the surface epithelium (Fig. 8).

Cell counts also assist in the interpretation of biopsies in this Grade. It, frequently, becomes
necessary, however, to repeat the biopsy to resolve the diagnostic problem. I recall two
cases in which the diagnosis remained uncertain. The first was a patient who presented

with rapidly progressive malabsorption syndrome and marked weight loss. Two consecut-
tive jejunal biopsies showed Grade 2 abnormality. A diagnosis of coeliac disease was not
established. Death occurred 4 weeks later and revealed malignant lymphoma of the second
part of the duodenum in the form of reticulum cell sarcoma. Careful examination. of jejunal
mucosa at necropsy revealed no evidence of flat or mosaic pattern and it was therefore con-
cluded that this was not a case of adult coeliac disease. The second patient also had two
separate jejunal biopsies which showed Grade 2 abnormality. Cell counts suggested that

he had coeliac disease. He refused further jejunal biopsies and the physician started him

on a gluten free diet which was followed by a good clinical response.
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Grade 3 abnormality (Figs. 6 and 7) is diagnostic of coeliac disease corresponding to sub-
total villous atrophy. Crypt hyperplasia is a prominent feature and the surface epithelium
is more cuboidal than normal and also more cellular than normal with lymphocytes emi-
grating through the epithelium. There is an increased number of chronic inflammatory

Fig. 6. Grade 3 abnormality representing subtotal villous abnormality

Fig. 7. Grade 3 abnormality showing abnormal surface epithelium which is more cellular than normal
and also more cuboidal than normal
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cells in the lamina propria including lymphocytes, plasma cells, eosinophils and histio-
cytes. In approximately one third of cases of untreated adult coeliac disease there is a
narrow, eosinophilic subepithelial zone of hyalin which stains red like collagen with the
van Gieson stain. This hyalin zone disappears with restoration of a normal villous pattern
on a gluten free diet. The term “collagenous sprue” used for this variety by Weinstein et
al. (1970) should be abandoned since there is no convincing evidence that presence of
hyalin makes any difference to the natural course of the disease. Occasional crypts are
encountered undergoing dissolution with a leucocytic inflammatory reaction and occasional
inflammatory erosions occur on the surface. Lymphoid hyperplasia with lymph follicles
bearing germ centres is occasionally seen and should not be confused with malignant lym-
phoma. Slight fibrosis is occasionally encountered in the lamina propria particularly in pa-
tients with a history of ulceration. Paneth cell granules are normally visible in the base of
the crypts of Lieberkuhn but their absence makes no difference to the clinical course.
Mitoses are more numerous than normal in the crypts of Lieberkuhn.

Histological measurements of jejunal mucosa using either a grid or linear occular micro-
meter calibrated against a stage micrometer provide useful formation for comparative
studies. Roy-Choudhury et al. (1966) carried out a survey of these measurements in our
gastro-enterological unit as outlined in Table 2. Shiner and Doniach (1960), Rubin et al.
(1960), Chako et al. (1961), Madanagopalan et al. (1965), Jos (1962), Sheehy and Floch
(1964), Stewart et al. (1967), and Vogel (1971) have also assessed these parameters. Dunnill
and Whitehead (1972) have devised a method for quantitating the surface area to volume
ratio in jejunal biopsies. Chapman et al. (1974) introduced a modification of the technique
of colour television image analysis to measure the areas occupied by the surface and crypt
epithelium respectively in histological sections of jejunal mucosa. Meinhard et al. (1975)
introduced computer card morphometry.

Table 2. Histological measurements of jejunal mucosa

Category Number Number Height u Breadth u Mucosal thickness

of of

subjects  villi Mean Range  Mean Range  Mean Range

1
2
3

ES

. Normal controls 25 350 427152 287-650 13731 87-215 150  85-205

. Grade 1 40 300 322 250-350 150 85-220 190 175-275

. Grade Il A.C.D. 23 175 250 100-300 190 150-250 265 250-320

. Grade III A.C.D. (a) 29 - 120 100-150 - - 375 300480
(b) 35 - - - - - 447 375-590

. R.E. jejunal 34 470 348%122 125-175 155465 75410 - -

. Post-gastrectomy 25 370 409+110 125-750 13740  60-310 — -

. Pernicious anaemia 10 130 416 312-540 131 87-175 156 -

. Folic deficiency 10 135 418 287-589 127 88-176 158 —

. Pancreatitis 7 120 396 290-570 139 85-200 166 —

Cytokinetic studies have been carried out in the jejunal mucosa by Wright et al. (1972, 1973,
1974) and Watson and Wright (1974) by measuring the incidence of mitotic figures at each
cell position in a statistically adequate number of crypts. Application of a stathmokinetic



57

or metaphase direct technique with Vincristine in coeliac patients and control subjects re-
vealed that the raised mitotic index was due to increased rate of cell division with a cell
cycle time which is more than halved as compared with control values. The cytokinetic
observations also apply to the coeliac situation in dermatitis herpetiformis.

Table 3. Cell counts

Total cells Plasma Cells Lymphocytes

Lamina propria Epithelium

Controls Mean 5.702 1.974 1.948 42

SD 1.068 620 526 12
Adult Coeliac Disease Mean 13.412 10.498 1.172 134
Normal diet SD 2.134 1.592 514 40
Gluten-free diet Mean 9.584 6.148 2.004 94

SD 1.072 1.840 846 39
Controls
v p <0.001 <0.001 <0.01 <0.001
Adult Coeliac Disease (normal diet)
Controls
v p <0.001 <0.001 NS <0.001
Adult Coeliac Disease

(Gluten free diet)

Adult Coeliac Disease
(normal diet)
v p <0.001 <0.001 <0.01 <0.05

Adult Coeliac Disease
(Gluten free diet)

Cell count studies in our gastroenterological unit carried out by Holmes (1973), Stokes et

al. (1974), Ferguson et al. (1974) have yielded interesting information (Table 3). Chronic
inflammatory cells including lymphocytes, plasma cells, eosinophils and histiocytes are
increased in the lamina propria in untreated coeliac disease. The cell counts fail with the
introduction of a gluten free diet. There was a statistically significant increased mean plasma
cell count in jejunal biopsies from normal-diet coeliacs compared with controls P < 0.001
and although a significant fall occurred in the mean counts in patients after gluten withdraw-
al P < 0.001, the counts still remained above normal P < 0.001 in some instances even after
9 years on a gluten free diet. With reference to the mean lymphocyte counts there was a
reduction in these cells compared with controls P < 0.01 but following gluten withdrawal
the counts actually rose until there was no significant difference. The intra-epithelial lympho-
cytes were increased in normal-diet patients compared with controls P < 0.001 and fell after
gluten withdrawal P < 0.05 but usually remained abnormal even though the patients had
been on a gluten free diet for several years. Lancaster-Smith et al. (1975) have demonstrated
an increase in jejunal plasma cells following gluten challenge in adult coeliac disease and der-
matitis herpetiformis. Eosinophils also increase in lamina propria following gluten challenge.
The jejunal cellular infiltrate in coeliac disease complicated by lymphoma differs from un-
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treated coeliac disease in that there are lower plasma cell counts and higher lymphocyte
counts in the lamina propria and lower lymphocyte counts in the epithelium for periods
up to 5 years before the diagnosis of lymphoma is made. The counts are still abnormal
compared to control cases.

Electron microscope abnormalities in coeliac disease have been documented by Shiner
(1974) and scanning electron microscope changes have been described by Asquith et al.
(1970) and Marsh (1972).

1. Surgical Specimens

Biopsies obtained during laparotomy should be treated in the same way as other jejunal
biopsies. The mucosa often curls up due to retraction of the muscularis mucosae with
rugosity of the mucosa and pinning out and stretching the mucosa may become necessary.
The histological appearances of surgical biopsies appear different in the thickness and ar-
chitecture from capsule biopsies.

Surgical specimens present similar problems. The specimen should be opened immediately
after removal and pinned out on a flat surface to ensure adequate fixation of the mucosa.
It is very important to examine surgical resection specimens of jejunum under the dissect-
ing microscope since undiagnosed coeliac disease can be recognised in this way. This applies
especially to carcinoma cases from surgical units. I have encountered 2 cases of carcinoma,
one in the jejunum and the other in the ampullary region of the duodenum which were as-
sociated with flat mucosa in the jejunum. These patients had occult coeliac disease and
both died from malignancy despite institution of a gluten free diet.

2. Necropsy Studies

These are important to confirm the clinical diagnosis of adult coeliac disease and assess the
response to treatment, to exclude other possible causes of malabsorption and to inquire into
the incidence of neoplasia, ulceration, strictures, diaphragms and other complications.

Two main techniques can be utilised for preserving the small intestine:

1. The intact small intestine is removed, filled and distended with 10% formalin solution
and tied off at both ends. After fixation for 24 h, the specimen is opened and examined.

2. When adhesions or a perforation is present then it is necessary to open the small intestine
immediately and immerse it in a large container filled with 10% formalin for 24 h.

The best preservation is obtained when necropsy is carried out within 2-4 h of death. Mini-
mal autolysis occurs within this time and the dissecting microscope and histological changes
have considerable clinico-pathological significance as shown by Thompson (1974) in studies
from our gastro-enterological unit (Table 4).

The specimens provide an excellent opportunity to examine the entire mucosa from the
pylorus to the ileo-caecal valve (Figs. 8-11). Unsuspected malignant disease is frequently
brought to light particularly when detailed histological studies are carried out.
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Fig. 8. Grade 2 abnormality with convolutions

Fig. 9. Dissecting microscope view of flat mosaic mucosa in necropsy specimen

3. Mucosal Changes in Adult Coeliac Disease

In untreated coeliac disease, the upper third of the small intestine i.e., jejunum and duode-
num, are covered by flat mucosa or low convolutions with or without a mosaic pattern.
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Fig. 10. Dissecting microscope view of convolutions in necropsy specimen

Fig. 11. Grade 3 abnormality representing subtotal villous atrophy in necropsy specimen

Histologically the appearances correspond to subtotal villous atrophy and partial villous
atrophy i.e., Grade 3 and Grade 2 abnormality. Flat and convolut_e'd mucosa may alternate
particularly in transitional zones. The edges of the vulvulae conniventes usually show con-
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volutions but sometimes the mucosa is flat. Digitate and leaf villi with ridges may occur in
localised areas in the upper third of the small intestine even in untreated coeliac disease
and this can be confusing in diagnosis.

The middle third of the small intestine in untreated coeliac disease usually shows convolu-
tions merging into leaf villi and ridges at the lower end. Digitate villi may also be present
appearing frequently half way along this segment. Flat mucosa may extend into the middle
third and may alternate with convolutions.

The distal third of the small intestine usually shows digitate and leaf villi. Occasionally con-
volutions and even flat mucosa extends down to the ileocaecal valve. The villi in the terminal
ileum tend to be smaller in size.

The occurrence of localised areas of digitate and leaf villi with ridges in the jejunum may
cause diagnostic difficulties. Roy-Choudhury et al. (1967) in multiple biopsies encountered
digitate villi in 3.4% of the biopsies. If only one biopsy is taken then there is a risk of missing
a diagnosis of adult coeliac disease. In one of our cases of adult coeliac disease coming to
necropsy, a random sample of jejunal mucosa revealed digitate and leaf villi but more de-
tailed examination of the rest of the specimen after fixation revealed extensive distribution
of flat and convoluted mucosa. If multiple biopsies are taken then there is less risk of missing
the diagnosis since, even if digitate and leaf villi are sampled one of the other biopsies usu-
ally shows convolutions or flat mucosa indicating coeliac disease. The patchy distribution

of the mucosal changes has also been confirmed by Scott and Losowsky (1975) in adult
coeliac disease and by Fry (1974) in dermatitis herpetiformis.

The distribution of the coeliac lesion in Thompson’s series with flat or convoluted mucosa
extended to involve up to 70% of the mucosal surface of the small intestine. Low convolu-
tions were encountered in the terminal ileum in one untreated case.

The mucosal changes after institution of a gluten free diet are much less extensive. In some
cases, the villous pattern returns to complete normality. In other cases Grade 1 abnormality
or convolutions and flat areas persist. In a few cases the mucosa remains flat or convoluted
indicating that there has been no response to a gluten free diet.

Out of 18 cases treated with a gluten free diet in Thompson’s series, only 6 showed no
evidence of residual flat mucosa and only one had complete restoration of a normal villous
pattern. Convolutions persisted in 5 cases with Grade 2 abnormality involving up to 69%
of the mucosa. Three cases showed a poor response to a gluten free diet and could be de-
scribed as resistant cases of adult coeliac disease. Persistance of villous abnormalities in
these cases strongly suggests that gluten has not been completely eliminated from the diet.
It is extremely difficult for coeliac patients to keep to a strict gluten free diet when social-
ising with friends at dinners, receptions, celebrations etc., or even during periods of illness.
It is also probable that certain dietary products, which are said to be gluten free, may con-
tain small amounts of gluten. Moreover it is possible that gliadin in other cereals may dam-
age the intestinal mucosa. The development of serious complications can also lead to a
relapse.

Cytokinetic studies on the jejunal mucosa indicate that enteroblastic hyperplasia occurs
in coeliac disease with a more rapid turnover of cells than in the normal subject. Pink, Croft
and Creamer (1972) assessed the rate of cell loss by measurement of DNA in the washings
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from perfused segments of small bowel and concluded that patients with untreated coeliac
disease showed a sixfold increase over the normal rate. According to Watson and Wright
(1974) the large increase in the rate of cell production in untreated coeliac disease is at-
tributable to a three fold increase in the number of proliferating cells and to a doubling

of the rate of cell division.

Pink and Creamer (1967) have described a group of patients with coeliac disease who
showed low mitotic indices and Barry, Morris and Read (1970) have also reported a sim-
ilar case. Crypt hypoplastic villous atrophy has also been described in association with un-
treated pernicious anaemia by Pena et al. (1972).

Documentation of cases of crypt hypoplasia is still not completely convincing and there
is insufficient evidence that it constitutes a significant subgroup.

Introduction of a gluten free diet leads to restoration of a relatively normal villous pattern.
The response is more rapid in children than in adults. McNeish and Anderson (1974) have
seen complete reversal of all histological abnormalities within 3 months of gluten withdraw-
al. However at the discussion of the ESPGA (Meeuweisse, 1970) several workers stated that
normalisation of the jejunal mucosa might take 1 or 2 years. I have also seen rapid response
in adults with normal biopsies becoming available within 3-6 months. Stewart (1965), how-
ever, comments that adults on a really strict diet usually achieve normal leafy villi within

2 or 3 years, often sooner. Generally, however, response occurs within one year. The mucosa
frequently becomes convoluted during the normalisation process but villi can appear without
a preceeding convoluted stage. Further studies on the response to a gluten free diet are clear-
ly desirable taking into account clinical parameters, enzyme histochemistry, cell counts,
dissecting microscope appearances on follow-up biopsies and necropsy studies. Gluten chal-
lenge studies should also be taken into account-and assessment of immunological depression
with lymphoreticular atrophy requires consideration.

Resistant cases of coeliac disease require intensive study to elucidate the aetiology of the
disease. The possibility of irreversibility of the mucosal changes must be considered. Steroid
therapy, elimination of milk or eggs as described by Cooke (1968), treatment of complica-
tions such as strictures by surgical resection or surgical treatment of malignant disease may
be needed. The time factor in assessing failure of response can perhaps only be decided by
the observation of progressive clinical deterioration. The possibility of hypersensitivity to
other cereal proteins should also be considered in such cases.

IV. Complications
1. Malignancy

Malignant lymphoma was demonstrated in 13 of our 31 necropsy cases and has been de-
scribed by Harris et al. (1967) and Cooke (1968). The incidence in the clinical series was
approximately 7% and in the necropsy series approximately 42%. Many of these patients
have had coeliac disease for more than 20 years and some have been treated with a gluten
free diet. Other patients have had a short history of adult coeliac disease and it is probable
that coeliac disease had been present for many years in an occult or latent form.
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The tumour occurs as a multicentric lesion (Fig. 12) with circumferential ulcerating lesions,
nodular ulcerating lesions, small ulcers or nodules in the mucosa. Occasional more diffuse
infiltration occurs over short segments or the lesions may present as strictures. The tumour
may also present as a solitary lesion. In some cases there is no evidence of intestinal involve-
ment although malignant lymphoma was identified in the mesenteric lymph nodes, liver,
peritoneum or other lymph nodes. Occasionally the stomach is the site of malignant lym-
phoma.

Fig. 12.Ulcerated lesions of reticulum cell sarcoma

Ulceration and perforation of intestinal lesions is a serious hazard. Perforating lesions may
be difficult to differentiate from simple ulceration but the appearances of neoplastic reti-
culum cells infiltrating the muscularis propria at the edge of the perforation is a character-
istic feature although no solid tumour may be recognisable. Perforation may lead to gener-
alised peritonitis or to local abscess formation. Some of our cases of malignant lymphoma
could not have been detected without a postmortem examination.

In our series the primary site was identified as small intestine in 7 cases (jejunum 2, mid
ileumn 4, terminal ileum 1) stomach in one case and lymph nodes in 5 cases. Multiple lesions
were present in the gastrointestinal tract in 7 cases. Metastases were found in 10 cases. It

is particularly interesting that perforation occurred in 4 cases, in the necropsy series.

Clinical diagnosis of malignant lymphoma during life in our unit has been established on
lymph node biopsies, intestinal resection, partial gastrectomy, liver biopsy, diagnostic
cytology of peritoneal and pleural fluid, peritoneal biopsy and skin biopsy. Unexplained
clinical deterioration, relapse on a gluten free diet or failure to respond to a gluten free
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diet stimulates a search for enlarged or palpable lymph nodes and lymph node biopsy is
usually carried out as a preliminary step. Absence of enlarged glands and progressive dete-
rioration with an abnormal barium follow through may lead to exploratory laparotomy.
Liver biopsy is performed if there is hepatomegaly and effusions are examined for malignant
cells if detected. There is a general awareness in our unit of the risk of lymphoma and all
patients in the clinical series are carefully followed up and reviewed at intervals.

Patients with malignant lymphoma who have had a surgical resection or who have been
treated with cytotoxic drugs or radiation therapy may have no residual evidence of lym-
phoma at necropsy.

In 2 of our cases, there was persistent ulceration of the small intestine and it seems prob-
able that the neoplastic cells had been destroyed.

Histological studies show that the lymphoma is a reticulum cell sarcoma or histiocytic
lymphoma (Fig. 13). Gough,Reed and Naish (1962) and Austad (1967) however classified
some. of their cases as Hodgkin’s disease; Harris et al. (1967) described 10 cases as reticulum
cell sarcoma and 4 cases as Hodgkin’s disease with Reed Sternberg giant cells (Fig. 14). There
is therefore, some confusion in terminology. It should be emphasised that the natural histo-
ry of this type of lymphoma is more in keeping with that of reticulum cell sarcoma.

Fig. 13. Reticulum cell sarcoma

Most of the patients die from malignancy within 6 months to 2 years. The histological
picture may resemble Hodgkin’s disease with Reed Sternberg giant cells, eosinophils and
fibrosis but if we were encountering true Hodgkin’s disease then we would expect the
same kind of 5, 10, 15 and 20 year survival figures, which are found in that disease. We
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have only one survivor in our series and in that case lymphoma in glands in one side of the
neck was treated with excision and radiation therapy. This patient is still alive and well
14 years later with no evidence of residual lymphoma.

Fig. 14. Pleomorphic reticulum cell sarcoma in lymph nodes resembling Hodgkin’s disease

It is known that Reed Sternberg cells can occur in other lymphomas such as reticulum
cell sarcoma, Burkitt’slymphoma, mycosis fungoides, lymphosarcoma and even follicular
lymphoma. It seems advisable therefore to regard these tumours as reticulum cell sarcoma
unless further proof of Hodgkin’s disease is forthcoming.

Reticulum cell sarcoma usually shows evidence of reticulin production and occasionally
slight or moderate fibrosis. In some cases, there may be no evidence of reticulin formation
but the degree of nuclear pleomorphism enables one to classify the tumour as reticulum
cell sarcoma. Plasma cell differentiation is noteworthy in some of these lymphomas and

it is of particular interest that Brunt, Sircus and MacLean (1969) have reported two cases
of adult coeliac disease complicated by plasmacytosis of the small intestine. Plasma cells
normally develop from lymphocytes or from plasma cell precursors and it is of great inter-
est that plasma cell differentiation can occur in this variety of neoplasia since it provides

a link with the 1gA and 1g M plasma cells in the lamina propria in adult coeliac disease.
Malignancy may be associated with alteration in the serum immunoglobulin levels. I have
also seen one case of plasmacytoma associated with coeliac disease outside the present
series.

The nature of plasma cell differentiation is still undetermined since we are still uncertain
whether the reticulum cell sarcoma is derived from histiocytic cell origin — histiocytic
lymphoma or whether the reticulum cells represent activated lymphocytes undergoing
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blast transformation, which could of course develop into plasma cells if they are of B cell
origin. It is still uncertain whether any of these lymphomas show evidence of T or B cell
differentiation or whether a mixture of cells could be present. It is also significant that
reticulum cell sarcoma can emerge as a complication of a chain disease as reported by
Rambaud. We are considering these unresolved problems and hope to study each new
lymphoma with electron microscopy and immunological procedures.

With reference to clinical syndromes in relation to lymphoma it is interesting that one
patient showed the clinical features of mycosis fungoides d’emblee, one developed
Raynaud’s phenomenon and digital gangrene (fingers) and one patient presented with
lymphoma of the thyroid gland.

In one of our cases of untreated adult coeliac disease, I discovered a microscopic focus of
reticulum cell hyperplasia in the mucosa of the small intestine. The features suggested
that this was an early microscopic reticulum cell sarcoma. This particular patient also
had early carcinoma of the pyloric region of the stomach.

So far, I have not been impressed by premalignant changes in the lymph nodes and with
reference to pleomorphic reactive changes seen in lymph nodes in diverse clinical disorders,
e.g. theumatoid arthritis, toxoplasmosis, measles and hydantoin therapy I would regard
prelymphomatous changes as extremely dubious. It is true that certain lymphomas have

a long natural history e.g. mycosis fungoides, giant follicle lymphoma and Hodgkin’s dis-
ease but at the moment there is no evidence that this applies to lymphoma complicating
adult coeliac disease.

Non-coeliac lymphoma cases coming to necropsy in our Department have been considered
from the coeliac point of view and a sample of jejunal mucosa has been studied in each
case provided that postmortem autolysis was not too far advanced. None of these cases
have displayed any evidence of subtotal villous atrophy with Grade 3 abnormality and a
flat villous surface or low convolutions. Occasional lymphoma patients representing clin-
ically with lymphadenopathy have had a flat jejunal biopsy typical of coeliac disease. We
prefer to regard these cases as examples of occult adult coeliac disease complicated by
lymphoma.

Some of our lymphoma patients have demonstrated a satisfactory response to a gluten free
diet. Cooke et al. (1969) describe a patient with adult coeliac disease who responded to a
gluten free diet and then developed reticulum cell sarcoma of the stomach (malignant gra-
nuloma). Surgical jejunal biopsy and necropsy studies of the intestinal mucosa revealed no
evidence of residual flat mucosa or Grade 3 abnormality when she died 4 years later. The
histological appearances ranged from normal to Grade 1 abnormality with occasional smail
areas of Grade 2 abnormality. Two recent cases of adult coeliac disease complicated by
lymphoma have also shown a good histological response with a gluten free diet. A few of
our coeliac patients who were satisfactorily controlled with a gluten free diet showed clin-
ical deterioration and relapse when they developed malignant lymphoma and their jejunal
biopsy showed Grade 2 and Grade 3 abnormality. Strict attention to their gluten free diet
led to improvement in the villous pattern although Grade 1 abnormality and patches of
Grade 2 abnormality persisted in some patients. Since most of the lymphoma patients
died within 6-12 months there has not been sufficient time to study the response to a
gluten free diet to our satisfaction. Radiation therapy and cytotoxic drug therapy, more-
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over, have been used in treatment and it appears probable that therapy alone could have
been responsible for persistence of Grade 1 and Grade 2 abnormality in some of these
cases.

Squamous carcinoma of the oesophagus is a recognised complication and we have con-
firmed this in one of our necropsy cases. We have also encountered carcinoma of the sto-
mach, colon, rectum, palate and tongue and also cancers of other sites. There were 5 car-
cinoma cases in the series of 31 necropsy cases. Harris et al. (1967) found that the inci-
dence of carcinoma of the gastrointestinal tract in a series of 202 cases of coeliac disease
was 6.4%. Carcinoma in other systems were also encountered.

The total incidence of malignancy reported by Harris was 31 cases in a series of 202 pa-
tients i.e., approximately 15%. The incidence of malignancy in the necropsy series is 18
out of 31 cases, i.e., approximately 58%. The high necropsy incidence is probably due

to the fact that coeliac patients developing complications are intensively studied in our
gastro-enterological unit while well controlled coeliac patients may die outside hospital
from heart attacks etc., and do not become available for necropsy examination. The factor
of selection is therefore important since if all coeliac patients were routinely subjected to
necropsy the total incidence of malignancy would probably be much lower.

Institution of a gluten free diet has reduced the incidence of carcinoma but malignant lym-
phoma remains a problem. Reticulum cell sarcoma developed in four patients who had
been on a gluten free diet, for 4, 7, 9 and 15 years respectively with a good clinical and
histological response.

Creamer (1964) suggested that coeliac disease was a complication of malignancy but there
is little evidence to support this contention. Many of our patients had a long history of
adult coeliac disease before developing malignancy. With reference to those patients with

a short history of adult coeliac disease and malignancy, it seems more likely to us that they
represent occult or unrecognised cases of adult coeliac disease. Observations in dermatitis
herpetiformis by Marks, Shuster and Watson (1966) show that the flat mucosal lesion can
exist in an occult manner and it is probable that adult coeliac disease is more common in
the community than most of us realise. The high incidence of malignancy suggests a defect
in immune surveillance or viral oncogenesis.

2. Ulceration and Strictures

Bayless et al. (1967) and Goulston (1965) have drawn attention to ulceration as a dangerous
complication of adult coeliac disease with a risk of perforation, haemorrhage, intestinal ob-
struction, relapse and clinical deterioration. I have studied 4 cases of ulceration and strictu-
res in patients with adult coeliac disease who presented with the features of subacute intesti-
nal obstruction and clinical deterioration (Figs. 15 and 16). Surgical resection was carried
out in 3 of the 4 cases and led to a dramatic improvement in their clinical state and a satis-
factory response to a gluten free diet. Another of our patients developed intestinal ulcera-
tion due to polyarteritis nodosa which resulted in fatal gastro-intestinal haemorrhage. Small
ulcers were encountered at necropsy in 5 out of 24 necropsy cases as an incidental finding.
Ischaemic ulceration of small intestine is responsible for some of these ulcers found at
autopsy.
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Fig. 15. Resected surgical specimen with ulceration in a patient with adult coeliac disease

Fig. 16. Multiple strictures associated with ulceration in patients with adult coeliac disease

Although the incidence of ulceration and strictures is low, Bayless (1967) and Goultson
(1965) recorded a high mortality rate of 75%. Our experience with 3 successful surgical
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resections is a strong argument for surgical intervention in patients at risk with such a high
mortality rate. Widespread ulceration of unknown aetiology was responsible for the death
of one of our coeliac patients in the necropsy series. Laparotomy had been performed on
this patient but resection was not carried out. Radiological examination may suggest the
presence of ulceration and strictures and jejunal biopsy occasionally shows erosion of the
mucosa.

All our surgically treated cases responded to a gluten free diet and there is indisputable
proof that they represent adult coeliac disease. The fatal case in the necropsy series failed
to respond to a gluten free diet over a period of one year during which there was progressive
clinical deterioration. This, therefore, was a resistant case of adult coeliac disease.

3. Mucosal Diaphragms

Two cases of adult coeliac disease associated with a series of diaphragms in the jejunum
and third part of the duodenum have presented surgical problems. Both patients had a
history of abdominal pain suggesting subacute obstruction. The first patient was found

to have an early carcinoma of the stomach. During the operation the obstructing dia-
phragms were discovered and surgical resection was performed. The second patient also
had diaphragms discovered during laparotomy, and although no resection was carried out,
a short circuit operation was performed. This patient died during the postoperative period.
The mucosal diaphragms (Fig. 17) are exaggerated valvulae conniventes and represent a
congenital anomaly. Non-obstructing mucosal diaphragms were identified in 3 other
necropsy cases. It is important that surgeons operating on these patients should be famil-
iar with mucosal diaphragms. Distinction between diaphragms and strictures can be diffi-
cult or impossible during laparotomy and it is then left to the pathologist to differentiate

Fig. 17. Mucosal diaphragms in adult coeliac disease
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between these two possibilities. Surgical resection specimens require to be opened very
carefully for identification of diaphragms in order to demonstrate the curtain-like fold
with definite evidence of narrowing of the lumen. Sacculation of the small intestine may
occur in the segments between diaphragms and strictures. The diaphragms may be distrib-
uted in pairs in such specimens.

4. Pigmentation

Brownish pigmentation of the small intestine is a prominent feature in untreated cases and
it may also be encountered in patients who have been on a gluten free diet. It was a feature
in 9 out of 24 of the necropsy cases. Histological study reveals brownish black lipofuscin
granules in the muscle cells of the muscularis propria particularly the external coat. The pig-
mentation is due to Vitamin E deficiency and this can be treated and reversed by a-toco-
pherol therapy. This type of “brown bowel” is not specific for coeliac disease since it may
be encountered in other malabsorption states such as Crohn’s disease or postgastrectomy
syndrome. Special stains such as P.A.S. technique show up the pigment. In these cases,

it is probable that muscle atrophy may also be present as in brown atrophy of the heart
and the role of autonomic neuropathy as described by Smith (1972) has still to be as-
sessed.

5. Lymphoreticular Atrophy

Lymphoreticular atrophy with a small spleen weighing under 100 g was noted in 13 out

of 31 necropsies. It is noteworthy that 4 patients with lymphoreticular atrophy developed
malignant lymphoma. Lymphoreticular atrophy has been documented as a complication
of adult coeliac disease by Martin and Bell (1965), McCarthy et al. (1966), Ferguson et al.
(1970) and by Marsh and Stewart (1970) and also as a complication of dermatitis herpeti-
formis by Pettit et al. (1972). It seems probable that there could be altered immunological
reactions in such patients. Small spleens weighing less than 100 g, however, are not uncom-
monly encountered at necropsy in elderly subjects who have neither coeliac disease nor
malignancy.

6. Associated Gastro-Intestinal Disease

Two cases of coincident ulcerative colitis and adult coeliac disease have been encountered
in the clinical series. One of these is included in the necropsy series. I have seen one case
of coincident Crohn’s disease and coeliac disease. A more recent case presented as inflam-
matory bowel disease with colonoscopic evidence of proctocolitis supported by multiple
biopsies. This patient was found to have adult coeliac disease complicated by malignant
lymphoma confirmed by jejunal biopsy and lymph node biopsy. The colonoscopic features
favoured a diagnosis of Crohn’s disease in the colon and the biopsies showed no evidence
of malignant disease. This patient died at home and autopsy studies were not carried out.
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7. Skin Eruptions

A significant proportion of patients with dermatitis herpetiformis have occult adult coeliac
disease. A number of patients in the clinical series have developed non-specific skin erup-
tions. One patient had eczematous skin lesions resembling mycosis fungoides d’emblee
which proved to be metastatic reticulum cell sarcoma.

8. Infection

Bronchopneumonia was a common terminal complication and was present at necropsy
in 15 out of 31 cases. The incidence of viral infections in association with lymphoreticular
atrophy would be of interest to us.

9. Volvulus

Two fatal cases have occurred in our necropsy series. In one patient the sigmoid colon had
undergone volvulus and in the other several loops of small intestine were involved. Death
occurred in both cases before surgery could be undertaken.

10. Metabolic Bone Disease

Osteomalacia is a recognised complication of coeliac disease with bone pain, bone tender-
ness and liability to develop fractures. Harris et al. (1970) reported on 47 case studies of
adult coeliac disease. Undecalcified sections of bone biopsies from the iliac crest are as-
sessed by measurement of osteoid seams and a point counting technique.

11. Neuropathy

Peripheral neuropathy, paraesthesia, epileptic-form attacks, depression and psychiatric
disorders occur in association with coeliac disease and have been documented by Cooke
and Smith (1966), Binder et al. (1967) and Hall (1968). Morris et al. (1970) indicate that
they may be the presenting features of coeliac disease and that they are not influenced
by gluten withdrawal and are not related to pyridoxine deficiency.

12. Fibrosing Alveolitis

An association between bird fancier’s lung and coeliac disease has recently been described
by Berril et al. (1975).

13. Anaemia

Iron deficiency anaemia and folate deficiency with megaloblastic anaemia may be present-
ing features of coeliac disease. Vit. B12 deficiency with megaloblastic anaemia is rare.

14. Aphthous Ulcers in the Mouth

Ferguson et al. (1975) described the detection of adult coeliac disease in patients attending
the Dental Hospital with aphthous ulceration in the mouth. Cell count studies have been
carried out on jejunal biopsies and on biopsies of the ulcers.
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In all papers dealing with polyps of the gastro-intestinal tract the term polyp is defined

in the introductory remarks. Mucosal prominences of different size and shape are called
polyps. Therefore this word can only be used as a preliminary clinical “working diagnosis.”
When Morson (1972) complains that the uncritical use of the term polyp is the cause of
our poor knowledge of benign neoplasias of the stomach, this is due to the fact that even
pathologists use the word polyp as a diagnostic term or at least as part of one. The histol-
ogic findings often remain subordinate as descriptive adjectives. This misinterpretation can
be counteracted if the histologic structure and the pathogenesis are the basis for the nomen-
clature of gastric polyps. This is not new because it corresponds with Morson’s (1962) cri-
teria for the histologic classification of colonic polyps. Actually in making histologic clas-
sifications this analogous thinking may lead to uncertainty (Eister, 1974). Gastric polyps
have a different histogenesis compared with large bowel polyps so that one cannot expect
mucosal polyps in the stomach to grow the same way as in the colon. Neglect of this fact
has, in my opinion, not only led to confusion in terminology but also to clinical misinter-
pretation (Monaco et al., 1962; Nakamura, 1970; Jansen, 1974; Nagayo, 1975).

The following histologic classification is based on these considerations and is oriented
primarily to problems in clinical gastroenterology. It is not necessary to reject the term
polyp, only to restrict it to its clinical meaning.
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I. Criteria for Classification
1. Size and Shape

The macroscopic pattern, which means the size and shape of the polyp, has played and
still plays an important role (Nakamura, 1970; Kawai et al., 1970). With the introduction
of endoscopic polypectomy these criteria only have significance with regard to the techni-
cal problems of the therapeutic procedures. For example, the stalked polyp may be re-
moved by snare during endoscopy and will not pose any problems whereas the larger broad-
based polypoid lesion has to be treated surgically. Subtle measurements of the diameter
of a polyp, which are supposedly informative of possible “malignant degeneration”, are
irrelevant.

Fig. 1. Socalled inflammatory fibroid polyp: spiraling and layered ordering of the cell structure with
small spindle-like nuclei, localized mainly in basal part of mucosa and submucosa. H&E x 45
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2. Pathogenesis

A grouping of colon polyps in the light of their pathogenesis has proved suitable for the
study of malignant transformation and this should also be tried for gastric polypoid lesions.
It is necessary to separate hyperplasia from true neoplasia, which means that the hyper-
plastic polypoid lesion must be differentiated from benign epithelial growths of the gastric
mucosa. The significance of polypoid hamartomas of the stomach will be discussed below.

3. Histologic Structure

Classification of the histologic structure and cellular pattern should also include the non-
epithelial polyps. However, the connective tissue of the gastric mucosa has no special fea-
tures and gastric polyps of this kind can therefore be excluded in this paper.

An exception in regard to mesenchymal polyps is the so-called inflammatory fibroid polyp.
It is only seen in the stomach and is a connective tissue nonneoplastic process. It has been
suggested that it may have a neurogenic origin (Goldman et al., 1967); in addition, a patho-
genetic relationship to eosinophilic granuloma of the stomach has been considered (Wanke,
1971) (Fig. 1).

When epithelial polyps, independent of their hyperplastic or neoplastic origin, are defined

as proliferation of gastric mucosal epithelium, the question of the type of epithelium and
thereby their histogenesis has to be considered for purposes of classification. Here the de-
cisive difference emerges in contrast to the classification of colonic polyps. The manifold
structure of the gastric mucosa not only depends on the different topography of the cardiac,
fundic, antral, and pyloric mucosa but also on the different mucosal layers. The tissue of
origin of a polyp can be the surface epithelium, the glandular neck (foveolar) region, the
gastric glands, or combinations of several types of epithelia.

II. Practical Application of the Theoretical Basis for Histologic Classification
1. Foveolar (Focal) Hyperplasia

If an epithelial proliferative process originates from the foveolae or the surface of the
gastric crests, the pattern of foveolar hyperplasia results. The pits are elongated and the
crests adopt a papillary structure (Fig. 2). Endoscopically a small, at most a bean-sized,
broad-based polyp is seen. Sometimes, especially in the antrum, the histologic equivalent
of this polyp is the inflammatory reactive foveolar hyperplasia of chronic or “complete”
erosions (Fig. 3). The type II polyp of Nakamura (1970) corresponds to this pattern.
Also the regenerative process of healing ulcers and erosions is often accompanied by fo-
veolar hyperplasia and a variety of circumstances can thus lead to the development of
these polyps. When the cellular inflammatory reaction has completely subsided the focal
hyperplasia may persist forming a “polyp”’. The “inflammatory reactive” or “inflamma-
tory hyperplastic polyp and the pseudopolyp of the older literature can be grouped to-
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Fig. 2. Foveolar (focal) hyperplasia; deep elongated winding and branching pits; high cylindric epi-
thelium, no inflammatory infiltration. H&E x 150

gether here. The excessive foveolar proliferation seen in Ménétrier’s disease is more than
an “inflammatory reaction.” In the neighbourhood of tumors, especially of submucosal
lesions, foveolar hyperplasia is not an unusual finding (Fig. 4). It is here in a pure form
because the tunica propria is not infiltrated by inflammatory cells; no epithelial alteration
is seen. This may be the reason why this lesion has commonly been called “hyperplastic
polyp.” The term could lead to misinterpretation, since the same name has been applied
to a colonic polyp. The hyperplastic polyp of the large bowel is however organotypical
and shows a characteristic histologic pattern which is determined by altered cell kinetics
(Wiebecke et al., 1969; Hayashi et al., 1974). The term focal foveolar hyperplasia, as a
descriptive finding, is therefore more suitable for the definition of this type of gastric pol-
yp. In the classification of benign epithelial polyps of Ming (1973) this polyp is not in-
cluded. This can be explained by the fact that we are dealing with a reactive process and
not with a “true gastric polyp.” However, the clinical discovery of a polyp, whatever it
may be histologically, has to be defined by the pathologist. The presence of an epithelial
proliferation justifies the grouping under epithelial polyps.

2. The Hyperplasiogenous Polyp
If one classifies the various polyps by the type of epithelium from which they were gener-

ated, it is important to know the origin. It is conceivable that either epithelium of the sur-
face, of the foveolae, or of the glandular body may proliferate. Indeed this pattern of devel-
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Fig. 3. Foveolar (focal) hyperplasia with inflammatory cellular infiltration in lamina propria. Leuko-
cytic exudate within pit. Characteristic finding for border of chronic (complete) erosion. H&E x 150

opment is seen in the most common type of gastric polyps (Ming, 1973; Seifert and Elster,
1975) (Figs. 5 and 6). Histologically they are characterized by an irregular broadened con-
tour of pits and crests as is also seen in focal hyperplasia. The epithelium is strikingly cy-
lindrical; the nuclei are small and situated at the base. The elongated pits communicate
with glandular formations. They have epithelium of the foveolar type and are of variable
width. One should not assume that these glandular components develop from the gastric
glands (Fig. 7). Although between these groups of glands, which are commonly cystic,
cells of the gastric glands may be seen — depending on the topography — they show no
tendency to proliferate. The tunica propria is often edematous and loosened, and exhibits,
especially in the area close to the surface, profuse capillarization, occasionally resembling
an angioma. In addition, bundles of smooth muscle fibers are seen which are terminations
of a splintering and branching muscularis mucosae (Muto and Qota, 1970). In varying
density plasma cells with Russel bodies are demonstrable near the surface within the tunica
propria. The type of epithelium in the area of the hyperplastic foveolae can, however, vary,
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Fig. 4. Foveolar (focal) hyperplasia overlying small signet ring cell carcinoma. H&E x 180

so that occasional goblet cells are found; but the full pattern of intestinal metaplasia with
Paneth cells is not seen in this type of polyp (Fig. 8). Epithelial dedifferentiation with
flattened epithelium, intensive staining of the cytoplasm, and to a certain degree nuclear
pleomorphism is occasionally observed in the vicinity of erosive lesions with a marked in-
flammatory reaction. However, these changes never reach the intensity of a borderline
lesion.

This complex pattern resembles a hamartoma, but the classical definition of a faulty com-
postion or organ-specific tissue does not apply completely. The picture is determined by
the hyperplastic foveolae. The “adenomatous” formations also exhibit the basic structure
of foveolae, especially in regard to the type of epithelium. The cells of the gastric glands
are largely displaced and play no part in the histogenesis of the polyp. Under these circum-
stances, with the preponderance of hyperplastic components, we prefer to call this polyp
“hyperplasiogenous” (H.P.G.) (Elster, 1973). The terms hyperplastic-adenomatous polyp
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(Ming, 1973) or adenomatous polyp (Muto and Oota, 1970) do not indicate that this pol-
yp is very different from the “true” adenoma.

Fig. 5. Hyperplasiogenous polyp: macroscopic section. Dark border is hyperplastic component of
foveolar region, lighter center is cystic region. H&E x 10

Fig. 6. Hyperplasiogenous polyp section: smooth transition from superficial hyperplastic foveolae
to deeper glandlike formations. H&E x 10
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Fig. 7. Hyperplasiogenous polyp; superficial section with irregular deep pits, epithelium tall cylindrical.
In deeper layer occasional glands with similar epithelium. H&E x 120

In addition it must be emphasized that the H.P.G.-polyp has no counterpart in other parts
of the gastrointestinal tract and is thereby organotypical for the stomach. No comparison
can be made with the adenomatous polyp of the colon. This is especially important because
the H.P.G.-polyp of the stomach has no potential for malignant degeneration. If cellular
atypia caused by surface necrosis with attempted regeneration occurs, this has to be inter-
preted differently from the cellular atypia chracteristic of the adenomatous polyp of the
colon.

The intermediate position of the H.P.G.-polyp between hyperplasia and neoplasia is ex-
pressed by the fact that a tendency toward malignant degeneration is generally not ob-
served (excluding, of course, secundary erosive and inflammatory changes at the surface).
But there is an increased incidence of gastric carcinoma in patients with H.P.G.-polyps,
with no anatomical connection between polyp and tumor. It is difficult to comment on
this unusual “blastomatous potency’ of the polyp-bearing stomach because only a few
cases have been reported (Bdtticher et al., 1975). However, Roesch (1976) reported an



85

Fig. 8. Hyperplasiogenous polyp with goblet cells in epithelium. Intense capillarization of lamina pro-
pria; small disordered smooth muscle bundles are seen. H&E x 120

incidence of 18% H.P.G.-polyps in stomachs with an early gastric carcinoma and of 10%
in advanced carcinoma.

In summarizing, it has to be stressed that this common type of gastric polyp is character-
ized by special structural, cellular, and pathogenetic criteria. Ignorance of the pecularities
has not only led to misunderstandings in terminology of gastric polyps but also to mis-
interpretation.

3. The Adenomas

Two basic formations of the mucosa come under consideration with regard to the origin

of adenomas: the gastric glands and the regenerative zone of the glandular neck region. Thus
adenomas of different grades of differentiation can be expected. Proliferation of the gastric
glands in the fundic region is known in its diffuse form as the Zollinger-Ellison syndrome.
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Fig. 9. Adenoma-like lesion of pyloric glands, possibly only glandular hyperplasia. H&E x 8

Fig. 10. Adenoma of cardiac glands: basic glandular structure is intact. Papillary proliferation of
epithelium in glandular cysts. H&E x 10

Within the antrum, however, and especially in the prepyloric region, a proliferation of
mucoid glands with lobule formation is occasionally seen resulting in an adenoma-like
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lesion. Applying critical standards one has to confess that this could also be called hyper-
plasia, especially when encapsulation is lacking (Fig. 9). This is underlined by a complete
absence of dedifferentiation of the epithelium. One should, therefore, be very reluctant
to make a diagnosis of a highly dedifferentiated adenoma of the antral or pyloric region.
The same is true of the cardiac region (Fig. 10).

Fig. 11. Adenoma with predominant papillary formations with “indifferent” flat-cuboid epithelium
(papillary adenoma). H&E x 10

The neoplastic proliferation of the neck cells without atypia results usually in papillary-
adenomatous formations. The epithelium covering the papillae and the glands is flat-cuboid
and shows homogeneously formed round nuclei corresponding to the glandular neck cells
(Fig. 11). Under these circumstances the evaluation must cause problems since the old
problem of differentiation between “reactive dysplasia” and “neoplastic dysplasia” arises.
The judgment is made more difficult by the fact that such papillary adenomas are usually
situated in the cardiac regions with all its difficult therapeutic implications and consequences.
These “true” adenomas are a very rare finding, however (Ming, 1973; Seifert and Elster,
1975).

4. Proliferation with Cellular Atypia (Borderline Lesion: Protruded Type)

From the pathogenetic aspect the borderline lesion is also caused by proliferation of
neck cells. However, in contrast to the above-mentioned adenoma, we are concerned here
with a primary cellular atpypia. This atypia may be of differing intensity and severity as
described by various authors (Sugarno et al., 1971; Grundmann, 1975; Nagayo, 1975). In
the development of these proliferations toward a “polyp” the cellular atypia reaches a
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stage which leads to the classification of “borderline lesion” (Fig. 12). Use of this term
means that the cellular pattern alone does not allow a decision as to whether we are dealing
with a hyperplastic or with a neoplastic process. Recently, these changes have also been
called a subtype — Ila (Fukuchi et al., 1975). This term, too, indicates developmental
direction toward an early gastric carcinoma (Fig. 13). Clinically, the picture of a flat
broad-based polyp is seen.

Fig. 12. Glandular-neck proliferation with cell atypia (borderline lesion) in form of polyp. H&E x 120

The criterion for classification as an early gastric carcinoma type I is merely a greater degree
of exophytic proliferation. With respect to the pathogenesis the term polypoid carcinoma

is preferable to carcinomatous polyp. The precursor of the early gastric cancer type Ila

and I is usually the borderline lesion, whereas the ‘““malignant degeneration” of a H.P.G.-
polyp is extremely rare if it exists at all. More likely this transformation occurs in the

rare case of a true adenoma.
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Fig. 13. Early carcinoma type IIa in form of polyp. H&E x 8

5. Gastric Polyposis

Theoretically all the above mentioned types of polyps may be multiple and in sufficient
number to justify the term polyposis. However, this applies essentially to the focal hyper-
plasias and the H.P.G.-polyps. Muitiple bean-sized polyps, arranged in rows, which are
usually found in the antrum, are caused by chronic or complete erosions in the healing
stage or in scar formation.

A true polyposis of H.P.G.-polyps seldom occurs, and its location may be different from
that described in the literature. In one of our more than 50 cases, polyps of up to cherry-
size were located exclusively in the fundic mucosa allowing a sharp demarcation from the
antrum.

Multiple, but usually minute, polyps characterize a polypoid process which can not be clas-
sified according to pathogenesis nor by structure as are the above mentioned polyps. Gross-
ly the polyps have a glassy appearance and show histologically a flat, uniform contour

or short gastric pits. The tunica propria exhibits no cellular infiltration. Within the gastric
glands — this finding is limited to the fundic mucosa and the intermediate zone — cysts

of variable size can be seen which are usually lined by epithelium. Although this epithelial
border may be flattened, chief cells and parietal cells are easily recognized.

Only occasionally is a cyst with gastric pit epithelium found in segments near the surface.
The glandular body is remarkably intact; no reactive changes are seen (Fig. 14). The term
gastritis cystica superficialis is obsolete since inflammatory cells are lacking. A neoplastic
process can be ruled out in the absence of epithelial proliferation. The definition of ham-
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artoma is also incorrect because a false composition of the tissue is not present. Whether
the presence of Gardner’s syndrome, as observed in three of our own 90 cases, indicates
some systemic disorder cannot yet be decided since follow-up studies are not complete.

Fig. 14. Cysts of gastric glands; cysts of varying size, lined by flattened glandular epithelium. No
alteration of surface. H&E x 150

The uncertainty in the pathogenesis and histologic evaluation of this finding was the reason
why we prefer the descriptive diagnosis “cysts of the gastric glands”. The term “gastric
cystic polyposis” (Chakravorty and Schatzki, 1975) as an anatomical diagnosis is not ac-
ceptable because there may be single or multiple polyps.

Gastric polyps in the Cronkhite-Canada-Syndrome show a cystic pattern similar to the
above mentioned cysts of the gastric glands. However, here an inflammatory cellular re-
action is usually seen. The cysts are lined with pit epithelium and usually a local connec-
tion to the pits is seen (Fig. 15). According to our definition this polypoid lesion cannot
be called an epithelial polyp.
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Fig. 15. Biopsy of polyp (Cronkhite-Canada-Syndrome). Cysts with foveolar epithelium, lamina propria
with cellular infiltration. H&E x 120

The hamartomatous Peutz-Jeghers polyp, which is a manifestation of an inherited disorder
is said to occur in the stomach in 24% of patients with this syndrome (Bartholomew et al.,
1962). The histologic pattern resembles in general the intestinal polyps with prominent
“hypertrophic foveolar cells” whereas the gastric glands are inconspicuous. Branches of
the muscularis mucosae growing towards the mucosal surface are characteristic.

Returning to the discussion of surface structure one of our cases can be used as an example.
We received a biopsy from the tip of a polyp which we diagnosed as focal hyperplasia. Later
the excised specimen proved, however, to be a hamartomatous polyp. This finding empha-
sizes the multiple possible causes of focal hyperplasia.

6. Summary

The following classification of epithelial gastric polyps is suggested: *(Footnote see p. 92)

Term Tissue of origin Pathogenesis Localization
Focal hyperplasia Foveolar epithelium Hyperplasia anywhere
Hyperplasiogenous polyp Foveolar epithelium Hyperplasia + glandular component anywhere
Adenoma, high Gastric glands Blastoma (neoplasia) antrum-pylorus-
differentiation (of pyloric type) cardia
Adenoma, moderate Neck cells Blastoma (neoplasia) Predominantly
differentiation cardia
Borderline lesion-pro- Neck cells Hyperplasia with atypia — anywhere
truded type (subtype Ila) blastoma

Early carcinoma Neck cells Blastoma (neoplasia) anywhere

type Ila + 1
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III. Conclusions

It is our intention to forgo a historical review of terms and classifications of gastric polyps
so as to avoid the above mentioned confusion in the literature.

Data from the literature reporting a malignancy rate of gastric polyps between 4 and 80%
are “pathognomonic” for the old classifications or for the omission of a clear-cut differ-
entiation between histologic types. This classification does not pretend to be final; it should
be used as a working hypothesis. With the development and increased use of endoscopic
polypectomy the fact has emerged that gastric polyps are by no means rarities. Because of
the increased frequency of excision of gastric polyps for examination by the pathologist

it is our aim to evaluate the clinical usefulness of this proposed classification.
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The title of this chapter bears within it a major reason for both our delay in understanding
the adenoma-carcinoma relationship and for mismanagement of some patients presenting
with one or more polypoid lesions of the colon and rectum. “Polyp” is a nonspecific term
to which any lesion is entitled that has the characteristic of being a circumscribed protuber-

Table 1. Classification of Colonic Polyps

Single or multiple polyp Polyposes

A. Reactive
Inflammatory (inflammatory pseudopolyp) Inflammatory polyposis
Colitis cystica profunda
Lymphoid Lymphoid polyposis

B. Nonneoplastic growth disorder

Peutz-Jeghers Peutz-Jeghers polyposis
Juvenile (retention) Juvenile polyposis
Metaplastic (hyperplastic)
C. Of uncertain nature
Inflammatory fibroid polyp (eosinophilic Cronkhite-Canada syndrome
granuloma, localized) Juvenile polyposis of infancy

D. Neoplastic other than adenomatous

Lipoma Lipomatous polyposis

Leiomyoma Lymphosarcomatous polyposis
Carcinoid Leukemic polyposis

Polypoid carcinoma

Other (by predominant component) Other (by predominant component)

E. Neoplastic — adenomatous

Tubular (glandular adenoma, adenoma) Adenomatosis (familial adenomatous polyposis,
Tubulo-villous (mixed, villoglandular) multiple polyposis coli)
Villous (papillary adenoma) Adenomatous variants

Gardner’s syndrome
Other (named by associated lesions)
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ance into the bowel lumen. This is a trite statement, but all too frequently the term is
equated as synonymous with adenoma. An adenoma is not of necessity polypoid and
certainly not all polyps are adenoma. There are, of course, a wide variety of polypoid
lesions of widely varying histology and significance. In the first table (Table 1) I have
suggested a classification of polyps and polyposes and have placed in parentheses syn-
onyms which are often used but to the author’s mind are less preferable. Unfortunately
there is not yet complete agreement on terminology.

In the following pages the various types of polyps and polyposes which may involve the
large bowel are described and our present understanding of their relationship to cancer
of various types is discussed.

I. Inflammatory Polyps (Inflammatory Pseudopolyp)

Colitis cystica profunda, juvenile polyps, lymphoid polyps, and others have been consid-
ered, with varying degrees of justification, to be inflammatory. Since this is a debatable
assumption, they will be discussed separately.

I see no justification for the term “inflammatory pseudopolyp” since polyps arising in the
course of ulcerative or granulomatous colitis meet the previously criteria for polyp.

Fig. 1. Regeneration atypia near edge of ulcer in inflammatory polyp. Note loss of polarity and nuclear
variation. X 300
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Isolated, usually small, inflammatory polyps unassociated with colitis are rather frequent
in the rectum. They show little but edema, hyperemia, and variable degrees of lymphocytic
or polymorphonuclear infiltrate. Focal ulceration may be present. The crypt epithelium

is unremarkable except for occasional cytoplasmic and nuclear irregularities of regenerat-
ive nature (Fig. 1). Care should be taken not to consider focal lymphoid aggregates, which
are a normal feature of colonic mucosa, as evidence of colitis.

II. Inflammatory Polyps Associated with Colitis

These vary in size from small mucosal tags to large elaborate polypoid masses which, when
pedunculated, may have bifid or trifid stalks. Their histology varies depending on the sever-
ity of the basic colitis. In remission phases the polyp mucosal epithelium will often form
distorted or branched crypts or small mucus filled cysts. In any event, as in the solitary in-
flammatory polyp, the nuclei do not have the crowded appearance of adenoma. The stroma
is not as relatively abundant as in the juvenile polyp and they lack the smooth muscle bands
of the Peutz-Jeghers polyp. Again, a certain degree of surface atypia may be disregarded as
regenerative and should not be confused with carcinoma in situ. They arise from a con-
current undermining of mucosa by ulceration and by regeneration.

Fig. 2. “Pseudo” polyp in toxic megacolon of ulcerative colitis. Area between arrows has undergone
complete loss of muscularis. X 4
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Inflammatory polyposis is commonly diffuse, involving all or much of the colon and rectum.
Such cases may be confused, both by X-ray and on gross examination, with familial adeno-
matous polyposis. The polyps on the other hand, may be only occasional or, especially in
granulomatous colitis, present as groups of closely appressed polyps in a narrow segment

or segments. We have seen polyps produced by another mechanism in toxic megacolon. In
the case of ulcerative colitis illustrated, ulceration had essentially destroyed all coats. Much
of the colonic wall consisted only of serosa and fibrous reaction. The polyps consisted of
residual islands of preserved mucosa and muscularis (Fig. 2).

The increased risk of adenocarcinoma in longstanding ulcerative colitis is well accepted.
It does not appear that inflammatory polyps are important in the pathogenesis of the car-
cinomas which may occur. Most such carcinomas in our experience and others have been
rather diffuse. Precancerous changes have been described by Morson and Dawson (1972).
Dawson and Pryse-Davies (1959) warn that one cannot assume that polyps occurring in
patients with ulcerative colitis are inflammatory but may be adenomas or carcinoma. In
9 of 17 cases, in their series, of ulcerative colitis in which carcinoma had developed, ade-
nomatous polyps were also present. They describe what they interpret as transition from
polyps of inflammatory to adenomatous type. Their illustrations do not permit judging
this point.

Fig. 3. Epithelization of fissure ulcer in granulomatous enteritis. X 60
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III. Colitis Cystica Profunda

This condition, first described by Virchow (1863), exists in both diffuse and localized
forms. In both it consists of mucus-filled cysts within the submucosa. The descrete form

Fig. 4. Colitis cystica profunda. Rectal polyp near anus showing submucosal mucin-filled cysts. X 40

Fig. 5. Colitis cystica profunda. Detail of cyst lining from Figure 4 epithelium. Note lack of nuclear
crowding, abundant goblet cells. X 250
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occurs chiefly in the rectum and presents as polyps, masses or plaques. According to Wayte
and Helwig (1967) the patients usually present with rectal bleeding, prolapse or tenesmus.
These lesions are probably of inflammatory origin, i.e. sequelae of colitis or trauma. A ham-
artomatous origin has also been proposed by Allen (1966). Buckwalter and Kent (1972)
have described submucosal glands without cysts in a patient with diverticulitis and suggests
defects of the muscularis mucosa as important in pathogenesis.

The author has seen one case of Crohn’s disease with similar glands and cysts extending
into the muscularis of the terminal ileumn. Some of these foci suggest epithelization of
fissure ulcers as a pathogenetic mechanism (Fig. 3).

There is no evidence to suggest that these peculiar lesions are precancerous. The problem
is rather in mistaking them for carcinoma. The cysts may lack epithelium in whole or
part. Where present, the epithelium is well differentiated, well polarized, rich in goblet
cells, and does not show either the crowded nuclei of adenoma or the hyperchromatism,
loss of polarity, and pleomorphism of most carcinomas (Figs. 4 and 5). Signet cells or
cell clusters are not present. The patients are distinctly younger on average than those
with carcinoma. Diagnostic error will be minimal if one considers the younger age of the
patient, insists on adequate biopsy, and does not consider ectopic epithelium or mucin
pools as of necessity malignant by virtue of location. Rare adenocarcinomas are focally
so well differentiated that confusion is possible, but the crowded nuclei suggest adenoma
rather than colitis cystica (Fig. 6).

Fig. 6. Highly differentiated adenocarcinoma in muscularis. This area indistinguishable from adenoma
except by position deep in muscularis. Less differentiated elsewhere with no adenomatous remnant. x 150
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IV. Lymphoid Polyps and Lymphoid Polyposis

Several forms of polypoid lymphoid infiltrates are now fairly well recognized. Two of these
are localized lesions. The first, lymphoid hyperplasia of the terminal ileum, consists of a
polypoid or cobblestone thickening of terminal ileum in children and may act as a site for
intussusception into the caecum (Danis, 1974). The cause is unknown. Lymphoid polyps
in the adult are usually restricted to the anal verge and lower rectum. These may be up to

5 cm in size and may be multiple. They were first clearly separated by Helwig and Hansen
(1951) from nodular (follicular) lymphosarcoma by virtue of their primarily submucosal
position, lack of free infiltration of mucosa, and especially by the presence of well defined
germinal centers.

Diffuse lymphoid polyposis of the G.I. tract exists in several differing settings though his-
tologically indistinguishable. The first of these is lymphoid polyposis associated with IgA
deficiency and often with girardiasis. According to Ajdukiewicz et al. (1966) this form

is chiefly, if not entirely, restricted to the small intestine. A similar lymphoid polyposis
involving the colon of children without protein deficiencies has been described by Capitanio
and Kirkpatrick (1970) and by Robinson et al. (1973). In this condition all or much of the
colon and often the distal ileum is studded with small polyps which tend to be larger and
more numerous as the rectum is approached. They are notable for gross umbilication pro-
ducing a distinctive pattern on air contrast films.

Lymphoid polypoid hyperplasia of ileum and colon may occur associated with familial
adenomatous polyposis or with Gardner’s syndrome (Shull and Fitts, 1974). Involvement
of the terminal ileum in such cases may lead to unnecessary partial ileectomy. At least
three cases of needless colectomy have been reported in kindred of adenomatous polyp-
osis families in which the colon was later found to be diffusely involved with lymphoid
rather than adenomatous polyps. The importance of adequate biopsy samples of polyps
before extensive surgery is obvious.

Fig. 7. Polypoid lymphosarcoma. Section from ileocecal region in a 75 year old man with multiple pol-

yps of ileum, cecum and ascending colon. Polyps covered with normal mucosa. Apparent ulcer is sect-
ioning artifact. X 5
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All of these various polyposes are usually considered reactive to various infections or pos-
sibly other stimuli. All show well defined germinal centers. Lymphoid follicles are normal
in the colon and should not be mistaken for polyposis.

Primary lymphosarcomas of various types of colon and rectum are usually bulky solitary
tumors. Rarely, however, they may present, as may leukemia, as polyposis of small or
large bowel. The term pseudoleukemia has in the past been applied to some of these. An
example (see Fig. 7) was a 75 year old male who, at operation for sigmoid adenocarcinoma,
was also found to have numerous grapelike, freely movable, mucosal polyps of terminal il-
eum and caecum. The histology was that of a lymphoblastic lymphosarcoma. The diagno-
sis of malignant lymphoid polyposis is not usually difficult if one bears in mind the lack
of reaction centers, the monomorphic character of the infiltrate, and the free infiltration
of mucosa by the lymphosarcomas. I know of no evidence to implicate benign lymphoid
polyps and polyposes as predecessors of the malignant lymphoid disesases except for the
indirect relationship of those associated with dysproteinemias which are largely of small
intestine and need not concern us here.

V. Inflammatory Fibroid Polyp (Eosinophilic Granuloma)

These peculiar rare tumors are most common in the stomach and small bowel and will not
be considered here. They have no known relationship to carcinoma.

VI. Peutz-Jeghers Polyposis

Peutz-Jeghers syndrome with its polyps and rather distinctive skin and oral mucosal pig-
mentation was described by Peutz in 1921 and became more widely recognized after the
article by Jeghers and coworkers in 1949. It is usually thought of in connection with the
small intestine since at this site the polyps more readily cause intussusception. The polyps,
however, are distributed throughout the GI tract. In the recent review of Utsunomiya et
al. (1975), 189 of their 222 patients developed polyps, at some stage, in the colon or rec-
tum. The polyps apparently continue to appear and may either grow or remain static for
long periods.

The gross appearance of these peculiar polyps is that of a firm lobulated or cerebriform
mass, sessile or stalked. The histology is distinctive, consisting of (1) a variety of mature
epithelial cells, typical of their site of origin (such as parietal cells, chief cells and goblet
cells in Peutz-Jeghers gastric polyps); (2) strands of smooth muscle which course through
and divide the polyp into sectors; and (3) orientation of the epithelium to the smooth
muscle bands as they would to muscularis mucosae (Fig. 8). Mucin-filled cysts may occur
and may involve the muscularis. Anaplasia and nuclear crowding are not a feature. These
polyps are best thought of as being growth anomalies rather than neoplastic.

Though the syndrome is known to be familial, polyps and abnormal pigmentation may be
independent of each other. Gannon et al. (1962) pointed out that solitary polyps, identical
in structure, occur which lack both associated pigmentary changes or familial histories.
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Fig. 8. Peutz-Jeghers polyp. Arrow points to one of many bands of smooth muscle dividing polyp into
sectors. Note orientation of glands to smooth muscle as if muscularis mucosa. X 100

Because the pecular relationship to proliferated smooth muscle was mistaken for invasion,
as were mucinous pools which may occur, earlier opinions held that a considerable percent-
age of these polyps was malignant. This view was corrected by the Mayo Clinic group (Bar-
tholomew et al., 1962; Dozois et al., 1969). Following these reports the general opinion
has been that these polyps have little or no precancerous disposition, see Williams (1965).
This position seems too extreme.

Proof of origin of invasive carcinoma directly from Peutz-Jeghers polyps is rare although
several polyps have been reported with foci of anaplasia justifying the term “in situ carci-
noma.” There are nonetheless a scattering of case reports of cancer in the upper gastroin-
testinal tract in young people who have the Peutz-Jeghers syndrome. In Utsunomiya et
al.’s 1974 series of 222 cases from Japan the cause of death in four patients under the

age of 30 was carcinoma (colon — 2, stomach — 1, and duodenum — 1). A total of 17 of
the 36 deaths in the series of 222 patients were from cancer — chiefly of the colon. They
reviewed reports of three deaths from adenocarcinoma of the stomach in teen age patients
with this condition. Carcinoma of the colon is such a common neoplasm in the western
world that proof by association is open to question.

Scully (1970) described and reported on a rare form of gvarian tumor which he termed
“sex cord tumor with annular tubules.” Six of the 13 cases were in patients with Peutz-
Jeghers syndrome and only one of the seven other cases had been studied to adequately
rule out the syndrome.

It seems reasonable to conclude at this time that (1) patients with the Peutz-Jeghers syn-
drome have an increased propensity to neoplasia, at least of the upper GI tract; (2) the
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order of magnitude of such associated malignancy is much less than that of the adenomatous
polyposes; and (3) the exact definition of such risk needs further study.

VII. Juvenile Polyps and Polyposis

Juvenile polyps, sometimes called retention polyps, are another distinctive polyp which
nonetheless has been only clearly separated from adenomatous polyps in the past 15 years
(Horrilleno et al., 1959; Morson, 1962; Roth and Helwig, 1963). These polyps are most
common in the rectum or sigmoid, but may occur at any site in the colon. Bleeding or
prolapse of the polyp are the common presentations.

Fig. 9. Juvenile (retention) polyp. Patient aged 6 years. Note abundance of lamina propria, cystically
dilated glands and irregular, slightly branched non-cystic glands. Note inflammatory infiltrate. X 40

These present as sessile or, more commonly, pedunculated rounded masses. Under the
microscope they are composed of glands, usually cystic and often with some branching,
whose epithelial cells show no evidence of crowding or anaplasia. The lamina propria is
abundant and widely separates adjacent epithelial structures. The surface is usually, though
not always, ulcerated. The cysts are mucin-filled and both cysts and stroma often show
polymorphonuclear leukocyte infiltrates. Lymphoid aggregates may also occur. Evidence
of hemorrhage in the form of hemosiderin-ladenmacrophages in these polyps is frequent.
Eosinophils may also be present (Figs. 9 and 10).

About 15% of the patients have more than one such polyp either at the same time or
developing later.
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Fig. 10. Juvenile polyp. Detail from Fig. 8. Note abundant goblet cells, lack of nuclear crowding, X 300

Fig. 11, Area of atypia in juvenile polyp. Unique case showing detail of gland with crowding and loss
of nuclear polarity in polyp of sigmoid from a 21 year old woman, Polyp elsewhere typical of juvenile
type. (Courtesy of Drs. Steele, Simpson and Associates, Denison, Texas.) X 300
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The term “juvenile” has been used since three-quarters of these polyps occur in the first
decade of life with a peak incidence at age 6 (Holgerson et al., 1971). They do, however,
occur at all ages. For this reason some prefer the term retention polyp because of the
characteristic mucus-filled cysts. There is no evidence that these are predecessor lesions

of adenoma or that they are precancerous. Shermata et al. (1969) could find no examples
of relationship to malignancy in 800 cases surveyed. I have seen one juvenile polyp in which
areas were in part replaced by highly atypical glandular epithelium approaching carcinoma
in situ in character (Fig. 11). I have seen no references to this nor other examples and at
the moment consider it a chance association.

Their etiology has variously been considered inflammatory (Horrilleno et al., 1959; Roth
and Helwig, 1963), hamartomatous (Morson, 1962), and allergic (Alexander et al., 1970).
A simple inflammatory origin seems difficult to reconcile with the peculiar age distribution,
relative rarity, and disparity in structure from polyps known to be of inflammatory origin
such as those in ulcerative colitis. Haggitt (1970) suggests that the earliest polyps of this
type may be due to stromal proliferation.

VIII. Juvenile Polyposis

McColl et al. in 1964 described a condition of diffuse polyposis of the colon in which the
polyps resembled juvenile polyps rather than adenomas. Eleven cases in eight families were

Fig. 12. Juvenile polyposis. Gross photograph of one of polyp clusters of colon. Note branching and
frond-like character. Petient is a 16 year old black female. X 4
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Fig. 13. Juvenile polyposis. Low power view of section of one of polyps from Figure 11. Note non-
crowded nuclei, rather abundant lamina propria. X 30

Fig. 14. Juvenile polyposis. Area of another polyp in same case as Figures 11 and 12. Note glands with
nuclear crowding suggestive of adenomatous polyp. Other areas in same polyp lacked this feature. X 100
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reported. Since then very similar polyposes have been described with involvement of stom-
ach and small intestine as well as colon.

Both familial and nonfamilial forms of juvenile polyposis have been described. The genetics
are in need of further work.

Sachatello (1972) believes three subgroups exist. (1) Juvenile polyposis of infancy, (2) ju-
venile polyposis coli, and (3) generalized juvenile gastrointestinal polyposis. To the author
it is not clear that the infantile form of juvenile polyposis associated with cachexia and
hyperproteinemia belongs in this group. It may be closer to the changes described in the
mucosa of Cronkhite-Canada syndrome (to be discussed later).

The polyps in this condition (or conditions) tend to be more irregular in shape with irreg-
ular branching of glands and often with less stroma than is true of the isolated juvenile
polyps. They may contain Paneth cells (McColl et al., 1964).

No direct relationship between the polyps of juvenile polyposis and adenocarcinoma is
known. However, patients with juvenile polyposis have been reported in families with
adenomatous polyposis (Haggitt and Pitcock, 1970; Horrelleno et al., 1959; Veale, 1966).
They have also been reported in families with cases of carcinoma of the colon occurring

at a young age (Haggitt and Pitcock, 1970). A kindred with single or multiple juvenile pol-
yps and also with a high incidence of carcinoma of the stomach, duodenum, pancreas, and
proximal colon has been studied by Stemper et al. (1975). Veale (1966) postulates the
condition as being due to a modfier gene which when present with the gene for adenoma-
tosis results in polyposis of the juvenile rather than the adenomatous type. Further study
is necessary before complete understanding of these various genetic linkages is reached.

Fig. 15. Juvenile polyposis. Polyp of adenomatous type from stomach in same patient as Figures 11 to
13. X 100
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We have encountered a case which illustrates the possible relationship of juvenile polyposis

to true adenomatous neoplasia. The patient was found at age 12 to have multiple polyps

of the colon, some of which were excised on several occasions, the last being a subtotal col-
ectomy. The polyps showed gross branching (Fig. 12). Some resembled juvenile polyps though
with more crowding of glands and branching than typical (Fig. 13). Areas in some polyps were
suggestive of adenoma (Fig. 14). A gastric polyp was removed which was clearly adenomatous
(Fig. 15) and age 21 and 22, two small purely adenomatous polyps were excised from her rec-
tum. The patient’s family could not be traced. A similar case was reported by Kashula (1971).
Obviously more work needs doing to define this relationship.

Juvenile polyposis is not simply a case of a patient with multiple juvenile polyps, but
rather a distinct condition. The polyps are not identical to juvenile polyps and a relation-
ship to adenomatous polyposis is known in some cases. Whether patients with juvenile
polyposis are themselves at higher risk of ultimately developing carcinoma of the colon
remains to be determined, but long-term careful followup is indicated.

IX. Cronkhite-Canada Syndrome

This very rare syndrome consists of a polyposis of stomach, small intestine and colon as-
sociated with a diffuse pigmentation of the skin, alopecia, atrophy of the nails, and hypo-

Fig. 16. Cronkhite-Canada syndrome. Section of thickened mucosa (somewhat autolyzed). Note cysts
and atrophy of epithelium. (Courtesy of Dr. Basil Morson.) X 40
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proteinemia (Cronkhite and Canada, 1955). The cases reported have been in adults and
have been nonfamilial (Orime et al., 1969). The mucosa is thickened and diffusely poly-
poid and has been likened to juvenile polyps. In the single case I have seen (courtesy of
Dr. B.C. Morson), the mucosa appears to show a combination of epithelial atrophy and
cystic dilation (Fig. 16) and would, to me, appear closer to the changes described in
Menetrier’s disease. There is no known relationship to malignancy.

X. Metaplastic (Hyperplastic) Polyps

It is interesting that, despite the frequency of these little polyps, most observers, until the
early 1960’s, have confused them with adenomas. Morson (1962) in England, and Lane
and Lev (1963) in the United States carefully described and differentiated them from
adenoma. Morson used the term “metaplastic” for these lesions and Lane and Lev used
“hyperplastic.” The terms “hyperplastic” and “focal mucosal hyperplasia™ have been used
in a different sense by others (Crocker and Veith, 1964). In addition, it is questionable
whether these lesions are produced by excessive cell proliferation as much as by delay in
shedding (Hayashi et al., 1974). For these reasons the term metaplastic seems preferable,
implying only a change in appearance and structure of the cells concerned.

These polyps are almost always sessile, dome-shaped lesions, 5 mm or less in diameter,
sharply demarcated from and paler than the normal mucosa. Very rarely pedunculated
variants or large en placque changes in the mucosa of this type are encountered.

Histologically metaplastic polyps differ sharply from adenomas. The cytoplasm is distinct-
ly eosinophilic, the lining of the crypts and surface has a serrated appearance due to in-
equality of height of adjacent cells (Fig. 17). The nuclei are basal and lack the crowding

Fig. 17. Metaplastic polyp. Note “tufted” effect due to irregular height of cells. Note lack of nuclear
crowding. Cells tend to be more eosinophilic than normal. X 100
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of the adenoma. Mucin production is present and uniformly distributed. At a finer level,
Lane et al. (1971), the basement membrane and associated PAS positive material between
it and the epithelium is thicker than normal rather than thinner as is true of adenoma. Mi-
toses are restricted to the crypts rather than being present on the surface as may be seen
in adenoma. The deeper portion of the crypts appear normal as compared to the uniform
involvement of the entire gland, at least in the more central portion, of adenoma.

Metaplastic polyps are extremely common, at least in the rectum. They have been reported
to be an aging phenomenum by Arthur (1968). He found one or more metaplastic polyps
in 40% of rectums examined at autopsy in patients under the age of 40, in 75% of those in
the over 40 category and in 95% of the rectums removed surgically for carcinoma. Lane et
al. (1971) report that 92% of polyps, 3 mm or less, in their study were of this type.

At times metaplastic glands may be found in adenoma (Fig. 18) or in villous adenoma. There
is, however, no evidence that the metaplastic polyp is a predecessor of the adenoma, villous
or otherwise. Extremely minute adenomas much more commonly do not contain metaplas-
tic areas. Metaplastic areas may also be seen in inflammatory polyps and near carcinomas.
The ubiquity of these lesions in the average age group of patients with carcinoma and the
fact that they are found in about the same incidence in colons with and without carcinoma
(Arthur, 1968) is against an etiologic relationship of metaplastic polyps to carcinoma. I have
seen only one metaplastic polyp (in the en plaque form) which contained markedly atypical
cells. A large number of studies on the frequency and distribution of adenomas are worth-

Fig. 18. Metaplastic area in adenomatous polyp. Note contrast between adenomatous gland (arrow) and
metaplastic glands. X 150
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less since the authors have failed to make the distinction between adenomatous and meta-
plastic polyps.

1. Lipomas

Submucosal adipose tissue of the colon is seldom remarked on in the literature, but does
occur. Lipomas are usually submucosal and bulge out the overlying mucosa in a polypoid
fashion. Long et al. (1949) in 13,000 necropsies reported such lipomas in 69 instances
(0.5%). They may occasionally cause bleeding or intussusception. They occur at any site
with perhaps some predilection of the larger lipomas for the caecum and ascending colon.
Large lipomas may ulcerate and may mimic carcinoma on X-ray. Two such cases in our
hospital had hemicolectomies performed on the assumption they were carcinoma. Lipo-
sarcoma, though theoretically possible, must be extremely rare if it exists at all. A case

of lipomatous polyposis of the colon in a 2 year old child associated with hypertrophy of
the appendices epiploicae has been reported by Swain et al. (1969).

2. Leiomyomas

Leiomyomas are common gastrointestinal neoplasms, especially in the stomach and small
bowel. Most leiomyomas in the large bowel present as small asymptomatic polyps of the
rectum removed incidentally during routine proctoscopies. They presumably arise from
the muscularis mucosa. I have not encountered reports of a leiomyomatous form of pol-
yposis though multiple leiomyomas certainly occur in the colon and rectum. Larger
lipomas and leiomyomas as a rule do not present as polyps.

3. Neurofibromas and Ganglioneuromas

There is some confusion between leiomyoma and neurofibroma in the literature and gastro-
intestinal leiomyomas have in addition been reported in cases of neurofibromatosis (Lukash
et al., 1966). Submucosal neurofibromas and ganglioneuromas both benign and malignant
may occur with or without von Recklinghausen’s disease as stated by Lukash et al. (1966).
Donnelly et al. (1969) report a case in a nine year old boy without neurofibromatosis and
with multiple ganglioneurofibromatous polyps of the colon as well as, interestingly, mul-
tiple polyps of the juvenile type.

4. Carcinoids

Colonic carcinoids, though relatively uncommon compared to those of the ileum, present
as polypoid lesions in colon and rectum. In the last few years considerable information
has accumulated as to their biology and management.

Large bowel carcinoids are rare before 30 and occur in a distinctly older age group than
those of appendiceal origin. They occur throughout the colon and rectum, but in the
colon are more common in the caecum than elsewhere according to Berardi (1972). In

the rectum, the relative incidence compared to colon is distorted because small asymptom-
atic rectal carcinoids are frequently discovered in the course of routine proctoscopic ex-
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aminations as incidental findings. This is reflected in the average size — those in the colon
averaging 4.9 cm [in the excellent review by Berardi (1972)], while those in the rectum
average much smaller. In Ponka and Walke’s (1971) report, 35 of 46 rectal carcinoids
were 1 cm or less in diameter.

Carcinoids present as firm nodules with or without ulceration. On section they are distinct-
ly yellow, ill defined, tumors. The histology is of rather uniform small cells in sheets or
festoons subdivided by variable amounts of fibrous tissue (in contrast to the microacinar
pattern of those in the midgut). Only a small percentage (5-10%) is positive by argentaffin
or argyrophil staining techniques and as expected, therefore, are usually not active endo-
crinologically. Berardi (1972) reports that only four of 136 cases of carcinoid syndrome
originated in colonic carcinoids. Statements that hindgut carcinoids are never reactive with
silver stains or hormonally active are thus generally, but not strictly, correct.

There have been scattered reports of examples of tumors with both carcinoid and adeno-
carcinomatous structure. We have seen two such examples. In these one area of a tumor

will appear typical of adenocarcinoma, sometimes well differentiated, while another will
be equally typical of carcinoid. If one recalls that argentaffin positive cells may be found
in some colonic adenocarcinomas, this need not be too surprising.

Histologic features are of no help in predicting behavior. All carcinoids are infiltrative
tumors. Malignant behavior is predictable on size, and to some degree, on depth of in-
vasion. Four hundred and seventy-five cases of rectal carcinoids were reviewed by Green-
wood et al. (1974). Of those less than 2 cm in size, 85% were benign and of 89 over 2 cm,
only 12% were benign. Carcinoids under 1 cm may for practical purposes be considered
benign. This means that the small incidental carcinoid polyp of the rectum may be treated
conservatively. Larger tumors are best treated as carcinoma. Size may reflect aggressiveness
of tumor rather than chronology of discovery since some small carcinoids have been ob-
served to remain static for long periods.

Greenwood et al. (1974) have carefully analyzed the association of carcinoids with other
tumors. As reported in the literature, they conclude that one of eight patients with rectal
carcinoids may be expected to harbor a coexistant significant benign or malignant neo-
plasm at any site, but most likely in the gastrointestinal tract. One of 12 patients may be
expected to have an adenocarcinoma or adenoma of colon or rectum. They believe that
association with non-gastrointestinal tract tumors is not significant, but that a real asso-
ciation between rectal carcinoids and adenocarcinoma and adenoma does exist. Reports
by Brown and Smith (1973) have reported even higher percentages of associated GI neo-
plasms. Thus, patients with rectal carcinoids, however small, are at high risk of other
tumors and deserve a careful assessment of the GI tract and particularly of the colon.

5. Adenomas of Colon

Adenomas of the colon, with the exception of metaplastic polyps, are the most common
type of polyp encountered. While they may on occasion be the cause of bleeding or even
intussusception, their clinical importance rests upon their much debated potential as a
seedbed for colonic adenocarcinoma. This will be discussed in detail. Since much of the
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debate has been clouded by misidentification of other polyps (especially metaplastic pol-
yps as adenomas), it is first necessary to clearly define what is meant by adenoma in its
variant forms.

Adenomas may be sessile or pedunculated, large or of microscopic dimensions, villous or
non-villous. Their common denominator is to be found in the nuclei. These are more hyper-
chromatic than the nuclei of normal mucosal epithelium, somewhat enlarged and elongated.
They are more crowded than.normal mucosal nuclei and occupy a greater fraction of the
total cell height (Fig. 19). Mucin production is sharply reduced as compared to the normal.
An exception to this last statement is seen in certain villous adenomas and very rarely in
non-villous (tubular) adenomas. In addition, histochemical changes in the type of mucin
have been described by Filipe (1969). The histochemistry of adenomas has also been shown
to differ both from that of normal mucosa and from metaplastic polyps in the activity of

a variety of enzymes (Czernobilsky and Tsou, 1968; Wattenberg, 1959).

Fig. 19. Junction of adenoma and normal glandular epithelium. Note subtending of adenomatous
epithelium below normal epithelium at point of replacement. X 400

Both Paneth cells and enterochromaffin cells may be present in a random manner in all
types of adenoma (and carcinoma), in contrast to their presence only in the crypt bases
of polyps of other types (Morson and Dawson, 1972a).

Chromosomal studies on adenomas are scanty. Messinetti et al. (1968) reported normal
chromosome sets in adenomas except in the presence of ‘“‘carcinomatous transformation.”
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Other workers (Enterline and Arvan, 1967; and Mark et al., 1973) have found pseudodi-
ploid sets or the addition of extra chromosomes in the C & D groups to be common in
adenomas without atypia. All agree that marked chromosomal abnormalities are present
in adenomas containing areas of invasive or non-invasive carcinoma.

It has been well shown that normal colonic and rectal epithelium is composed of a highly
dynamic cell population with cells dividing in the base of the crypts, maturing as they are
pushed to the surface, and being shed at the surface. The whole process only occupies
several days. Ultrastructural studies (Kaye et al., 1973) have shown that the epithelium
of normal large bowel and of metaplastic polyps is less differentiated in the base of the
crypts and steadily differentiates as the cell is pushed towards the surface of the gland.
Adenomatous epithelium in contrast does not appear to differentiate beyond an interme-
diate stage. Studies with tritiated thymidine (Bottomley and Cooper, 1973; Cole and
McKalen, 1963; Lipkin, 1974, and Wiebecke et al., 1974) have shown that the normal
suppression of DNA synthesis and therefore cell replication in the mid portion of the
crypt does not occur in adenomas. Cell replication in adenoma is a random phenomenon
occurring at any level including the surface. A change in cell membrane properties of
adenomas (Lipkin, 1974) may enable cells to persist longer and this, plus the failure of
control of replication, leads to the development of a mass, i.e. adenoma.

All of these lines of evidence strongly indicate that adenomas in their numerous variants
are indeed true neoplasms and differ sharply from other polyps of inflammatory, hamar-
tomatous, or metaplastic nature. Serial section studies on small adenomas by Lane and Ley
(1963) have shown that these neoplasms arise in the deep, germinative portion of a crypt
or crypts.

The histology varies from the tubular often branched pattern of the typical tubular adenoma
to the papillary pattern of the villous adenoma. The gross appearance also is variable from
the smooth but lobulated structure of the common adenoma to the shaggy appearance of
the typical villous form. Whether or not a given adenoma is pedunculated or sessile is not
strictly size related. Any type of adenoma may be pedunculated, though the villous aden-
omas are characteristically sessile and spreading. It is generally considered that peduncula-
tion occurs in a mechanical way by the adenoma being “caught” by peristolic action, the
stalk being formed by the loose mucosa and submucosa adjacent to the adenoma. In any
event, the stalk of a pedunculated adenoma is composed of normal mucosal and submucosal
elements. Because of their vascularity and possibly because of hemorrhage secondary to trau-
ma, adenomas are usually considerably darker than the normal mucosa surrounding them.

6. Terminology

In the past it was usual to sharply separate adenomatous polyps and villous (papillary)
adenomas. In recent years it has become generally accepted that intermediate forms not
only occur, but are common (Fund and Goldman, 1970). This is a size related phenome-
non (Enterline, 1975) (Bar graph). Various terms have been used for these bridging forms.
In this chapter I shall adhere to the recommendation of the World Health Organization
Committee for classification of intestinal tumors (WHO, 1976). Commonly used syn-
onyms are indicated in parenthesis. These terms are as follows:
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Bar Graph: Size distribution of 234 consecutive adenomas diagnosed at the Hospital of the University
of Pennsylvania

1. Tubular adenoma (glandular adenoma, adenoma). “An adenoma composed predominant-
ly of branching tubules embedded in or surrounded by lamina propria” (Fig. 20).

Fig. 20. Tubular adenoma. Edge of sessile tubular adnoma. Note junction with normal glands (arrow),
lack of papillary fronds and tendency to branching of tubules. X 40
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2. Villous adenoma (papillary adenoma). “An adenoma composed of pointed or blunt
finger-like processes of lamina propria covered by epithelium which reaches down to
muscularis mucosa” (Fig. 21).

Fig. 21. Villous adenoma. Note long fronds. Invasive carcinoma was present elsewhere in this tumor. X 40

Fig. 22. Tubulo-villous adenoma. Tubular portion to right of photograph with portions of villous
elements on left. X 40
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3. Tubulo-villous adenoma (mixed adenoma, villoglandular adenoma). “An adenoma which
may have both tubular and villous patterns or a pattern which seems intermediate be-
tween tubular and villous” (Fig. 22).

The significance of these variations will be discussed below. Adenomas of any type may
uncommonly occur elsewhere than the colon, but these will not be considered here.

4. Adenomatosis (adenomatous polyposis coli, familial adenomatous polyposis, multiple
polyposis). “A condition in which numerous adenomas are present in the large intestine.”

These may be of any of the three types listed. A dividing line between true adenomatous
polyposis and multiple adenoma as stated by Morson (1972) and recommended by WHO
(1976) is that the presence of over 100 adenomas in a colon should be considered adenom-
atosis. The distinction is of importance since adenomatosis and its variant forms, such as
Gardner’s syndrome, is inherited as a Mendelian dominant of varying penetrance. This is
not true of adenoma, whether single or multiple, although genetic factors may be implicat-
ed in a less obvious way. The term “Gardner’s Syndrome” is widely recognized and accept-
able. However, rather than proliferate epinymics to indicate the association of adenomatous
polyposis with extra colonic lesions of various sorts, it seems best to use the term ‘“adeno-
matous polyposis” and add to it the appropriate lesion indicated, such as with fribromatosis
(Simpson et al., 1964),with thyroid carcinoma (Smith and Kern, 1973), with glioma (Turcot

et al., 1968), with sarcoma (Fraumeni et al., 1968), and so forth. I have defined the terms
listed below as follows:

a) Atypia

An adenoma of any type, whether or not in adenomatosis, may contain foci in which nuclei
are more irregular and less polarized than in the usual adenoma. If the growth pattern of
the tubules or villi is not markedly distorted I refer to this as atypia (Fig. 23).

Fig. 23. Atypia in adenoma. Arrow points to gland with moderate atypia showing loss of polarity and
size variation in nuclei. Adenomatous gland beneath it shows a minimal atypia. Contrast to normal gland
to right as to nuclear size and normal goblet cells. X 250
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b) Carcinoma In Situ

An adenoma containing a focus or foci of cells as described under atypia, and in addition
obvious distortion of the growth pattern (i.e. irregular budding, cribiform areas), but which
lack a desmoplastic reaction or otherwise fail to show evidence of invasion (Fig. 24).

Fig. 24. Carcinoma in situ in adenoma. Note cribiform pattern of gland and loss of nuclear polarity.
In situ area appears paler here, but may be more hyperchromatic than surrounding adenoma in other
areas. X 200

¢) Intramucosal Carcinoma

A focus or foci of cells in an adenoma which show both irregularities of cytology and his-
tology as defined above under atypia and in situ carcinoma, and in addition show clear
evidence of invasion as denoted by a desmoplastic reaction and/or by the presence of
single cells or clusters of cells obviously not confined within a tubule or villous structure,
such invasion not extending beyond the muscularis mucosa (Fig. 25).

d) Invasive Carcinoma

An area in an adenoma as defined above under intramucosal carcinoma, but with clear
evidence of extension beyond the limits of the muscularis mucosa (Figs. 26 and 27).
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Fig. 25. Intramucosal carcinoma in adenoma. Note areas of adenocarcinoma enmeshed in bundles of
smooth muscle from muscularis mucosae. X 150

Fig. 26. Invasive carcinoma in adenoma. Adenoma-carcinoma junction approximately indicated by
arrows. Note short thick pedicle with tumor invasion to muscularis. X 4
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Fig. 27. Invasive carcinoma in adenoma. Well differentiated adenocarcinoma in stalk of adenoma.
Stalk mucosa of normal glands. Adenoma not in field. X 65

Many authors, including myself (Enterline et al., 1962), have lumped the first three cate-
gories under the general heading of “Atypia” or “Dysplasia.” I see no objection to this as
long as the term used are clearly defined. The justification given is that, short of invasion
beyond the muscularis mucosa, the diagnosis of carcinoma is too subjective. On the other
hand, it is no more subjective than similar judgments elsewhere, such as in dysplasia and
carcinoma in situ of the cervix. There are infinite gradations from one category to the next.
There will be some variation of opinion as to where a certain case fits. I would agree that
the limits of the muscularis mucosa is the critical one from some standpoints as we will
discuss later. On the other hand, the muscularis mucosa in an adenoma, at least if pedun-
culated, is not a sharply defined structure but sprayed out and often fills much of the
“head” of the adenoma. Thus fairly sizable foci of carcinoma with obvious invasion may
yet be not beyond this mesh of smooth muscle. To call these “atypia” or “in situ” seems
unsuitable. It is highly important that those writing on the subject clearly separate their
cases so that independent judgments can be made by their reader as to the conclusions
reached, whether it be on the pathogenesis of carcinoma or the clinical management of
polyps.

Gross findings, site and incidence of adenomas of various types will be discussed below to-
gether with a discussion on the pathogenesis of adenocarcinoma of the colon.
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XI. Basic Histogenesis of Colonic Adenocarcinoma

The frequency of colonic adenocarcinoma varies widely geographically (Burkitt, 1971).
The incidence of carcinoma in the colon of immigrants to high incidence sites, such as
Europe and North America, tends to approach that of the adopted country (Stemmer-
man, 1970). This strongly suggests environmental rather than genetic factors as being of
major importance. Experimental work has shown that known carcinogenic substances are
bound to glucuronide in the liver and that certain colonic bacteria are capable of splitting
such substances thus activating these carcinogens within the colon. This provides a poten-
tial for tumor growth within the exposed mucosal field (Hill, 1974). To what degree such
potential carcinogens are endogenous and exogenous is not clear though diet is certainly
strongly implicated (Burkitt, 1971). This information suggests an attractive hypothesis,

i.e. that western highly refined low roughage diets produce either more carcinogens or
carcinogens acting over a longer period of time on the colon. Activations of such carcino-
gens by colonic bacteria would be expected to produce their maximum effect on the left
side of the colon as water is absorbed from the fecal stream, which of course fits well with
the known site of predilection of large bowel carcinoma. The response to such carcinogenic
stimuli, presumably is modified to an unknown degree by genetic factors, as in adenomatosis.

Of more immediate concern to the clinician is whether adenocarcinoma, however produced
on a basic level, develops de novo from previously normal mucosa, or only or predominant-
ly within preexisting adenomas. This point is of great practical importance in management
aspects of the patient with adenoma.

Fig. 28. Pseudoinvasion in adenoma. Pools of mucin in submucosa of adenoma. X 100
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1. Pseudo Invasion

Before considering the question of carcinoma arising in adenoma it is necessary to be
aware of various histologic patterns mimicking carcinoma.

Castleman and Krickstein (1962) emphasized that many adenomas reported as containing
invasive carcinoma were in reality merely examples of adenomatous epithelium in which

the plane of section cut through the irregular glandular base, thus presenting as islands of
epithelium apparently within the stroma. More recently it has been shown that true isolated
patches of glandular, but benign, epithelium may exist in the submucosa of adenomas (Fech-
ner, 1973; Muto et al., 1973; Greene, 1974). The terms “misplacement” and “pseudo inva-
sion” have been used for this phenomenon. This is not a rare occurrence and has been found
by Greene (1974) in 6% of patients with adenoma and in 38% of adenomas associated with
carcinomas. Pools of mucin without apparent epithelium in the submucosa of adenomas
may also appear in a particular plane of section (Figs. 28 and 29). Pathologists must be
altert to this phenomenon if error is to be avoided. The differential diagnosis is usually

not difficult. Three points are most helpful in this differentiation:

(1) The cytology is identical to adenomatous or rarely to normal epithelium. The cell clus-
ters of colloid carcinoma and the nuclear atypia of carcinoma are not seen (Fig. 30).

(2) There is usually deposition of hemosiderin in the vicinity indicating old hemorrhage,
either secondary to trauma or to vasoocclusive phenomena.

Fig. 29. Pseudoinvasion in adenoma. One mechanism by which mucin may be extravasated into stroma.
Note ruptured adenomatous gland with outpouring of mucin. X 100



125

(3) There is usually no desmoplastic reaction as would be expected in an invasive carcinoma.

Pseudo invasion in adenomas is more common in larger adenomas and in the sigmoid (Greene,
1974). It is assumed that pseudo invasion is due to displacement of epithelium through a de-
fective muscularis mucosa with subsequent regeneration and continued secretion. Rupture

of glands with release of mucin is another possible mechanism (Fig. 29).

Fig. 30. True invasion. Invasive mucinous adenocarcinoma in adenoma. Note mucin pools with cell
clusters. Adenoma not in field. X 65

2. Villous Adenoma

This will be discussed separately since these tumors in their classical form have never been
part of the controversy of the adenoma-carcinoma sequence.

While there is no doubt that intergrades are common, the fully villous adenoma is a fairly
distinctive entity. While occasionally pedunculated, the classic lesion is usually sessile and
often quite large. In Bacon’s series (Bacon et al., 1971), 35% of his cases of villous adenomas
involved the entire circumference of the bowel. The lesions are usually soft and shaggy and
easily missed by rectal examination. Firm areas nearly always indicate coexisting invasive
carcinoma (Quan and Castro, 1971). The average age of patients with these tumors is
slightly higher, 62 years, than for other types (Enterline et al., 1962). About two-thirds

of these tumors present in the rectum and only about 10% are proximal to the sigmoid
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(Olson and Davis, 1969). About 85% of the patients are symptomatic (Quan and Castro,
1971), usually presenting with bleeding or diarrhea. Of interest is the fact that some of
these tumors apparently act as selective excreters of potassium. This may produce hypo-
kalemia leading to sudden collapse, confusion and coma precipitated by heat or by fluid
or salt restriction (Babior, 1966).

3. Development of Carcinoma in Villous Adenoma

Even those who have considered adenomas in general to be of no importance in cancer
pathogenesis (Castelman and Krickstein, 1962; Spratt and Ackerman (1962) have admit-
ted that carcinoma occurs frequently in villous adenomas. The reported incidence of car-
cinoma varies widely (Nicoloff et al., 1969) depending in part on selection. Some authors
have only reported on those tumors which by clinical inspection or biopsy were considered
initially benign. The incidence of invasive cancer must be at least 25% and more likely
closer to 50% of total villous adenomas. In addition, at least half of the villous adenomas
without invasive carcinoma will be found to have varying degrees of dysplasia. Such inva-
sive carcinomas as do arise are fully capable of metastasis (Enterline, 1962). Prognosis
should be judged as one would judge any colonic carcinoma of like size, depth of penetra-
tion and degree of differentiation. There is a direct relationship of size of the villous ade-
noma and incidence of invasive carcinoma, though invasive carcinoma has been reported

in villous adenomas of less than 2 cm (Quan and Castro, 1971). Biopsy has been notorious-
ly unreliable as a means of ruling out the presence of carcinoma, because the desmoplastic
reaction of invasive cancer tends to “stitch” such areas into place allowing the loose sub-
mucosa to prolapse presenting the benign portion for biopsy.

A reasonable treatment approach appears to be local excision of the entire adenoma, care-
ful study of the excised tissue for the presence of invasive carcinoma, and a follow-up more
radical procedure if thus proven necessary. Quan and Castro (1971) report a 12% local re-
currence rate and a 71% five year survival in a group of 125 villous adenomas with carci-
noma. This includes, however, cases with carcinoma in situ.

In our original study, 17 of 81 villous adenomas were associated with other tumors of the
colon, of which 16 were carcinoma and three of these 16 had more than one carcinoma
(Enterline, 1962). The Memorial Hospital study (Quan and Castro, 1971) reports 16% of
their cases to be associated with other cancers of the colon and 49% to be associated with
other adenomas. It is clear that the management of a villous adenoma demands careful
study of the entire large bowel and careful followup studies in addition to the therapy
for the villous adenoma itself.

4. The Relationship of Adenoma to Adenocarcinoma

The question of the importance of adenomas in the pathogenesis of carcinoma may be
sought at two levels. At one level is such information as age and site comparisons of ade-
noma and carcinoma, and evidence on whether or not the association of carcinoma and
adenoma is more than random. Such lines of evidence can be expected to establish or
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disprove whether there is some link between adenoma and carcinoma. It can do no more,
however, than establish a “fellow traveller” status for adenoma. At another level are re-
ports on such questions as in what background minute carcinomas are found, i.e. in normal
mucosa or adenoma; chromosomal and histochemical observations in adenomas and carci-
nomas; and finally, whether surgical prophylactic excision of adenomas has any influence
on the incidence of subsequent carcinoma. These will be discussed in order.

5. Age of Patients with Adenoma and Carcinoma

If adenomas precede and give rise to carcinomas, one would expect that they would occur
in a younger age group. In our own study (Enterline, 1962) we would find no such differ-
ence, the average age of adenoma being 59 years and of carcinoma, 60. This was also true
of Grinell and Lane’s (1958) study, whose series of adenomas averaged 62 and of carcino-
mas, 58. These authors, however, point out the difficulties in determining age of onset of
adenomas from ordinary surgical experience, and suggest that figures from cancer detection
clinics, where asymptomatic patients of all ages are examined, are probably much closer to
the true age. These figures show average ages of 50.2 for adenoma and 57.6 for carcinoma —
a seven year differential. Morson (1974b) estimates an eight year differential between the
peak ages of adenoma and of carcinoma. He also states that the average of the appearance
of adenomas in familial adenomatous polyposis is 15 years earlier than the average of car-
cinomas in such patients. It would appear that there is a significant time lapse between the
appearance of adenoma and carcinoma quite sufficient to postulate the latter arising from
the former.

6. Site of Adenomas and Carcinomas

The location of adenoma and carcinoma within the large intestine has been extensively
reported. Although the sites of predilection of carcinoma are clear enough (Falterman et
al., 1974), there are problems both of incidence and location in the reporting of adenomas.
Authors subdivide the division between colon and rectum in differing fashion and many re-
ports fail to distinguish between metaplastic and adenomatous polyps. In many series not
all polyps found were examined microscopically. Thus Blatt (1961) reports that over 50%
of polyps less than 3 mm in his series were of the metaplastic type. Series based on surgical
material accentuate rectal and sigmoid lesions because of cases diagnosed during routine
sigmoidoproctoscopic examinations. Autopsy figures are presumably more accurate and
show less of a sigmoid-rectal predominance. I have listed some selected reports on sites of
adenoma in Table 2 and have used Falterman et al.’s (1974) huge series of carcinomas for
contrast. Those reporting extremely high incidence figures of adenoma, Chapman (1963),
also report a relatively more uniform distribution of polyps in the large intestine. Many

of these may be metaplastic. Ekelund’s studies (1974) and those of Ekelund and Lindstrom
(1974) are in some respects unique and very valuable. They are dealing with a stable and
relatively isolated population in which nearly all patients are seen at one hospital and in
which the autopsy rate is 99%. Ekelund and Lindstrom (1974) conclude from both their
autopsy and surgical material that “‘the subsite frequency distribution of solitary polyps



128

is similar to that for solitary carcinomas. When solitary and multiple polyps were taken
together — the distribution of benign polyps was relatively more even than that of carci-
noma.” There is a general, but not exact, concordance of site of adenoma and carcinoma.
Compared with carcinoma there is some excess of adenomas in the right colon and some
deficit of adenomas in the sigmoid and rectal region.

Table 2.
Caecum
Ascending  Transverse Descending Sigmoid and
Colon Colon Colon Rectum
Adenoma
Helwig (1947)
1437 autopsies 22% 15% 11% 48%
Edwards and Jackman (1957)
802 autopsies 35% 12% 13% 48%
Blatt (1961)
446 autopsies 37% 25% 11% 27%
Ekelund (1974a)
3041 autopsies 24% 19% 11% 45%
Ekelund (1974a)
456 surgical 26% 12% 10% 52%
Grinnell and Lane (1958)
1640 surgical 6% 9% 5% 79%
Carcinoma
Falterman et al. (1974)
2313 cases 18% 9% 7% 65%

Spratt and coworkers (1958) had also concluded that distribution of adenomas and carci-
nomas are not homogeneous and therefore, in their opinion, not related. They have shown
that given patients with both adenomas and carcinomas, the adenomas tend to be more
distal in the caecum and ascending colon and more proximal in the rectum and sigmoid.
They argue that if indeed adenomas are the source of carcinoma, the distribution of ade-
nomas in such cases should be randomly distribyted in relation to the carcinomas. This
view can only be considered valid if it is assumed that all adenomas have the same pro-
pensity for carcinoma regardless of site. Ekelund (1974) has studied this question in a
slightly different fashion and has shown that segment for segment, in patients with both
adenomas and carcinomas, the adenomas were most frequently found in the same segment
as the carcinoma.

7. Incidence of Adenoma and Coexistence with Carcinoma

Incidence reports of adenomas from clinical studies have varied between 5.3% and 11.6%
(Blatt, 1961), and in autopsy studies from Helwig’s (1947) 9.5% to Chapman’s (1963) 51%.
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There is no mention of metaplastic polyps in this latter series. Ekelund’s (1974) autopsy
figure was 12.5%. In the same series he found that 5.9% of the cases harbored one or more
carcinomas. Helwig (1947) reported 40 carcinomas in 1460 consecutive autopsies (2.7%),
of which 25 were large, frank carcinomas (1.7%). These figures are typical for European
and North American populations. There are marked geographical variations. For instance,
in the Bantu of South Africa, both adenomas and carcinomas are extremely rare (Bremner
and Ackerman, 1970).

Adenomas and carcinomas are very uncommon below 30, and all reports show a direct re-
lationship of adenoma incidence with age reaching 25% to 40% of the population above 70
(Blatt, 1961; Edwards and Jackman , 1957). Similarly, carcinoma shows a rapidly increas-
ing incidence after the age of 40 (Falterman et al., 1974).

Most series report a slight, but definite male predominance for adenoma. The same slight
male predominance seems to be also present for carcinoma (Berg and Howell, 1974), de-
spite some reports to the contrary (Falterman et al., 1974).

Morson and Dawson (1972) state that about one-third of all resected colons with carcino-
mas will have one or more adenomas in addition to the carcinoma. Other estimates are
somewhat less than this figure. It has been reported that cancer is from three to five times
more frequent in patients with adenomas than in those without (Goldgraber and Kirsner,
1957; Rider et al., 1959). Thus Rider et al. (1959), reporting on 1932 patients, showed
that of those without adenoma the incidence of carcinomas was 2.1%, with one adenoma
the figure was 11.6%, and was 21% in those with multiple adenomas. Grinell and Lane
(1958) have pointed out that patients with carcinoma have twice the frequency of mul-
tiple adenomas than those without carcinoma. Bussey and coworkers (1967) state that
patients with partial resections of colon for carcinoma who have coexisting adenomas, have
twice the expected (3.4%) incidence of metachronous independent carcinomas elsewhere
in the colon. Ekelund (1974) reported that of 115 patients with polyps, new polyps devel-
oped in 24 and carcinoma developed in three during an average followup of 102 months.
In a control group of 115 patients, in which adenomas were not found, only eight patients
developed adenomas and none developed carcinoma in a similar period of time.

From all of these lines of evidence one can conclude that (1) adenomas and carcinomas are
frequently associated in the same colon; (2) that this association is not random, the adeno-
mas tending to be most frequently found near the carcinoma; (3) patients with adenoma
are at an increased risk of developing carcinoma.

It seems clear that whatever basic carcinogenic factors are operative in the production of
adenoma are also operative for carcinoma. It neither proves nor disproves the origin of
carcinoma from adenoma as opposed to origin in “normal’ mucosa.

More direct lines of investigation are concerned with chromosomal, histochemical and his-
tologic studies of individual adenomas of various types.

Chromosomal studies of adenomas are scanty, as previously mentioned, and are reviewed
by Mark and coworkers (Mark et al., 1973). Abnormalities of the C and D group are com-
mon in adenomas and adenomas showing areas of ‘““atypia” or carcinoma in situ show ab-
normalities approaching the marked aneuploidy and abnormal individual chromosomes seen
in colonic carcinoma (Enterline and Arvan, 1967).
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Studies of enzyme systems of adenoma with atypia again show many similarities to those
of adenocarcinoma (Czernobilsky and Tsou , 1968).

There is no question that areas in adenomas show variations in cytology in the direction
of loss of polarity, cellular pleomorphism, loss of normal tubular configuration, and at
times, clear cut invasive carcinoma. In reading various reports it is difficult to compare
figures. There is no good agreement on degrees of atpyia. Some divide their case by “de-
gree of differentiation,” some lump atypia, in situ and intramucosal carcinoma with in-
vasive carcinoma. This accounts for much disparity of figures, but nonetheless much valu-
able information can be gleaned. It is clear that the occurrence of dysplasia and carcinoma
is not a random event and certainly that not all adenomas become malignant. Factors of
age, site, size and proximity to a large carcinoma and type of polyp play a role.

In deciding where in the spectrum of atypia, in situ and invasive carcinoma a given case fits,
it is important that the adenoma be step sectioned before deciding on the extent of such
change if present. I have seen adenomas which, in some sections showed minor atypia, in
other intramucosal carcinoma, and in still others, invasive carcinoma extending almost to
be the base of the stalk.

XII. Relation of Age to Atypia and Carcinoma in Adenoma

There are conflicting reports as to whether there is a higher incidence of atypia and carci-
noma in adenomas from older patients (Sato, 1974; Silverberg, 1970; Potet and Soullard,
1971). Of course, most adenomas containing focal carcinomas are in older patients since
the incidence of adenomas in general rises with age. Carcinoma within adenoma is ex-
ceedingly rare below 30 and very uncommon below 40.

XIII. Relation of Site to Atypia and Carcinoma in Adenoma

Ekelund (1974) states that the average “grade of differentiation” of adenomas is lower
(i.e. more dysplastic) the closer an adenoma is to the anus. Silverberg (1970), who lumped
noninvasive and invasive carcinomas together, found 24% of his sigmoid adenomas to con-
tain areas of “malignancy” in contrast to 7.5% of adenomas from the rectum. Our studies
(Enterline, 1962) reported that 7.6% of rectal adenomas contained carcinomas as contrast-
ed to 12% of those from the sigmoid. In Grinnell and Lane’s (1958) large series 2.3% of
adenomas proximal to the sigmoid contain invasive carcinoma, 3% of those in the sigmoid
did so and 2.8% of those in the rectum, a relative uniform incidence throughout. All but
eight of his 47 adenomas containing invasive carcinoma, however, were in the rectum or
sigmoid. All series show a similar preponderance in surgical material of rectal and sigmoid
lesions. In most series the percentage of adenomas with dysplasia or carcinoma is some-
what lower in the rectum as compared to the sigmoid.

It is clear that the majority of adenomas encountered surgically that contain areas of dys-
plasia or carcinoma are in the sigmoid and rectum. In part this is because these are the most
common sites for adenomas, but also probably because of a somewhat increased percent of
atypia and carcinoma in adenomas from these sites.
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XIV. Relation of Size of Adenoma to Atypia and Carcinoma

Whether one measures atypia, carcinoma in situ, or invasive carcinoma, there is a clear
direct relationship to the size of the adenoma in question. Such changes are uncommon

in adenomas less than 5 mm and quite common in large adenomas. In our surgical material,
(Enterline, 1962) atypia was seen in 3% of those under 1 cm and in 25% of those over 2 cm.
Culp’s (1967) figures for adenomas under 5 mm were 6%, for those over 1 cm, 24%. Many
authors have reported that the average size of adenomas containing areas of carcinoma is
at least double that of adenomas lacking such change (Enterline et al., 1962; Grinnell and
Lane, 1958; Silverberg, 1970). Grinnell and Lane (1958) have shown this to be true of
invasive carcinoma which was present in less than 1% of those under 1 cm and in 16% of
those over 2.5 cm. Morson’s (1974a) figures were 1.3% of those less than 1 cm, 9.5% of
those from 1 to 2 cm, and 46% of those over 2 cm. Other figures for invasive carcinomas
are comparable. Villous adenoma shows a less striking relationship of the presence of car-
cinoma to size, perhaps because very small villous adenomas are seldom reported as such.

For these reasons it is thought to be safe to follow rather than exterpate polypoid lesions
under 1 cm if their removal presents a hazard to the patient. The advent of the flexible
colonoscope has permitted removal of polyps high in the colon without laporoscopy.

XYV. Pedunculated vs Sessile

In our experience (Enterline, 1974), 46 of 61 adenomas with areas of invasive carcinomas
were in pedunculated adenomas. Thus, though the presence of a stalk provides a safety
margin as we will discuss, it does not guarantee a benign adenoma.

XVI. “Satellite” Adenomas in Patients with Carcinoma

Several authors (Ekelund and Lindstrom, 1974; Silverberg, 1970; Potet and Soullard ,
1971), have reported that dysplasia and carcinoma are distinctly more common in adeno-
mas from patients with associated frank carcinoma and in adenomas close to such carci-
nomas. This supports the theory that whatever carcinogenic stimuli for carcinoma aden-
oma exist tend to be maximally expressed in the same subsite of the colon.

Putting this another way the patient discovered to have an adenoma with a focus of car-
cinoma is at high risk, perhaps as high as 20%, of having independent metachronous or
synchronous carcinoma (Enterline, 1975).

XVIIL. Rélation of Carcinoma to Type of Adenoma

The high incidence of invasive carcinoma in villous adenoma is recognized by all observers.
In the past these have been considered quite distinct from other adenomas. Now, however,
the presence of intermediate types — in part villous, in part tubular — is generally accepted.
Focal villous change is reported to be present in as high as 35% of adenomas, and such
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changes appear to be size related (Fung and Goldman, 1970; Enterline, 1974). Fung and
Goldman (1970) found such focal villous elements in 6% of adenomas from colons not
containing villous adenomas or carcinoma, in 19% of adenomas from colons with coex-
isting carcinoma, and in 65% of adenomas which contained a focus of adenocarcinoma.
Similarly Kurzon et al. (1974) found carcinoma in only 1% of adenomas lacking villous
areas, in 18% of mixed lesions and in 48% of the pure villous adenomas. The latter author
suggests that the papillary pattern heralds an increase in malignant potential. My own ex-
perience (Enterline, 1974) leads me to agree that invasive carcinoma as well as atypia and
in situ carcinoma is much less common in the pure adenoma than in the mixed form. How-
ever, I found that only 1.2% of adenomas lacking any villous characteristic were larger than
2 cm and 80% were less than 1 cm, while in the mixed type 28% were larger than 2 cm
(Table 3). Size for size, however, the incidence of in situ carcinoma was comparable

(Table 4). Thus, in the 5 to 9 mm group, 7% of the tubular adenomas and 4.6% of the
mixed forms contained in situ carcinoma. While in the 10 to 14 mm range figures were
21% and 22% respectively. I would suggest that the increased malignant potential observed
is more a function of size. Obviously, however, villous pattern and size seem tied together.

Table 3. Incidence of in situ and invasive carcinoma in
tubular adenomas and tubulo-villous adenomas in series
from Hospital of the Universit of Pennsylvania (modi-
fied from Annals of Clinical and Laboratory Science
volume 4, number 3, 1974)

Insitu Ca. Invasive Ca.
Total No. % No. %
Tubular adenoma 174 12 7 1 .6

Tubulo-villous
adenoma 80 15 18.7 3 3.75

Total 254 27 10.6 4 1.5

Table 4. Incidence of in situ carcinoma in tubular and tubulo-villous
adenomas by size. Series from Hospital of the University of Pennsyl-
vania (modified from Annals of Clinical Laboratory Science volume 4,
number 3, 1974)

Tubular Adenoma Tubulo-villous Adenoma

Size Total No.in % in situ Total No.in % in situ
mm No. situCa. Ca. No. situCa. Ca.

1- 4 70 0 0 1 1] 0

5-9 69 5 7.2 22 1 4.6
10-14 19 4 21 18 4 22
15-20 14 2 14.3 16 4 25
21-30 1 0 0 17 4 23
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XVIIL. Significance of Carcinoma in Adenomas

Spratt and Ackerman in their 1958 report (Spratt and Ackerman, 1958), found that 43

of 434 polyps contained areas of micro carcinoma of which only one invaded the stalk.

At that time they stated “although the type of carcinoma which is excluded from the

stalk has the histologic appearance of carcinoma, it does not behave biologically as cancer.”
Neither they, nor later Castleman and Krickstein (1962) have seen metastases from such a
lesion. My own experience has been similar in that I have not yet seen metastases from car-
cinoma confined to the “head” of a stalked adenoma. The latter authors reviewed 60 ex-
amples which had been diagnosed as carcinoma in adenoma at their hospital and rejected
all but one case. Most were considered to be either examples of atypia or of pure polypoid
carcinoma with the remainder being examples of villous adenomas with or without carci-
noma. They were in agreement that, though carcinomas and adenomas were linked in some
fashion, the adenomas could not be an important predecessor of clinically aggressive carci-
noma. However, well documented examples of metastases from carcinoma in adenomas in-
cluding those with pedicles are now in the literature (Fernoglio and Lane, 1974, Strauss

and Pascal, 1975). In addition Strauss and Pascal (1975) have demonstrated a tumor as-
sociated antigen in intramucosal as well as invasive portions of such a carcinoma and in its
lymph node metastases. Despite this, metastasis from such carcinomas is rare, a fact which
has important surgical connotations.

To my knowledge it has not been proven that metastases in such situations occur without
extension at least into the muscularis mucosa, whether or not the adenoma is pedunculated.
An explanation for this has been offered in the recent demonstration (Fenoglio and Lane,
1973), that effective lymphatics do not exist superficial to the muscularis mucosa.

That metastases should occur at all is extremely surprising. We are considering here minute
carcinomas often measured in millimeters, and of limited degrees of invasion. To conclude
that these tiny cancers are therefore biologically not malignant would seem fallacious since
their natural history has been abruptly interrupted by the act of excision of their host aden-
oma. Metastases from polypoid carcinomas in which no adenomatous remnants can be dis-
covered are also only seen in cases in which at least the submucosa of the colon has been
invaded.

Though percentages may differ, and allowing for variation in interpretation, there is no
question that tiny neoplasms identical with adenocarcinoma occur in tubular and mixed
adenomas with some frequency. One can develop a series of cases showing every stage from
tiny foci of dysplasia through carcinoma in situ to truly invasive carcinomas. These, in turn,
show variation from minimal submucosal invasion to involvement of much of the stalk of
the polyp with replacement of all but a small fragment of the original adenomatous epi-
thelium.

In general, extensive stalk invasion appears to correlate with shortening and thickening of
the pedicle due to the accompanying fibrosis (Fig. 26). The presence of a long, thin pedicle
nearly always means that if carcinoma is present it has not invaded the stalk to any marked
degree. With continued invasion plus surface ulceration, all adenomatous remnants, and
indeed the stalk if present, could be expected to disappear, leaving an ulcerated plaque of
carcinoma bordered by non-adenomatous mucosal epithelium. Those who favor an adeno-
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matous origin for carcinoma point out that many so-called “independent” small carcinomas
reported may well have such an origin. Sessile villous adenomas, often involving large areas
of mucosa, would logically be expected to retain adenomatous elements despite rather ad-
vanced invasive carcinoma, and indeed this is a common experience. In contrast, one would
expect the tubular adenoma and mixed forms, especially those on pedicles, to rarely per-
sist in the presence of advanced cancer.

Spratt et al. (1958) failed to find adenomatous remnants in a series of 323 carcinomas.
Castleman and Krickstein (1962) concurred. Enterline et al. (1974) reported one percent
of a series of some 600 adenocarcinomas to show evidence of marginal adenomatous tissue.
At that time we were very careful to exclude cases in which adenomatous tissue showed

any foci of villous pattern, and were investigating only large clinical cancers. Morson (1974a)
reported that the incidence of such remnants was a function of the extent of the carcinoma,
being present in 56% of small Dukes A carcinomas, in 18% of those with invasion of the
muscularis propria, and 7.6% of Duke C carcinomas. Fenoglio et al. (1973) state that their
experience agrees with that of Morson. An interpretative problem exists since there is some
tendency for adenocarcinoma of the colon to be better differentiated peripherally and
rarely one may see highly differentiated foci of adenocarcinomas deep within the mus-
cularis propria (Fig. 6). Nevertheless, it seems clear that tissue histologically identical to
adenoma may persist at times in even well advanced carcinomas.

XIX. Evidence for Minute Carcinomas Independent of Adenomas

The most convincing evidence of the development of carcinoma independent of adenoma
would be the demonstration of minute areas of carcinoma in situ similar to those found

so commonly in adenomas. I’'m not aware of any such reports. Next most convincing would
be very small, though invasive, carcinomas without ulceration, to eliminate the chance that
these were merely the ulcerated base of what had formerly been an adenoma. Some cases
of minute allegedly independent carcinomas have been published, though reports of carci-
noma of 5 mm or less unassociated with adenoma are very rare. Of 20 cases of small can-
cers reported by Spratt and Ackerman (1962), only two were in this range, and one of
these showed distinct ulceration. Weingarten and Turell (1952) reported a 2 mm lesion

of the rectum which years later was excised (at the time measuring 2.5 mm) which was
diagnosed as adenocarcinoma. The photograph is of too poor quality to judge whether
adenomatous epithelium is at its edge. The surface is ulcerated. Turell (1959) states that
he has observed two carcinomas of 2 mm and 3 mm in diameter. No photographs accom-
pany the report. One of these two may be from the earlier report (Weingarten and Turell,
1952). I have seen only one carcinoma, not in an adenoma, in this size range. It measured
5 mm, was heavily ulcerated, and could well have represented the ulcerated base of a
sloughed-off larger lesion.

Though admittedly a tiny carcinoma in an adenoma is easier to detect than an equally
tiny carcinoma in a background of normal mucosa, it seems inconceivable, considering

the number of proctoscopic and sigmoidoscopic examinations performed, that numerous
examples of tiny independent carcinomas less than 5 mm would not be encountered and
reported if indeed this is the usual mode of origin of rectal and sigmoidal adenocarcinoma.
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Certainly many tiny metaplastic polyps of this size range are removed and diagnosed. A
special case might be made for carcinoma arising in ulcerative colitis. Precancerous changes
consistent with a diagnosis of carcinoma in situ can be found in that condition. Even here,
however, villous changes have been described (Morson and Pang, 1967).

XX. Results of Prophylactic Removal of Adenomas

Finally, if indeed adenomas give rise to colonic carcinoma, prophylactic removal of all
adenomas found in a population should have the effect of markedly reducing the incidence
of clinical carcinoma subsequently observed in that population. This assumption is compli-
cated in that it has been shown that the presence of adenoma defines a population at higher
risk of colonic cancer than true of the general population. Two good studies are available.
Prager and coworkers (1974) reported a population of 4400 patients of which 305 had
adenomas discovered and removed by proctosigmoidscopy. They achieved a 93% follow-
up. Twelve of the 305 were later discovered to have carcinoma within 15 years. This was
twice the expected number of cancers. However, all carcinomas discovered were beyond
reach of the sigmoidoscope. Gilbertsen (1974) recently reported on an ongoing study of
25 years duration. The study population consisted of 18,000 patients of age 45 or older

at entrance to the study. All benign polyps encountered at annual proctoscopies were re-
moved. The number of rectal cancers expected was between 75 and 80. The number en-
countered was 11. All of these were localized and only one of the 12 had extended to the
muscularis propria. None had lymph node metastases. The most advanced cancer had been
followed for a two and one-half year period before the patient would permit its removal.
These two studies indicate that indeed the development of cancer, at least in an accessible
site, is markedly reduced by the routine and systematic removal of adenomas.

1. Summary of the Adenoma-Carcinoma Sequence

It has been shown that:

1. Carcinoma and adenoma of the colon and rectum are linked in incidence in high and
low risk geographic areas.

2. That patients with adenomas are at an increased risk of carcinoma.

3. That there is a rough, if not exact, subsite relationship between the distribution of
adenomas and carcinomas within the large bowel.

4. That carcinoma does develop within adenomas and such change is a function of size
(? duration) and type of adenoma.

5. That a series of adenomas can be collected showing all changes from focal atypia to
-full-blown clinical carcinoma.

6. That truly minute carcinoma rarely, if ever, are discovered independent of adenoma.

7. That systematic removal of adenomas does result in a sharply lowered incidence of
later cancer in the segments of large bowel so managed.
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It has been customary to preface articles on this subject with such statements as “the
question of the relationship of adenoma to carcinoma of the colon has been the subject

of much controversy.” Indeed this is true. As a result of this “controversy” a great deal

of information has accumulated in the past 15 years. In my opinion, this information has,
beyond reasonable doubt, established that most if not all colonic carcinoma begins within
a nexus of adenoma. While it would be both hazardous and unnecessary to claim such
origin for every colonic carcinoma, the development of carcinoma in some other fashion
must be the uncommon exception. Certainly only a small percentage of adenomas undergo
this sequence. The sequence itself must be a slow process, but clinical prophylaxis of co-
lonic cancer must be directed at the adenoma.

2. Practical Application of Current Knowledge of the Adenoma-Carcinoma Sequence

The clinician is faced with a polypoid lesion of the colon or rectum, however discovered.
The gross appearance of polyps is not sufficiently distinctive to permit diagnosis short of
excision and histologic examination. A possible exception is the common metaplastic
(hyperplastic) polyp which the experienced clinician can learn to recognize and ignore.
Pedunculated polyps give rise to metastases so rarely whether the polyp is an adenoma
with carcinoma or a polypoid carcinoma; that if the base of the stalk is free of carcinoma,
local excision plus followup is adequate therapy. Frozen sections transverse to the base
of such lesions are helpful and are preferred to frozen section sampling of the “head.”
Large sessile lesions are best treated by colonic segmental resection since the incidence

of cancer in those over 2.5 cm is at least 25%. A frozen section cannot be relied upon on
such lesions to eliminate the possibility of carcinoma. Similar lesions and villous adenomas
in the rectum are best treated by initial local resection with later therapy planned after
thorough histologic examination and not by frozen section. The presence of one proven
adenoma of the colon or rectum places the patient in a higher risk category for the devel-
opment of carcinoma. This risk is increased in those with multiple adenomas and also is very
high in those with villous adenomas or with adenoma of whatever type containing in situ
or invasive carcinoma. Such patients demand very careful and long term followup with
examination of the entire colon by whatever means at intervals best not exceeding one
year. Patients with adenomatous polyposis of course require colectomy. Those in which

a rectal stump is permitted to exist require additional close attention and frequent exam-
ination.

XXI. Summary

I have attempted to show the diversity of types of lesions which may present as polyps of
the colon or rectum, their identifying characteristics and their relation, if any, to carcinoma.
Of these the colonic adenoma and its variants have been shown to be significantly associated
with carcinoma. Of adenomatous polyps the large polyps, of the mixed and villous forms,
are at the highest risk of developing carcinoma within them. There is good and compelling
evidence to indicate that most carcinomas of the colon develop within adenoma.
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1. Introduction

“Of all branches of technology capable of conferring on histopathology an increase in ob-
Jectivity, histochemistry must take first place” (Pearse, 1975). Pathologists often face diag-
nostic problems which are difficult or impossible to solve by routine histological methods,
but which may be resolved by histochemical techniques for the detection in cells and tissues
of a variety of enzyme activities, specific substances and reactive groups.

Enzyme histochemistry has been applied to benign and malignant tumours of the large
bowel in an attempt to assess their malignant potential and prognosis, but the results have
not encouraged the use of such methods in diagnosis (Wattenberg, 1959; Willighagen and
Planteydt, 1959; Czernobilsky and Tsou, 1968; Filipe, 1971a; McGinty et al., 1973;
Marsden and Dawson, 1974). Likewise, changes described by Monis and Mendeloff (1965)
as characteristic of ulcerative colitis have not been confirmed (Melnyk et al., 1967; Filipe,
1971a), and up to now enzyme histochemistry has failed to help diagnostically.
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However, advances in the chemical identification of mucosubstances and a better knowledge
of how to stain them have transformed this field of research, now providing a promising in- .
strument for diagnosis, as well as giving insights into the synthesis and secretion of mucus.
Further advances in the biological role of these compounds will depend on close collabora-
tion between histochemistry, biochemistry and immunology.

The study of mucins in the normal colonic mucosa and their variations in neoplasia and in-
flammatory states appears rewarding. The first results have aroused great expectations and
these will be discussed as follows:

a) Detection of early malignancy in the general population;

b) Identification of the origin of metastatic adenocarcinoma;

c) Classification of polyps and assessment of their malignant potential;

d) Prediction of malignant change in patients at risk with inflammatory bowel disease;

e) Differential diagnosis of ulcerative colitis and Crohn’s disease.

It should be noted at once that histochemical demonstration of mucosubstances offers ad-
vantages over many other branches of technology in the simplicity of handling and prepara-
tion of material, technical assistance and laboratory facilities required, for these are little
more than those routinely employed.

II. Classification of Mucosubstances

Mucosubstances is the general term proposed by Spicer et al. (1965) to include all the carbo-
hydrate-containing compounds which can be detected in cells and tissues by histochemical
methods. The word mucin is reserved for epithelial mucosubstances, whilst mucopolysac-
charide should be used only for those present in connective tissue.

Although well aware of the differences between histochemical methods applied to tissue
sections and chemical reactions taking place in vitro, we think it advisable, whenever possible,
to correlate histochemical results with those of biochemical analysis. Bearing this in mind, we
may say that mucosubstances visualized histochemically in colonic epithelium (mucins), cor-
respond with glycoproteins of biochemical nomenclature (Jeanloz, 1960, 1963).

Glycoproteins, as defined by Gottschalk (1966), are conjugated proteins which have as pro-
sthetic groups one or more heterosaccharides with a relatively low number of sugar residues,
that lack a serial repeating unit and are bound covalently to the polypeptide chain. In glyco-
proteins many of the short carbohydrate units have a terminal sialic acid group. Only a few
types of sugar occur, the most common being D-mannose, D-galactose, L-fucose, N-acetyl
D-galactosamine, and the N- and O-acetyl and N-glycolyl derivatives of neuraminic acid.
Ester sulphates can also be found in glycoproteins, and sometimes both sialic acid and ester
sulphate are present in the same molecule. Uronic acid is not found. The carbohydrate moi-
ety is linked to the polypeptide chain by an O-glycosidic bond between the aminoacids serine
or threonine and N-acetyl-D-galactosamine (Gottschalk, 1966; Spiro, 1969a, b, 1973).

Glycoproteins are the major components of epithelial mucous secretions.
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Mucosubstances, in general, can be classified by their histochemical properties into two main
groups:

1. Neutral mucosubstances: These contain sugar units with a neutral charge, such as D-galac-
tose, D-mannose, L-fucose, and the N-acetyl derivatives of hexosamines. They are readily
detected by the PAS technique.

2. Acid mucosubstances: These contain acidic groups which have a strong negative charge
and include uronic acid, phosphates, sialic acids and sulphate groups. They are usually
identified by their affinity for basic and metachromatic dyes. They can be further subdi-

Table 1. Histochemical Methods to Visualize Epithelial Mucins

Method Interpretation

Light Microscopy

Fixation in 10% neutral formol-calcium; paraffin sections

Periodic acid-Schiff (PAS) Magenta: All MS containing hexoses and deoxyhexoses with
vic-glycol groups; glycogen, neutral MS, some non-sulphated
acid MS.

Alcian blue pH 2.5 (AB 2.5) Basophilia: weakly sulphated MS, carboxy! groups of sialo-
mucins.

Alcian blue pH 1.0 (AB 1.0) Basophilia: sulphated MS.

High iron-diamine (HID) Brown-black: sulphated MS.

Sialomucins unstained.
High iron-diamine-Alcian blue Brown-black: sulphated MS.
pH 2.5 (HID-AB) Basophilia: Non-sulphated acid MS (sialomucins)

Methylation-HCL, followed by Complex mechanism. Possible effects:

saponification a) Esterification of carboxyl groups:

eliminates basophilia of sialomucins.
Carboxyl groups regain basophilia after
saponification.

b) Carboxyl groups form lactones.

c) Hydrolysis of sulphate esters.

d) De-O-acylation; de-N-acylation.

e) Cleavage of ketosidic bonds between terminal sialic
acids and the glycoprotein.

Neuraminidase digestion Hydrolysis of sialic acids, some sialomucins lose basophilia.
Q-acetyl derivatives are resistant.

Electron Microscopy

Fixation in glutaraldehyde. Resin embedding.

Periodic acid-Chromic acid-silver As PAS.
methenamine (PA-CrA-Silver)
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vided, according to the absence or presence of one or other acid groups, by varying the pH
or the salt concentration of the staining solutions, and by the use of iron-diamine techniques.
The specificity of the methods to identify the various acidic groups can be increased by se-
lective enzymatic digestion (e.g. Vibrio cholerae sialidase) and blocking techniques (e.g.
methylation). They may also contain vic-glycol groups and so give a PAS reaction.

The histochemical methods used for the detection of mucosubstances depend on the chem-
ical groups present in the carbohydrate moiety, and those more commonly used at light and
electron microscopic levels are shown in Table 1.

III. Histochemical Properties of Colonic Mucins
Histochemical techniques reveal neutral, acid sulphated, and acid non-sulphated mucosub-

stances in normal colonic epithelium (Filipe, 1969; Gad, 1969; Filipe, 1971b; Mikeli et al.,
1971) (Table 2).

Table. 2. Distribution of epithelial mucins in the large intestine: normal and transitional mucosa

Key: A = normal mucosa (left colon); B = normal mucosa (right colon); C = “transitional’” mucosa.
1 = cell coat; 2= surface and upper crypt; 3= middle crypt; 4= lower crypt.
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Goblet Cell Mucin (GCM): The secretory product of the goblet cell is complex and displays
both neutral and acid groups. Neutral mucins are all periodate-reactive, giving a positive
PAS reaction which is not modified by prior diastase digestion. They contain hexoses, such
as glucose, galactose and mannose, and the methyl pentose, fucose, which all have vic-glycol
groups readily oxidized by periodic acid to form dialdehydes. These aldehydes will then re-
act with Schiff’s reagent to form a substituted red dye. Neutral mucins are not a significant
constituent of the GCM, but there may be other substances in the secretory product, such
as derivatives of sialic acids, which will also give a positive PAS reaction (Montreuil and Bi-
serte, 1959; Esterley and Spicer, 1968; Pearse, 1968). Many other substances like polysac-
charides (e.g. glycogen), certain carbohydrate-protein complexes, and glycolipids can all re-
act similarly with periodic acid and combine with Schiff reagent (Pearse, 1968), but in par-
affin-embedded material, after diastase digestion and with controlled oxidation by periodic
acid for only 10 min, the PAS reaction demonstrates vic-glycols which are present only in
neutral and some acid mucosubstances ( sialomucins).

Sulphomucins and sialomucins: These are the main carbohydrateprotein complex in GCM.
They both react with cationic dyes, the most common of which is Alcian blue: the negatively-
charged ionized groups in the acid mucins react with the positively-charged dye, most prob-
ably through the formation of salt linkages. The separation of the two main acid radicals in
the acid mucins (i.e. the carboxyl groups of the sialomucins and the sulphates) can be at-
tempted in various ways.

Alcian blue solutions can be used at different pHs. Both sulphomucins and sialomucins show
basophilia with Alcian blue at pH 2.5 (Mowry and Morard, 1957), but when the pH is lowered
to 1.0 basophilia persists only in those goblet cells containing strongly sulphated mucin (Lev
and Spicer, 1964).

By adding various concentrations of MgCl, to the Alcian blue solution at pH 5.8, it is pos-
sible, according to the “critical electrolyte concentration” (CEC) concept of Scott and Dorling
(1965), to differentiate carboxyl groups which cause basophilia at low electrolyte concentra-
tion, from sulphate groups which have higher CECs. CGM shows intense basophilia at 0.2M
concentration of MgCl,, indicating the presence of acid mucosubstances, but at a higher mo-
larity (0.4M MgCl, ) basophilia disappears or decreases in goblet cells containing sialomucins,
whilst it persists, though weakly, in those where sulphated groups predominate.

The distinction between sulphomucins and sialomucins can be successfully achieved in colonic
epithelium by diamine methods. The high iron-diamine (HID) method specifically stains sul-
phomucins brown-black, but leaves sialomucins unstained (Spicer, 1965; Gad and Sylven,
1969; Sorvari and Arvilommi, 1973). When followed by Alcian blue at pH 2.5, the sulphated
groups in the GCM react with the diamines to give a brown-black colour, whilst the sialomu-
cins react with Alcian blue and are coloured blue. It is not infrequent to find both types of
acid mucin in the same cell. The method is essentially based on the reaction taking place be-
tween the two isomers, m and p of diamines and periodate-engendered aldehyde groups. The
reaction is accelerated by adding ferric chloride as oxidant. Ferric chloride also lowers the
pH of the solution (Sorvari, 1972) and thus prevents the ionization of carboxyl groups which
could react with the positively-charged diamine complex. Ferric ions may also have a greater
affinity than diamines for nucleic acids, and thus render the technique more specific. The
high iron-diamine method followed by Alcian blue at pH 2.5 (HID-AB) is routinely and
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successfully applied to colonic biopsies in our laboratory to reveal sulphomucins and sialo-
mucins simultaneously.

Further characterization of the carboxyl and sulphated radicals in the GCM is obtained by
methylation and sialidase digestion. Strong methylation with methanol-HCI (Spicer and
Lillie, 1959) results in a complete absence of colour reaction with HID-AB. Mild methyla-
tion fails in most cases to remove the basophilia attributed to carboxyl groups. Methylation
using thionyl chloride solution (Stoward, 1967, 1968) reduces the staining of sulphomucins
by HID, thus making the affinity of carboxyl groups for Alcian blue more apparent in the
HID-AB sequence. The mechanism of methylation is complex and the results are difficult
to interpret. Formerly these solutions were thought to esterify the carboxyl groups in acid
mucosubstances and proteins and to remove sulphate hemi-ester groups. More recent work,
however, suggests that carboxyl groups undergo transformation to lactones rather than be-
come esterified (Sorvari and Stoward, 1970a, b). Also reactions such as de-O-acylation,
de-N-acylation and the cleavage of the ketosidic bonds linking terminal sialic acid residues
to glycoproteins may take place (Reid et al., 1974). The treatment of sections by KOH in
methanol (saponification) restores the basophilia due to carboxyl groups removed by pre-
vious methylation. But it may also produce an increase in PAS reactivity (KOH-PAS effect),
possibly owing to the greater number of 1-2 glycol groups and/or a-amino alcohols available
(Culling et al., 1971). Recent work suggests that the presence of O-acylated sialic acids in
GCM may be responsible for the KOH-PAS effect (Reid et al., 1973; Culling et al., 1974).
An increase in basophilia with Alcian blue at pH 1.0 and HID staining after saponification
also occurs in GCM, a change attributed to unmasking of sulphate or other highly acidic
groups.

The staining properties of GCM are variably affected by treatment of the sections with

Vibrio cholerae neuraminidase (Sorvari and Lauren, 1973), some being resistant, whilst

other goblet cells show a decreased affinity for Alcian blue at pH 2.5 after incubation with

the enzyme. The presence of neuraminidase-resistant sialomucins has been described through-
out the gastrointestinal tract (Lev and Spicer, 1965; Filipe, 1971b; Mikeld et al., 1971; Culling
et al., 1974). Biochemical estimation of the sialomucins in our material from human colon
reveals that 50-60% are resistant to enzymatic hydrolysis (Filipe and Cooke, 1974; Rogers

et al., in preparation). These are most probably O-acetyl derivatives, which have been found

to be resistant to neuraminidase hydrolysis (4ndrews et al., 1967; Ravetto, 1968; Drzeniek,
1973; Sorvari and Lauren, 1973; Culling et al., 1974).

Cell Coat: Histochemical techniques at light and electronmicroscopic levels reveal the pres-
ence of a carbohydrate-rich layer covering the free surface of the epithelial cells (/fo, 1965a;
Rambourg and Leblond, 1967). It is tightly bound to the plasma membrane and must be con-
sidered an integral part of it (Winzler, 1970; Rambourg, 1971). In colonic epithelium it stains
like sulphated acid mucins: a strong basophilia with Alcian blue at pH 2.5 and pH 1.0, and a
brown-black colour with the HID technique. A positive reaction with PAS not modified by
prior diastase digestion is attributable to both fucose and sialic acid residues. The glycopro-
tein nature of the cell coat is clearly revealed at EM level by an intense silver deposit by
PA-CrA-silver methenamine (Rambourg and Leblond, 1967; Rambourg, 1973) or by Thiéry’s
(1972) periodic acid-thiocarbohydrazide-silver technique, and with Hale’s colloidal iron stain
(Ito, 1965a). The presence of sulphate groups has been confirmed by uptake studies with
35804 (Ito and Revel, 1964; Ito, 1965b).
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The glycoprotein composition of the cell coat is thus not unlike that of goblet cell mucus
(Forstner, 1970; Lukie and Forstner, 1972), but there is strong evidence that the surface
coat carbohydrate is synthesized in absorptive rather than in goblet cells (/7o and Revel,
1964; Ito, 1965a, b; Neutra and Leblond, 1966a, b; Rambourg and Leblond, 1967; Ram-
bourg et al., 1969; Bennett and Leblond, 1970).

IV. Mucin Distribution within the Crypt and its Regional Variations

A variety of epithelial cells is found in the crypt and luminal surface of colonic mucosa,
each crypt level being characterized by a cell population which chiefly reflects different
degrees of maturation (Pittman and Pittman, 1966; Kaye et al., 1973; Dawson and Filipe,
1976a).

Histochemical, biochemical and ultrastructural changes take place during this regular pro-
cess of cell differentiation. Undifferentiated and immature cells, capable of DNA synthesis
and proliferation, predominate at the bottom of the crypt (Lipkin et al., 1963; Immondi
et al., 1969; Deschner, 1970). As the cells migrate towards the surface, they lose their ca-
pacity for DNA synthesis and mitotic activity, to develop ultrastructural features of mature
goblet and absorptive cells in the middle and upper crypt. In the surface epithelium the cells
eventually degenerate, lose their mucin content and die, finally being extruded into the lu-
men. Parallel with cell differentiation there seems to be a gradient of glycoprotein synthes-
is, incomplete glycoproteins being found in the surfaces of less mature cells, and in the
small intestine there are differences in the glycosyl and galactosyltransferases of the im-
mature crypt and mature villous cells. These findings suggest that there may be similari-
ties between immature mitotically-active intestinal cells and their counterparts in both
fetal gut and neoplasms (Weiser, 1973a, b; Isselbacher, 1974).

The mucins of the goblet cells have also been shown to vary with their level in the crypt
(Table 2). In the left colon, sulphomucins predominate in the lower half of the crypt. In
the upper crypt one may see the same pattern as in the lower half, but more often both
sulphomucins and sialomucins are present. In the surface epithelium both types of acid
mucin can be found, either separately in single cells or together in variable proportions in
the same cell. Neutral mucins may also be found: in moderate amounts in the upper crypt
and surface epithelium, and less in the lower crypt.

The composition and distribution of goblet cell mucins described above has been seen by
us in more than 100 left colons and are reported similarly by others (Gad, 1969; Mdkeld et
al., 1971). Together they may be taken as the normal mucous pattern of the left colon, in-
cluding descending and sigmoid portions and rectum. In the right colon, which for our pur-
poses seems to include as far as the splenic flexure, the mucous pattern differs from that of
the left half (Table 2). In most of our specimens (though not all) sialomucins are present
in the lower third of the crypt, whilst sulphomucins occupy the upper two thirds (Greco

et al., 1967; Filipe and Branfoot, 1974; Lev and Orlic, 1974).

It is tempting to correlate the variations in mucins along the crypt with cell differentiation.
Neutral mucins predominate in immature cells but are later replaced by strongly acid ones, and,
at a final stage in the biological cycle of the cell, weakly acid mucins become the major com-
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ponent. It is interesting to note that in early fetal life colonic mucus contains sialic acids,
and that only in later development do ester sulphates appear as part of the goblet cell
mucus (Lev, 1968; Lev and Orlic, 1974).

The presence of one or both types of acid mucin in a single goblet cell can possibly be ex-
plained by the formation of two separate polymers, or one polymer with varying propor-
tions of sialic acid and sulphate (Spicer, 1965; Spicer and Sun, 1967). There is evidence
that sialic acid-producing cells can also synthesize sulphated material (Draper and Kent,
1963), and the two radicals can co-exist in various mucus-secreting cells (Bignardi et al.,
1964; Lamb and Reid, 1969; Kent, 1971). The latter provides a logical hypothesis to ex-
plain some of the changes seen in malignancy and is discussed below. The regional variations
in mucin distribution between left and right colons may be related to differences in embry-
ology and physiology, but they are as yet poorly understood.

V. The Synthesis and Functions of Intestinal Mucins

Glycoproteins are the main carbohydrate-protein component of the mucus secreted in the
intestine. They are essentially carbohydrate and protein moieties linked by a covalent bond.
Their synthesis takes four main steps:

1. Synthesis of the protein molecule;

2. Linkage of carbohydrate units to the peptide chain;
3. Assembly of the carbohydrate units;

4. Sulphation.

The protein part is a string of aminoacids assembled in the ribosomes under genetic control
(Spiro, 1973; Winzler, 1970). High resolution autoradiography and cell fraction studies with
labeled aminoacids show that protein precursors appear at an early stage in the rough endo-
plasmic reticulum and only later in the Golgi area (Revel, 1970; Shenkein and Uhr, 1970).
It is thought that synthesis of the protein is completed independently before any carbohy-
drate is attached to its peptide chain (Spiro and Spiro, 1966; Spiro, 1969a, 1973).

The carbohydrate units are linked to the aminoacids serine and threonine in the peptide
chain, by N-acetyl glucosamine or N-acetyl galactosamine through an O-glycosidic bond
(Spiro, 1969a, 1973), though the precise site and mode of attachment of the first sugar
remain controversial.

Once synthesized the protein molecule is released from the ribosomes and migrates through
the channels of the endoplasmic reticulum to the Golgi apparatus, where specific glycosyl-
transferases attach one by one to its backbone the sugar residues that go to form its carbo-
hydrate side-chains. The synthesis of the carbohydrate parts needs a series of reactions to
convert the neutral sugars, glucose and galactose, into reactive nucleotide-sugar intermedi-
ates (Draper and Kent, 1963; Peterson and Leblond, 1964; Neutra and Leblond, 1966a, b;
Warren, 1966). Activated sugars are then transferred to specific acceptors in the carbohy-
drate chain. The enzymes responsible for this transfer are glycosyltransferases which are
specific for the sugar-nucleotide as well as the acceptors.
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In vitro and in vivo experiments using > 5SO, show radioactive material in colonic goblet
cells of animals (Lane et al., 1964; Young, 1973) and man (Filipe, 1971c), and also in the
glycoprotein fractions isolated from intestinal mucins (Kent and Pasternak, 1958; Pasternak,
et al., 1958). Sulphation seems to take place in two stages: sulphate is first “activated” and
then transferred to receptor molecules by specific sulphotransferases (Wolfe and Vickery,
1964; Young, 1973). That sulphation of glycoproteins occurs in the Golgi apparatus is sug-
gested, inter alia, by high resolution autoradiographic studies with S0, : isotope was de-
tected early in the paranuclear part of the Golgi area, then in the supranuclear zone, and
finally in the mucous secretory product. No other organelle showed any radioactivity (Lane
et al., 1964; Young, 1973).

The Golgi apparatus seems to play an important role in the synthesis of glycoproteins. Al-
though chain initiation may start in the endoplasmic reticulum, it is believed that the Golgi
membranes are the main site for completion of the carbohydrate-protein complex by at-
tachment of the terminal sugars, such as sialic acid and fucose (Peterson and Leblond, 1964;
Neutra and Leblond, 1966b; Bennett et al., 1974), and sulphate (Young, 1973).

The cell coat glycoproteins seem to follow an intracellular pathway of synthesis similar to
that of the secretory glycoproteins, but it seems to lie in columnar rather than goblet cells.
In light and electron microscopic autoradiographic studies with sugar precursors, labeled
material appeared in the Golgi area soon after injection and later migrated to the apical

coat of columnar cells (Peterson and Leblond, 1964; Ito, 1965b; Neutra and Leblond, 1966b;
Bennett, 1970). How material is conveyed is not yet clear, but transport may involve tubules
or vesicles. It can be traced cytochemically at EM level from the formation and maturation
faces in the Golgi apparatus into vesicles in both absorptive and intermediate cells (Dawson
and Filipe, 1976b). A gradient of glycoprotein concentration towards the apical cytoplasm
is well recognized, and some of these vesicles are seen to reach and apparently fuse with

the cell membrane (Rambourg et al., 1969; Thiéry, 1972; Dawson and Filipe, 1976b).

The intracellular synthesis of glycoprotein is a continuous process, and its rate has been
estimated. It was calculated that a fresh droplet was released from the Golgi membranes
every 2-4 min in the rat (Neutra and Leblond, 1966a). The factors controlling synthesis,
intracellular transport and secretion are complex and not yet fully understood. The assem-
bly of the protein backbone in the ribosomes is determined genetically, while that of the
carbohydrate moiety is postribosomal and not directed by a nucleic acid template. However,
it is under indirect genetic control, for this operates through the synthesis of glycosyltrans-
ferases. Thus genetic, physiological and environmental factors may all induce changes in the
composition and secretion of glycoproteins.

Experiments in vivo and in vitro have shown that changes both in the rate of mucous secre-
tion and in its composition can be induced by local irritants and drugs, either directly or
through stimulation of colonic nerves. An excessive discharge of mucous droplets leading

to goblet cell exhaustion has been described after direct application of an irritant (Florey,
1970). Increased goblet cell mucus production is seen after vagal stimulation or parasympa-
thomimetic drugs. Smith and Butler (1974) have described the effects of various cholinergic
and adrenergic drugs on synthesis and secretion of mucus in the colonic mucosa of mice.
With -adrenergic drugs they found increased synthesis and secretion accompanied by changes
in composition. Oversecretion of sialomucins followed long-term cholinergic stimulation.
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Yet how the nerves act is not clear. Pieces of colonic mucosa in organ culture have been
shown to respond to acetyl-choline by increased secretion of glycoprotein, but without
any changes in their rate of synthesis (MacDermott et al., 1974). Other drugs, such as
aspirin and cortisone, seem to reduce mucin secretion in the colon (Takeuchi et al., 1972).

It is important to bear in mind that non-specific and physiological stimuli like these may
affect the synthesis and secretion of glycoproteins in the colon, and so modify the patterns
of secretion that seem to characterize some of its pathological conditions.

The biological functions of intestinal mucins are not fully known and there is much yet to
be learned about the roles played by their glycoprotein constituents. Mucins have at least
two functions, protective and lubricative, and their general properties have been clearly dis-
cussed by Florey (1970).

1. Protection from abrasion by solid faecal matter may be given by mucin in the surface
coat which can seal breaches in the epithelium. Smith and Butler (1974) have noted a re-
markable absence of inflammation where such defects have been sealed by mucin in the
mouse.

2. Lubrication of the faecal mass may facilitate its movement by peristalsis.

3. Barrier functions should be added since mucins may reinforce the cell membranes and
tight junctions, e.g. in the maintenance of electrolytic gradients across the mucosal surfaces
(Winzler, 1970), for, even if they are permeable by ions, they may steepen the gradient by
retarding diffusion. Thus, sialic acid on the cell surface seems to transport potassium ions
through the plasma membrane, and there is also evidence that it may act as a carrier in the
transport of protein out of the cell (Rambourg, 1971).

Regional variations in these functions may be expected because, as the faeces pass along the
intestine, dehydration makes them firmer and more abrasive, whilst reabsorption of ions mul-
tiplies their electrolytic differences. Thus the above functions may be distributed between
the two main groups of acid mucins:

a) Sialomucins are more viscous and likely to be the primary protective. Smith and Butler
(1974) describe how they form an unbroken coat from the bottom of the crypt to the sur-
face in the mouse, and how efficiently they seal epithelial breaches.

b) Sulphomucins are less viscid and likely to have a lubricative effect. Smith and Butler
(1974) note their increase in the distal colon of the mouse, and in the human colon we have
noted a difference in the mucous patterns of the regions proximal and distal to the splenic
flexure.

Glycoproteins in gel form are impermeable to proteolytic enzymes such as trypsin and may
thus protect the mucosa, but it has been shown that in the sol state they may actually stim-
ulate proteolytic digestion. Thus bowel contents switching the colloid mucin from gel to
sol state may make the mucosa vulnerable (Skora et al., 1975).

4. Mutual cell recognition is the basis of morphogenesis, for cells must recognize each other
to group themselves as tissues and organs. The sugars of cell coat glycoproteins may play a
central part in this interplay and mutual recognition of cells. Normal cells stop growing
when they make contact with one another by triggering off reactions leading to inhibition
of DNA synthesis (Emmelot, 1973), whereas growth without restraint characterizes cancer
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cells which may have assumed new characters by changing their surface glycoproteins. The
possible roles of sialic acid and glycosyltransferases in the cell membrane and their variations
in malignant transformation are discussed below.

5. Intercellular adhesiveness differs between normal and malignant cells and can be attri-
buted to the greater sialic acid content of the latter’s plasma membranes, for after neurami-
nidase treatment cell adhesiveness increases and so suggests that the charged residues may
be responsible (Deman et al., 1974).

6. Antigenicity of cell membranes is largely due to their carbohydrate components (Winzler,
1970). For instance, the genetic basis of blood group antigens has been shown to rest on
the specificity of glycosyltransferases (Kim and Perdomo, 1972). Changes of antigenic
specificity as cells become malignant have been reported, but whether or not there are

true tumour-specific antigens in plasma membranes of neoplastic cells remains to be estab-
lished (Winzler, 1970). Sialic acid in the cell membrane does not seem to have antigenic
properties itself, but it may hide the antigenic sites and shield them from immunocompe-
tent cells (Currie and Bagshawe, 1968).

7. Enzymatic activity may reside in the cell coat, as seen in the small intestine, where en-
zymes like invertase and maltase may carry out terminal hydrolytic digestion of carbohy-
drates and proteins as they lie on the surface of the microvillous membrane (Rambourg,
1971).

VI. Detection of Early Malignancy in the General Population

In Westernized developed countries cancer of the colon and rectum is one of the commonest
forms of malignant disease (Morsorn and Dawson, 1972). About half can be cured by sur-
gery but good results depend on early diagnosis. Small established carcinomas can often be
detected now by air-contrast barium enema and colonoscopy (Hawley, 1974), but quite
often the tiny biopsies obtained by endoscopy show histologically normal mucosa only.
There is thus a need for greater accuracy of detection of early malignant transformation

in biopsies, before currently recognized cytological criteria are met. Research in this field
will increase the chances of predicting better the future behaviour of the patient, and so
lead to better cancer control.

Carcinoma of the large intestine should not be regarded as an isolated, focal lesion in an
otherwise normal mucosa; it is the end product of a long interaction between carcinogenic
factors, genetic and environmental, and the whole wide field of the mucosa (Burkitt, 1971;
Bussey, 1975; Hill et al., 1975). Thus one should expect to find throughout specimens re-
sected for carcinoma a complete spectrum of epithelial changes. It is well established that
adenomatous polyps and villous adenomas are premalignant lesions (Morson, 1971a, 1974a),
and in familial polyposis it is possible to trace all stages of polyp growth from epithelial
hyperplasia affecting only part of a single crypt (Bussey, 1975). However, before epithelial
dysplasia is identifiable in haematoxylin-and-eosin-stained sections, the cells seem to under-
go changes that can be revealed by histochemical, biochemical and ultrastructural methods.

A detailed macroscopic, histological and histochemical study of 33 specimens resected for
colorectal carcinoma showed abnormal epithelial and glandular features which fell short of
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accepted criteria of atypia (Filipe and Branfoot, 1974). Strips of mucosa were dissected from
the whole resected lengths of bowel and coiled up in swiss rolls, while extra blocks were cut
from the full thickness of the wall where necessary to include any polyps or othgr macro-
scopic lesions. The origin of each piece of tissue was recorded on photocopies of the orig-
inal photograph (Fig. 1). Fixation in 10% buffered formalin or 10% formol-calcium was
followed by routine paraffin embedding. The morphology was assessed on HE-stained
sections and histochemical techniques applied to the adjacent serial sections to demonstrate
mucosubstances. A complete map of mucin distribution and histological features was made

Fig. 1. Diagram of a resected specimen. Tumor area (T)
and mucosal strips taken are outlined. Mucin changes:
B = marked increase in sialomucins; XX = moderate in-
crease in sialomucins; unshaded = normal mucous
pattern
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by projecting the stained slides onto paper and tracing the mucosal outlines and areas of
different mucin content (sulphomucin and sialomucin) (Fig. 2). A rotometer was used to
measure the lengths of each mucosal coil and of the zones of differing mucous secretion
along it, so that these could be plotted accurately on a chart representing the whole
specimen (Fig. 3).

Fig. 2. Tracing of mucosal outlines and mucin distribution of HIB-AB-stained section. Secreting glands
indicated as circles, left empty for sulphomucins (0), and blackened for sialomucins (®)

A variety of histological features were seen and these were often accompanied by histo-
chemical changes in the amount and nature of the mucins.

a) Normal mucosa in longitudinal section typically has a corrugated surface due to the
regular pattern of anthemia formed by groups of tubules of varying length (Filipe and
Branfoot, 1974), but the tubules are essentially straight and not usually branched. Electron
microscopy can identify at least 8 different types of cell along the crypt (Kaye et al., 1973;
Dawson and Filipe, 1976a): undifferentiated, APUD, immature goblet and immature absorp-
tive cells in the lower crypt; mature absorptive and goblet cells and intermediate cells in vari-
ous proportions in the upper crypt. In the surface epithelium, occasional goblet cells, which
are often exhausted and empty, are found between mature or senescent absorptive cells.



156

Fig. 3. Patterns of mucous secretion in large bowel bearing carcinoma. ® = marked increase in sialomucins;
® = moderate increase in sialomucins; @= sialomucins present only in the bottom of the crypts (inversion
pattern); &= carcinoma; A, B, C = Dukes’ Stages; I-IV = Dukes’ Grades
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Histochemically the goblet cell mucus is predominantly sulphomucin (Fig. 4). Occasionally,
however, histologically normal mucosa may show an increase in sialomucins like the fransi-
tional mucosa described below.

Fig. 4. Normal rectal mucosa showing two anthemia and predominance of sulphomucins (brown) in
goblet cells. HID-AB x 45

b) Transitional mucosa* is usually thicker owing to elongation of the crypts, which are di-
lated, often branched, and lined by tall goblet cells bulging with mucus. These changes may
be minimal or very marked so that all dimensions, both of crypts and cells, are more than
double the normal. In the most exaggerated examples the goblet cells may be disrupted,
with dislocation of the goblet to a basal position, breach of the basement membrane, and
leakage of mucus into the lamina propria. In some crypts full-blown goblet cells are re-
placed by cells apparently depleted of mucus and having pale eosinophilic ground-glass
cytoplasm, a change most commonly seen in the upper half of the crypt. Cytologically
the only difference is a tendency for the normally flattened, rather pycnotic nucleus to
round up, become more vacuolated and contain more prominent nucleoli. With electron
microscopy we have found alterations in the relative proportions of different cell types
along the crypt, immature and intermediate cells persisting up to higher levels than nor-
mal. Mature absorptive cells are fewer and seem to bear an inverse relationship to the high-

* This term may be objectionable but it was first used to describe a zone of transition from
frank carcinoma to histochemically normal mucosa, where abnormal secretion was found
in the absence of any obvious morphological change.



158

ly vesiculated intermediate cells. On the other hand, goblet cells are increased in number
and size and have enlarged and elaborate Golgi zones (Dawson and Filipe, 1976a).

Histochemically, transitional mucosa shows a consistently abnormal mucous pattern char-
aterized by predominance of sialomucins, along with decrease or absence of sulphated ma-
terial (Table 2 and Fig. 5). The periodic acid-chromic acid-silver methenamine technique for
demonstrating glycoproteins at electron microscopic levels, shows quantitative and qualita-
tive differences from the normal. Furthermore, the cytoplasmic vesicles of both intermedi-
ate and absorptive cells seem to elaborate a glycoprotein product, and a direct relationship
seems to exist between the increased vesiculation and the well developed fuzzy coat of this
abnormal mucosa (Dawson and Filipe, 1976b).

In vitro autoradiographic studies with 35S0, show no isotope uptake in the crypt epithelium,
though radioactive material may be found in the upper crypt, surface epithelium and cell coat
(Filipe, 1971c). Biochemical work on mucosal scrapings from the same areas has confirmed
that the total hexosamines and sialic acid in transitional mucosa are greater than normal,

and accompanied by qualitative changes in sialic acids (Filipe and Cooke, 1974; Rogers

et al., in preparation).

These features of transitional mucosa were first described in areas adjacent to carcinomas

(Filipe, 1969, 1971b), but are often seen in patches of mucosa remote from them (Filipe
and Branfoot, 1974).

c) Foci of epithelial dysplasia in flat mucosa may be found very close to carcinomas. In
these areas mucous secretion appears to be reduced but consists mainly of sialomucins,
though some may also be sulphated.

Although not common, frankly dysplastic foci have been found in flat mucosa well away
from gross tumours (unpublished observations). In two cases the dysplasia was severe and
amounted to carcinoma-in-situ.

d) Neoplastic and e) Metaplastic polyps are discussed with their histochemical character-
istics below.

Changes in composition of goblet cell mucus with increased sialomucins have thus been
found in the mucosa of large intestine harbouring carcinoma (Fig. 3). Although they are
more marked in so-called transitional mucosa next to carcinomas, they may also occur in
patches at a distance from the main tumours where the mucosa is either histologically nor-
mal or shows features described above as transitional or foci of epithelial dysplasia. The ex-
tent of altered mucosa measured from the edge of the carcinoma ranges from a narrow strip
of less than 0.2 cm to a maximum of 5 cm. Isolated patches of markedly abnormal sialo-
mucin secretion are seen in mucosa remote from the tumour in 14 cases.

Our observations suggest that in the left colon there is a direct relation between the extent
of mucin changes and the invasiveness of carcinoma (Fig. 3). Also a greater number of iso-
lated patches of increased sialomucins are associated with the more invasive tumours. These
relationships are less evident in the right colon. From the distribution of mucin changes it
seems that differences exist in the response of the intestinal mucosa to whatever stimuli are
disturbing glycoprotein synthesis. The most marked and extensive changes comparable with
those in the left colon have been found in the caecum and hepatic flexure, and it is inter-
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Fig. 5. Transitional mucosa. Crypts are longer than in Figure 4 and goblet cells taller, globular and
distended with mucus in which sialomucins (blue) predominate, HID-AB x 45

esting to note that the segments of the colon which show more marked mucin changes are
those which are more prone to develop carcinoma. Perhaps longer exposure to carcinogens
due to slower faecal transit may explain this. In passing it should be noted that we have
been unable to relate the intensity and extent of mucin changes to the degree of differen-
tiation or histological pattern of the carcinoma; nor have they any relation to the age or
sex of the patients.

The fact that a predominance of sialomucins is seen not only immediately around carcino-
mas, but also in more remote patches, suggests that these mucin changes reflect a more
widespread field of response to unknown stimuli, rather than a local secondary effect of
tumour growth. In support of this we have yet to find such changes around secondary tu-
mours ulcerating into the bowel.

Studies in rats in which carcinomas of the large bowel have been induced by weekly sub-
cutaneous injection of 1,2-dimethylhydrazine-2HCI (DMH) provide a suitable animal model
for the study of various aspects of carcinogenesis. In our experiments (Filipe, 1975) groups
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of rats, 2 test and 1 control, were sacrificed each week and the whole length of the large
intestine was excised and studied by the swiss roll technique. In treated rats, histological
and histochemical changes were found as early as 4 weeks after the beginning of the ex-
periment. These early changes consist essentially of mild glandular hyperplasia with globular
goblet cells distended by mucus. Occasional crypts show mild dysplasia, either with mucin
depletion or with changes in mucin composition similar to those described above in human
colonic mucosa (Fig. 6). The lesions become more severe after longer periods of treatment:
carcinoma-in-situ was found after the 15th injection and frank carcinoma after the 19th.
Altered mucin composition, with sialomucins instead of the sulphomucins normally pre-
dominant in the left colon of the rat, was consistently found in the glands with mild dys-
plasia in most of the treated rats after their Sth injection, but never seen in controls
(Filipe, 1975).

Fig. 6. DMH-treated rat. Sialomucins (grey) in area of dysplasia surrounded by normal glands
producing sulphomucins (black). HID-AB x 600

We think at present that modifications in the composition of goblet cell mucin, such as the
increase in sialomucins found in the mucosa of colons with carcinoma, may be one feature
of early carcinonogenesis. This hypothesis is based on some facts, but is partly speculative,
and much has yet to be done to confirm or dismiss our first suspicions.

The fact mentioned above, that changes in glycoproteins were found not only in mucosa
next to frank neoplasms but also in isolated patches distant from them, suggests that they
are primary rather than secondary to the growth. If they are primary changes, it cannot yet
be said whether they are a feature of epithelium irrevocably committed to malignant growth
or a nonspecific cellular response to a variety of stimuli. We know that nerve stimulation and
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certain parenteral drugs may alter the synthesis and secretion of glycoproteins in the intes-
tine. However, one would expect any change they produced to be diffuse, and the focal
changes that we have observed seem more likely to be the effect of a local irritant. This
may explain some abnormal mucous patterns that we have seen in otherwise unexception-
al rectal biopsies from patients with purgative abuse.

The rat model, in which similar mucin changes occur in areas of epithelial dysplasia but
never in controls, strongly suggests a relationship between the variations in mucin compo-
sition and the process of carcinogenesis.

Whether the raised levels of sialomucins are an expression of cellular immaturity or a direct
effect of carcinogens on the mechanism of glycoprotein synthesis we do not know, but we
believe there is both morphological and biochemical evidence of cellular immaturity.

Mucin changes are only one expression in the collection of histological, cytological and his-
tochemical features that go to form what we have described as transitional mucosa. Taken
in isolation such mucin changes may be the result of any of a number of different stimuli.
However, we are encouraged to believe that this mucosa does indeed represent early malig-
nant change by a recent report of Kozuka (1975). In grading polyps according to their
epithelial pseudostratification and branching of glands, he gives under Grade I all the main
features that we described in 1974 as typical of transitional mucosa. Transitional mucosa
may thus be prepolypoid neoplasia in a flat mucosa at a stage not yet sufficiently hyper-
plastic and irregular to form any macroscopically visible excrescence.

In transitional mucosa the epithelium does not follow the normal course of differentiation,
and shows amongst other changes in the goblet cells an increase in sialomucins at the ex-
pense of the sulphated. In this and their higher percentage of neuraminidase-sensitive sialic
acids they resemble the goblet cells of human fetal colon. This reversion of adult epithelium
to an embryonic form receives support from descriptions of tumour cells, which have also
been found to have fetal characteristics or produce fetal proteins (Gold and Freedman, 1965;
Kleist and Burtin, 1969; Stonehill and Bendich, 1970; Kleist, 1971; Bordes et al., 1973). The
production of embryonic antigens by adult cells undergoing malignant transformation may
be due to loss of suppressor genes and a reversion to a more primitive state, a hypothesis
supported by alterations in nucleic acid metabolism and proliferative capacity of colonic
epithelium adjacent to carcinomas (Deschner, 1970; Deschner and Lipkin, 1970; Troncale
et al., 1971). Present evidence does not indicate what factors may be responsible for this
supposed regression to an embryonic behaviour which alters the normal path of glycopro-
tein synthesis, but various factors may interfere with this. Protein synthesis is ribosomal
and thus genetically determined. Malignant transformation may alter existing regulatory
mechanisms and release inactive genes, so that abnormal amounts and forms of protein
could be synthesized (Gurdon, 1962; Winzler and Bekesi, 1967). As these proteins pass
along the channels of the endoplasmic reticulum there may not always be an opportunity
for all the glycosyltransferases to act on the carbohydrate complex, so that variously in-
comtplete or abnormal glycoproteins might be formed. A failure to complete the carbohy-
drate chains of glycoproteins is likely to be one cause of modification of the cell surface
during malignant transformation. Such changes could be brought about by disorders of
protein synthesis or of transferase activity as described above (Kim et al., 1974).
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That carbohydrate metabolism is profoundly altered in malignant cells is supported by
cumulative biochemical evidence and sialic acids may play an important role in the behav- -
iour of transformed cells. Their presence in glycoproteins of cell membranes seems to con-
fer certain properties on the membrane which are expressed as cell adhesion (Deman et al.,
1974), intercellular contact (Emmelot, 1973; Weiss, 1973), and masking of antigens (Currie
and Bagshawe, 1968; Rios and Simmons, 1973), and their variations may be related to the
differences in behaviour of normal and malignant cells (Nachbar et al., 1974). Increased
sialic acids and sialyltransferases described in malignant cells may also alter cell contact

and the mechanisms controlling cell growth and differentiation (Emmelot, 1973).

It has been suggested that tumour cells are coated by neuraminidase-sensitive sialic acids,
which may not only hide their antigens from recognition by the host, but also shield them
from his immunocompetent cells (Currie and Bagshawe, 1968; Rios and Simmons, 1973). If
this hypothesis is correct, they may play an important role in immunological reactions to
tumour-specific antigens and the control of tumour growth (Baldwin, 1970).

From the above and our own experience there is evidence of a relationship between changes
in the glycoprotein content of cells and malignant transformation. It thus seemed logical

to pursue mucin changes in other cancer fields, such as neoplastic polyps, familial polyp-
osis and inflammatory bowel diseases, and these are discussed below.

VII. Identification of the Origin of Metastatic Adenocarcinoma

The clinical pathologist is often asked to name the probable site of origin of metastatic
adenocarcinoma in a lymph node, liver biopsy or omentum, yet he can only guess and long
for a specific stain. The amount and histochemical characteristics of the mucin secreted by
carcinomas of the large intestine are variable. In most, secretion is scanty or absent; the few
goblet cells are either quite empty, or contain only a little mucus as a droplet near the luminal
border, or more often as a narrow rim around an otherwise empty theca. In papillary tumours
it is common to find villi covered by goblet cells, which contain sulphated mucin side by side
with others, in which sialomucin predominates. In well differentiated adenocarcinomas one
often finds a mixture of neutral and acid nonsulphated mucins in the gland-like lumens. In
our experience, mucoid carcinomas; which we define as those in which 50% or more of the
cells are floating free in lakes of mucin, are more common in the right colon than the left.
Sialomucins generally form the butk of these tumours but differ from those in the normal
goblet cell by their greater susceptibility to sialidase digestion (Korhonen et al., 1971).
However, the patterns of mucous secretion are so variable from case to case and even in
different areas of the same tumour, that we can say that in most adenocarcinomas of the
large intestine both types of acid mucin will be found, often swirling together in alternating
bands in the larger pools.

From all this it is not surprising that attempts to identify adenocarcinomas of the large in-
testine have not been successful (Johnson and Helwig, 1963; Cook, 1973). Recently, how-
ever, Culling et al. (1975) using a technique to discriminate more finely becween sialic acid
derivatives, claim that it is possible to distinguish carcinomas arising in the lower gastroin-

testinal tract from all others.
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VIII. Classification of Polyps and Assessment of their Malignant Potential

Metaplastic and neoplastic polyps are often found in specimens resected for carcinoma. The
former are small raised plaques showing no tendency towards neoplasia, whilst adenomatous
polyps and villous adenomas are supremely important for their malignant potential (Morson,
1974b). The two groups of polyps are quite distinct in their histology and histogenesis (Lane
etal., 1971; Kaye et al., 1973), and these differences are reflected in their liability to under-
go malignant change. Metaplastic polyps have no demonstrable malignant potential, whilst
that of neoplastic polyps varies with their villosity. Thus, the overall rate of malignant de-
generation in adenomatous polyps is about 5%, whilst that of villous adenomas is 40%
(Morson, 1974a). 1t is clear therefore that not all polyps will fulfill their malignant poten-
tial in a normal lifetime, but why do some evolve, some remain static, and others even re-
gress? Can one predict which polyp will become malignant? These are important questions
to answer if successful cancer control is to be achieved.

Experience at St. Mark’s Hospital in London gives us a useful prediction of malignancy by
computing the size, degree of epithelial dysplasia and tissue architecture of the polyp. Yet
a polyp after many years may fail to realize the malignant potential with which it was cred-
ited according to these criteria. In an attempt to solve this problem the patterns of mucous
secretion have been investigated in isolated polyps (Filipe, 1969, 1972) and in familial
polyposis (Filipe and Bussey, in preparation).

The patterns of mucous secretion in metaplastic and neoplastic polyps are quite distinct. In
the former, mucins are largely sulphated and thus quite normal and the adjoining mucosa
shows no change. The neoplastic adenomatous and villous polyps, on the other hand, pre-
sent a motley maze of mucous patterns with secretion varying in kind and quantitiy from
field to field. In areas of mild dysplasia and no decrease of secretion, a mixture of sulphated
and sialomucins is seen. More severe dysplasia and scant secretion makes a pattern like that
described in carcinoma, whilst in papillary polyps sulphated mucins predominate in varying
amounts. Similar findings are reported by Maikeld et al. (1971) and Marche et al.(1972), but
we have also found sialomucins predominate in the mucosa around neoplastic polyps, just
as they do in transitional mucosa around carcinomas. However, no relationship has yet been
found between the types of mucin secreted and the degree of differentiation of polyps, as
Goldman and Ming reported in 1968.

In studying our series and trying to compare our findings with those of others, we have felt
an urgent need for a comprehensive histological classification of neoplastic polyps. Recently
Kozuka (1975) has graded them on the basis of epithelial pseudostratification and glandular
branching, and describes as Grade I the same enlargement of cells and glandular dimensions,
rounding out of nuclei, and branching of glands that we have observed in apparently normal
flat mucosa (Filipe and Branfoot, 1974). This strengthens our argument that transitional mu-
cosa may indeed represent the first morphological sign of malignant change in flat mucosa.
So, just as we have been able to relate the mucin changes in flat mucosa around carcinomas
to their extent of invasion, we hope that review of our material according to Kozuka’s clas-
sification may enable us to assess the malignant potential of a polyp, by variations in the
mucin secreted by both the polyp itself and the mucosa around it.
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The questions asked about isolated polyps apply equally to familial polyposis. This rare
hereditary disease is another precancerous condition of the colon and rectum. Patients
develop numerous adenomatous polyps throughout the large bowel and will, if left un-
treated, present with carcinoma at an age much earlier than those in the general popula-
tion (Morson and Bussey, 1970; Bussey, 1975). Such cases offer a unique opportunity to
study the histogenesis of cancer through a sequence of increasing grades of dysplasia to
adenomatous polyps and invasive carcinoma, and give us material for a study of mucin
changes in mucosa showing various grades of premalignancy.

No consistent pattern of mucous secretion has yet emerged in the non-malignant mucosa
between polyps, though there is a tendency towards non-sulphated mucous secretion, a
change more apparent in the left colon and rectum than in specimens from the right. This
predominance of sialomucins is apparently not related to the degree of dysplasia of the ad-
jacent polyps, but in areas next to proved carcinomas, we have found mucin changes sim-
ilar to those described in transitional mucosa around the common form of large bowel
cancer. In the adenomatous polyps, the goblet cell mucins are a mixture of sulphated and
non-sulphated, but as in the isolated polyps described above, they show no relation to the
degree of cellular atypia. So far we have no strong evidence to suggest that mucin changes
in histologically normal mucosa between polyps in familial polyposis will give any indica-
tion of their malignant potential (Filipe and Bussey, in preparation).

IX. Prediction of Malignant Change in Inflammatory Bowel Disease

The description of precancer by Morson and Pang (1967) held promise of monitoring cases
of ulcerative colitis in danger of developing carcinoma, so that quiescent extensive disease
might be managed conservatively (Lennard-Jones et al., 1974). Furthermore whilst current
surgical opinion favours total proctocolectomy as the treatment of choice for intractable
colitis, most authorities will agree that there are cases for whom conservation of the rectum
and avoidance of ileostomy are desirable. Such patients are especially at risk. There is thus
an increasing demand for the recognition and prognosis of precancer, yet its diagnosis and
management have in practice proved less certain.

The general features of precancer are agreed and its value has been attested by others (Yard-
ley and Keren, 1974). However, its patchiness, absence from the rectum when carcinoma

is found elsewhere in the bowel (Evans and Pollock, 1972), danger of overdiagnosis, lack
of precise definition, and uncertainty of prognosis remain problematical (Hulten et al.,
1972; Keren andYardley, 1974; Cook and Goligher, 1975; Sherlock and Kirsner, 1975).
Patchiness may be overcome by multiple biopsies and more accurate sampling by endo-
scopists with a keener eye for suspicious velvety areas. Absence from the rectum may be
circumvented by more extensive biopsies made possible by fibreoptics. But the absence of
precise criteria and the dangers of overdiagnosis remain.

The authors are acutely aware of these difficulties for we are concerned with the manage-
ment of a large number of patients with inflammatory bowel disease who are threatened by
malignant change, since total colectomy and ileorectal anastomosis has long been the pre-
ferred treatment at the Gordon Hospital (Aylett, 1971). Having recognized abnormal mucins
in apparently normal mucosa both immediately around and in patches remote from carcino-
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mas of the large intestine in the general population (see above), it was logical to seek this
transitional mucosa in colitics.

Since 1971 we have been collecting all specimens of inflammatory bowel disease to study
prospectively along the whole length of the large intestine how the patterns and extent of
mucin changes vary with inflammation, dysplasia and neoplasms. Blocks are first cut from
the full thickness of the wall to sample each segment and gross lesion, but later, strips of
mucosa are cut from the full length of the specimen. So far we have made only a prelimin-
ary survey of 20 cases of carcinoma and 5 of precancer, but we have not completed the map-
ping of the whole specimens and control cases of total colitis, without malignant changes
and matched for age of onset and various durations of disease. Nonetheless, we have already
found mucosal changes in long-standing colitis like those we have described above in the
general population with cancer.

1. Transitional Mucosa

We have found a predominance of sialomucin secretion in what at first sight seems normal
mucosa in ulcerative colitics who have developed carcinoma, just like those in the general
population (see above), but seldom so far in those without at least early malignant change.
As with cancer in the general population, this transitional mucosa can often be suspected
in H and E sections (Fig. 7) for dilatation and branching of crypts lined by tall goblet cells

Fig. 7. Transitional mucosa in long-standing colitis. Wide crypts lined by tall goblet cells yet no obvious
dysplasia. Histochemically sialomucins predominate. HE x 300
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are accompanied by secretion that is largely sialomucins. Likewise, it is found around and
mingling with carcinoma and frank precancer (Fig. 8), but also in isolated areas. It thus dis-
plays the same patchiness as Morson and Pang’s precancer (1967), but may be recognized
in a small rectal biopsy when the other is absent.

Fig. 8. Transitional mucosa and precancer. Abnormally tall clear goblet cells cover villous mucosa in
which crypts show frank dysplasia. Histochemically sialomucins predominate. HE x 300

Morphologically, transitional mucosa in ulcerative colitis tends to differ from that in the
general population. Whilst the characteristically enlarged goblet cells and dilated crypts are
seen, the mucosa is not usually so thickened by elongation of crypts and seems to share in
the atrophic state of burnt-out colitis. However, sometimes it is more hyperplastic and pre-
sents a villous form (Fig. 8), albeit still stunted, and such an area may merge with the vil-
losity of frank precancer.

2. Villous Mucosa

A villous pattern of mucosa may be seen in at least three conditions:

a) Normal healing of ulcers in many kinds of bowel disease and experimental animals may
be accompanied by a papillary appearance as the regenerating sheet of epithelium spreads
across the ulcer floor, buds downwards into the lamina propria and canalizes to form new
tubules. In our own material and published illustrations, these regenerative villi are typically
pointed or acuminate (Fig. 9).
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Fig. 9. Acuminate villi characteristic of innocent healing of ulcers. Histochemically normal sulphomucins
predominate. HE x 300

Fig. 10. Villosity of mucosa in long-standing colitis suggests precancer but absence of dysplasia is sup-
ported histochemically by a normal mucous pattern. HE x 300
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b) Repair in ulcerative colitis can generate a uniformly villous surface that is velvety to the
naked eye, yet the epithelium shows little or no evidence of dysplasia (Fig. 10). Morson
(1974c) has noted that this pattemn of repair is characteristic of certain patients with long-
standing chronic ulcerative colitis and wonders if follow up will show that they are pre-
disposed to malignant change.

¢) Precancer often takes a villous form and we agree with Yardley and Keren (1974) that
it is an important feature in weighing up the diagnosis.

Recognition that there are these three different forms of villous mucosa is important be-
cause overemphasis of villosity can lead in our experience to overdiagnosis of precancer,
insufficient weight being given to cytology and inflammation. It is in such difficult cases
that we believe histochemistry can make the diagnosis less subjective: in reparative forms
the pattern of secretion is normal, but in the precancerous, sialomucins predominate
(Fig. 8).

3. Precancer in the Presence of Active Colitis

Most pathologists are reluctant to diagnose precancer in the presence of more than minimal

inflammation because regenerating epithelium can appear disturbingly dysplastic, yet so far

no strict criteria have been laid down to distinguish such reactive hyperplasia from premalig-
nant dysplasia. We have studied cases of carcinoma, however, with active colitis and have

Fig. 11. Active colitis with invasive carcinoma. On the left is a crypt abscess surrounded only by focal
transitional change (see text), but on right, dilated branched crypt is lined on its left side by tail baso-
philic cells characteristic of transitional mucosa and confirmed by histochemistry. HE x 300
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found transitional mucosa (Fig. 11). This encourages us to believe that mucin changes may
add another dimension in the diagnosis of precancer.

4. Focal Transitional Change

In haematoxylin-and-eosin stained sections the normal tall clear oval goblet cells may be
replaced in the upper crypt by cuboidal cells with vacuolated nuclei and a goblet which is
spherical, displaced from the nucleus towards the luminal border, and filled with baso-
philic, coarsely-clumped mucin. Histochemically sialomucins predominate.

A scattering of such cells in crypts largely lined by cubical cells with cytoplasm devoid of
mucin and vacuolated nuclei we term focal transitional change. It is found in the region of
crypt abscesses and we believe it indicates reactive hyperplasia, with the loss of differentia-
tion reflected in the switch to sialomucin. It is quite distinct from the more diffuse change
of transitional mucosa, and the two must not be confused, though they may be seen side
by side in a case of carcinoma with active colitis.

As for Crohn’s disease, we like others (Keighley et al., 1975) are finding that some of our
carcinomas have arisen in this form of colitis. It is too early to speak of its antecedents, but
we have the impression that the difference in mucin patterns of the two conditions is pre-
served.

Lewis et al. (1971) have sought to increase the value of rectal biopsy in monitoring chronic
ulcerative colitis by demonstrating isoenzymes of lactic dehydrogenase characteristic of
malignancy. Our results encourage us to hope that mucins will prove another and simpler
refinement.

X. The Differential Diagnosis of Ulcerative Colitis and Crohn’s Disease

The value of rectal biopsy in the diagnosis of inflammatory bowel disease has been well
established, but there remains an obstinate number of cases in which histological appearances
are not decisive (Schachter and Kirsner, 1975), even after applying all currently recognized
criteria. This is particularly true of Crohn’s disease and ulcerative colitis, for a small fragment
of mucosa may show nonspecific chronic inflammatory cell infiltration of the lamina propria
with crypt abscesses, but, on the one hand lacking granulomas, histiocytic and patchy infil-
trates, or on the other, diffuse neutrophil infiltration, mucus depletion, and shortfall and
irregularity of glands, the appearances can only be described as equivocal. The preservation
of mucin in the presence of Crohn’s disease and its depletion in ulcerative colitis have been
emphasized by Morson (1971b) but in practice the differences are not always readily apparent
in haematoxylin-and-eosin-stained sections, which so often vary in quality. It is here that
mucin histochemistry has indeed conferred an increase in objectivity.

Histochemical studies of the enzymes in rectal biopsies of ulcerative colitis and Crohn’s
disease have revealed few differences (Filipe, 1971a) apart from a nonspecific increase in
acid phosphatase in ulcerative colitis which may only reflect regeneration (Dawson, 1972).
Danovitch et al. (1972) found parallel increases in other acid hydrolases and some rise in
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alkaline phosphatases, and derived the former from lysosomes and the latter from some
other cells, e.g. neutrophils, but they made no comparative study of other conditions. The
results have seemed unrewarding, especially since the methods require fresh tissue and spe-
cial techniques, but studies of mucins, by contrast have shown much more obvious differ-
ences and are readily applicable to routinely processed material.

Hellstrom and Fischer (1967) applied mucin stains to surgical specimens and found striking
quantitative differences, claiming that mucin depletion was greater in acute than in chronic
ulcerative colitis, whilst mucin was preserved in Crohn’s disease. Filipe and Dawson (1970)
reported similar sharp discrimination in rectal biopsies, and Hemet and Métayer (1972) have
confirmed this. So long as one ignores areas of severe ulceration and polypoidal hyperplasia
(where mucins are respectively absent or increased), the mucins are qualitatively and quan-
titatively normal even in the presence of inflammation in Crohn’s colitis, but in ulcerative
colitis they are reduced proportionately with the severity of inflammation. Healing and
regeneration in serial biospies are accompanied by restoration of mucin secretion. Preserva-
tion of mucins may lead to review of cases of putative ulcerative colitis and alteration of
the diagnosis to Crohn’s disease. Like Goligher (1975) we have found that cases in which
the evidence at first seems equivocal often subsequently declare themselves as Crohn’s
disease.

Differential counting of cells in the epithelium and lamina propria has been recommended
by Korelitz and Sommers (1974) to improve the differential diagnostic criteria. They found
that the differences in the number of goblet cells was not statistically significant when the
various groups were compared. Cell counts, however, overlook differences in the amount of
mucin in individual cells, whose sum may be computed less laboriously by histochemistry
at a glance.

Future refinements may stem from recent reports of a rate-limiting enzyme in mucin syn-
thesis, which is increased in the healing phase of ulcerative colitis and also in the apparently
normal mucosa of Crohn’s disease (Goodman et al., 1975). Qualitative differences have also
been detected in the carbohydrate components of the mucins (Teague et al., 1973; Fraser
and Clamp, 1975). Mannose, which normally forms only a small proportion of colonic
mucins and is a product more of serous than goblet cells as in the parotid gland, is increas-
ed in ulcerative colitis and may be responsible for a sharp reduction in the mucins’ total
viscosity.
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The first observation of coexistent ulcerative colitis and carcinoma is attributed to Crohn
and Rosenburg who in 1925 described a patient with a 14 year history of ulcerative colitis
complicated by carcinoma, and they raised the possibility of an association between these
two conditions. In 1927, Yeomans reported a further case of colonic cancer in ulcerative
colitis but in 1929 Bargen presented the first large series with 15 carcinomas in 693 patients,
an incidence of 2.1%. These early reports were followed much later by a single paper in 1940
by Jackman, Bargen and Helmholtz who described the occurrence of carcinoma in 6 of 95
children with ulcerative colitis, an incidence of 6.3%. From 1945 onwards, there were a
series of papers which tended to confirm the association between these two diseases and
those until 1961 are summarised by Goldgraber and Kirsner. From this it became clear that
there was marked variation in the incidence of colitic carcinomas from different centres with
an incidence which varied from 0.6% to 17% in a series of children. However, the acceptance
of this association was not without its antagonists.-Indeed, as late as 1952, Felsonand Wolarsky
concluded that the two diseases were totally independant while in the same year Otani and
Snapper stressed that there are conditions which may be misinterpreted as carcinoma and
ulcerative colitis such as the ulceration occasionally seen proximal to a stenosing primary car-
cinoma, or secondary carcinoma in a patient with ulcerative colitis. In 1964, Edwards and
Truelove concluded that the true incidence of carcinoma in ulcerative colitis lay between 3
and 5%, a figure which has gained wide acceptance. By combining several series, Mottet
(1971) estimates that 3.1% of colitics will develop carcinoma.

Carcinoma complicating ulcerative colitis accounts for only a very small proportion of
large bowel carcinomas and the true figure is probably less than 1%. It has been estimated
that there were approximately 100,000 new cases of large bowel cancers in the USA in
1975 (American Cancer Society, 1974), and using this figure only about 1000 will arise

as a complication of ulcerative colitis. However, they tend to develop insidiously even when
the patient is under active medical care and may not become manifest until advanced. Fre-
quently, tumours are multiple and their detection can be difficult because they may be

flat or plaque-like (Figs. 1 and 2) making recognition difficult radiologically or endoscopic-
ally. This type of tumour tends to behave aggressively even though well differentiated

(Fig. 2). The average age at which these tumours occur is much lower than non-colitic
cancers, but a more reliable indication may be the mean age of death which is 46 (Mottet,
1971).

This inevitably means that many of these patients have heavy parental and financial respon-
sibilities, while some will be in their twenties or even younger. All of these factors combine
to produce a problem for which there is no simple answer and this has resulted in a variety
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of philosophies of management. The more aggressive of these are based on the identifica-
tion of a subgroup of colitics in whom virtually all of these carcinoma occur.

Fig. 1a. Small nodular carcinoma in the ascending colon (arrowhead). The mucosa on either side is rather
warty, particularly above. This has a villous appearance microscopically. Note also the plaque of rather

nodular tissue immediately beneath the carcinoma (arrowed). The terminal ileum and ileo-caecal valve
are bottom right

Fig. 1b. Plaque-like carcinoma at splenic flexure (arrowed). Note that the surrounding mucosa appears
more opaque than the mucosa at either end which is markedly atrophic

Fig. 2. Low power section through a plaque-like carcinoma. The muscularis propria is almost infiltrated.
(H&Ex9)



182

I. The High Risk Clinical Group

This consists of those patients with extensive or total colitis and along history, particularly
if the onset of the disease occurred before the age of 25.

1. Extent of Disease

Many of the studies of cancer in colitis confirm that extensive or total involvement of the
colon is invariably present. Distal colitis (i.e., limited to rectum or left side), is only very
rarely associated with carcinoma (Hinton, 1966; Edwards and Truelove, 1964; MacDougall,
1964; de Dombal, 1966). However, some patients with distal colitis radiologically do in fact
have total colitis when examined by colonoscopy with the aid of multiple biopsies (Dilawari
et al., 1972). This implies that not all patients with pancolitis are recognised clinically.

2. Length of History

There is no doubt that the incidence of carcinoma in colitics correlates well with the length
of history as summarized by Edwards and Truelove in 1964 and by Goligher in 1968. Few
carcinomas develop before a five year history and the vast majority after a history of 10
years or longer. However, in his summary of 7 series, Mottet suggests that 22% of cancers
in colitis occur before 10 years of symptoms. On 7 cases only, Goligher suggests that the
annual risk in total colitis is 0.4% for the first 10 years, 2.0% for the next 10 years and 5.8%
for patients with a history of 20-29 years, thus producing a cumulative risk of 41.8% after
25 years. However, Edwards and Truelove in a much larger series of 624 patients found 22
with carcinoma in whom there was a cumulative risk of 12.6% at 20 years. While the year
of age of onset is usually recorded, it is still surprising how often there is “disease since
childhood” or a “long history of colitis”.

3. Age of Onset

It is noticeable that the percentage of patients with colitis developing carcinoma is marked-
ly elevated when children are included and series only including children have the highest
incidence, e.g., Rosengvist et al. 17%, Devroede et al. 20% per decade after the first decade.
Edwards and Truelove have summarised the position by suggesting that the younger the pa-
tient at the onset of the disease the greater the risk of subsequent cancer. However, many
other factors come into this argument, such as the fact that most children developing ulcer-
ative colitis have severe disease that usually reflects extensive or total colitis from an early
age. Also, their life expectancy is much greater than, for example, a similar group of patients
developing colitis in the sixth decade where life expectancy is much shorter and other com-
mon diseases prevent the colitis running its natural course.
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4. Other Factors

Other factors that have been suggested as predisposing to cancer are a severe first attack
(Edwards and Truelove, 1964) and the character of the symptomatology. Edwards and True-
love considered that chronic continuous symptoms predispose to carcinoma while Svartz
and Ernberg (1949) suggested that patients with longstanding quiescent colitis are at great-
est risk. Goligher has encountered both situations (1968). Personal experience leads me to
believe that the patients that do poorly are those who are not under medical supervision
and present with symptoms due to their tumour; a large mass or stricture is usually found.
Local disease is usually extensive and multiple tumours not infrequent. By contrast those
tumours occurring in patients under medical supervision have more often been detected
when much smaller and less advanced locally. It must be admitted, however, that patients
not under medical supervision usually have either no symptoms or symptoms that they are
easily able to manage themselves without resorting to medical advice.

I1. Management of the High Risk Clinical Group

The identification of this clinical high risk group has put the clinician in a dilemma. One
approach is to submit the whole of this high risk group to proctocolectomy, usually when
the disease has been present for 10 years (Goligher, 1968; Rosenqvist, 1955). However,
this wholesale sacrifice of colons has been challenged because apart from the inevitable
small mortality, appreciable morbidity, and the effects of permanent ileostomy, only a
small proportion of patients even within this high risk group eventually develop carcinoma.
It has been estimated that approximately 3.0-3.5 of all colitics develop cancer (Mottet, 1975).
As about one third of all colitics are total, it follows that in this high risk group about 10%
will develop carcinoma. This is in accordance with the 12.5% incidence at 20 years indicated
by Edwards and Truelove although the incidence will probably rise with the length of his-
tory. However, this incidence is considered sufficient by some to justify their aggressive
management. Others see carcinoma complicating colitis so infrequently that they tend to
take no special precautions. Many clinicians tend to follow a middle course and while not
advocating proctocolectomy on all their high risk patients, nevertheless become increasing-
ly ready to advise this operation when severe exacerbations of the disease occur which they
might otherwise have treated more aggressively by medical methods.

III. The Distribution of Carcinoma in Ulcerative Colitis

It is commonly held that the distribution of colitic cancers varies from that seen in non-
colitic cancers in that the former are more commonly seen in the proximal colon. In some
studies, this has been marked and Edwards and Truelove (1964) found only 6 of 27 carci-
nomas reported in the rectum. Conversely, Mottet (1971), by combining several series, sug-
gested that 45% of colitic cancers arise in the rectosigmoid, compared to 60% of non-colitic
cancers. This is of some importance as those carcinomas occurring in the rectum are directly
accessible by sigmoidoscopy while those proximal require other methods of diagnosis.
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1. Site of Carcinomas
The distribution of carcinomas included in this study is shown in Table 1. This was based

on 111 colitic carcinomas available for pathologic study from 73 patients at St. Mark’s
Hospital, London.

Table 1. Comparison of the distribution of multiple and single carcinomas with patients and sex

Multiple Tumours Single Tumours

Male Female  Male Female Total % of
(9 patients) (9 patients) (21 patients) (34 patients) (73 patients) % of Total

Caecum 3 1 1 1 6 5.4
Ascending Colon 1 0 1 1 2.7
Hepatic Flexure 0 4 0 1 4.5
Transverse Colon 6 6 0 7 19 17.1
Splenic Flexure 2 4 1 3 10 9.0
Descending Colon 5 2 1 4 12 10.8
Sigmoid Colon 2 6 1 1 10 9.0
Rectum 6 8 16 16 46 41.5
Total 25 31 21 34 111 100.0

In this series rectal cancers accounted for 41.5% of the cancers studied and this is only little
short of the figure of 50.0% which is the accepted proportion of carcinomas arising in the
rectum in the population at large (Morson and Dawson, 1972). A significant difference, how-
ever, is that in the general population a further 25.0% of carcinomas are expected in the sig-
moid area and the remaining 25.0% tend to be fairly equally distributed between the remain-
ing parts of the large intestine (Morson and Dawson, 1972). In this series it is apparent that
the sigmoid colon is the site of only 9.0% of all carcinomas and that as the right side of the
colon is approached the incidence gradually decreases. A second peak is encountered in the
transverse colon where approximately 1/6 of the carcinomas were found. However, it should
be remembered that when compared with the 9.0% found in the vicinity of the splenic flex-
ure and the 10.0% found in the descending colon that this figure is quite in proportion to
the relative length of the large intestine. Even accounting for the shortening that occurs in
ulcerative colitis it is hard to imagine the length of the transverse colon being less than twice
that usually described as being splenic flexure, and yet the splenic flexure alone has ap-
proximately 50.0% of carcinomas when compared to the entire transverse colon. This sug-
gests that carcinomas arising in ulcerative colitis do so predominantly on the left side and

are more common as the rectum is approached. The right side of the colon accounts for
only a small proportion of all carcinomas in ulcerative colitis.

2. Multiple Carcinomas

When the distribution of single and multiple tumours is examined two important factors
emerge. In men the vast majority of single tumours occur in the rectum (16 out of 21) while



185

in women 16 out of 34 were in the rectum and there was a much greater tendency for the
remainder to be distributed throughout the remaining colon particularly transverse and left
side. When multiple tumours are considered, however, the distribution throughout the colon
is very similar in both sexes. When compared to the usual distribution of carcinomas in pa-
tients not having ulcerative colitis the general trend of rectal carcinomas occurring in males
and colonic carcinomas occurring females is maintained.

Table 1 also shows the distribution of the multiple tumours which were present in 18/73
patients (24.7%). The shift to the right is apparent. No combination was seen with undue
frequency; the most frequent was that of transverse colon and rectum, but this occurred
only in 4 of the 18 patients. In 11/18 the most distal tumour was in the rectum; in a further
3 it was in the sigmoid and in the remainder it was in the descending colon. However, the
most distal tumour was not always the most advanced pathologically.

IV. Methods of Cancer Detection in Ulcerative Colitis
1. Conventional Methods

These include barium enema, which is relatively insensitive unless the carcinoma is advanced;
sigmoidoscopy, useful because almost half of colitic cancers do so within sigmoidoscopic
range (Table 1); colonoscopy, the value of which has yet to be assessed, but should be of
greater value than barium enema in the detection of more proximal carcinomas and the
evaluation of strictures; and plasma carcino-embryonic antigen activity, which to date has
been of little value (Dilawari et al., 1974).

V. Epithelial Dysplasia in Ulcerative Colitis
1. The Concept of Dysplasia as a Premalignant Lesion

The concept of a premalignant phase in ulcerative colitis is not new. Yeomans, as eatly as
1927, when describing only the second case of carcinoma developing in ulcerative colitis
(the first having been described 2 years before by Crohn and Rosenburg) raised the possi-
bility that carcinoma might be related to the inflammatory polyps developing in this con-
dition (““pseudo”-polyps is a poor term, for polyps they most assuredly are). This view was
expounded by numerous authors subsequently and the entire sequence and previous liter-
ature was well described by Dawson and Pryse-Davies in 1959.

The problem that this raisesis in trying to decide whether adenomas arising in ulcerative col-
itis are true adenomas similar to those seen in non-colitic patients or really represent adeno-
matous transformation of inflammatory polyps. This is exemplified by Fenoglio and Paschal
(1973) who suggested that adenomatous polyps and intraepithelial anaplasia occurred 7 times
more frequently and at a younger age in patients with ulcerative colitis. In contrast, Swinton
and Warren (1939), Hardy, Brooke and Hawkins (1948) and Counsell and Dukes (1952)
took the view that inflammatory polyps never become neoplastic. The last reference is of
interest since I have personally examined pathology reports written by Cuthbert Dukes at
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that time and one of these has reported ‘“‘extensive premalignant change in ulcerative col-
itis”. This suggests that Dukes was certainly familiar with the problem and that this con-
clusion was based on his considerable experience. An intermediate view was taken by Warren
and Sommers (1949), who stated that “inflammatory polyps . . . . are considered least like-
ly to undergo malignant change™.

In 1967, Morson and Pang described “precancerous’ changes in the mucosa in 23 colect-
omy specimens resected for carcinoma in ulcerative colitis. These changes were often ex-
tensive and involved the mucosa away from the site of the carcinoma as well as in its im-
mediate vicinity. Similar changes were found in a retrospective study of 12 of 134 patients
with total colitis undergoing resection — an incidence of 9%. In a retrospective study of 148
rectal biopsies taken from patients with ulcerative colitis, 94 were from patients treated
medically and none showed premalignant change while in 16 of 54 biopsies from patients
later undergoing colectomy, this “premalignant™ change was found (29%), but none of them
were accompanied by carcinoma. In a further 9 patients, a report of premalignant change
was responsible to some extent for subsequent proctocolectomy and, in 5 of these, a car-
cinoma was found incidentally in the resection specimen. They point out that these changes
may occur in flat or polypoid mucosa and emphasized that irregularity, loss of parallelism,
lateral budding of the epithelial crypts and a tendency to adopt a villous configuration was
common while the importance of proliferating tubules in the submucosa was stressed. Cy-
tological changes similar to those seen in dysplasia in other sites were described, such as en-
larged pleomorphic hyperchromatic nuclei with nuclear stratification and increase in the
nuclear-cytoplasmic ratios. They concluded that regular rectal biopsy might be used to
demonstrate these changes and to predict which patients were most likely to develop car-
cinoma even though this may be elsewhere in the colon. Evans and Pollock (1972), how-
ever, investigated the extent of premalignant change as described by Morson and Pang in

4 patients and found it to be very variable, being absent or restricted in 2, but very exten-
sive in the other 2. Furthermore, in all 4 cases, the rectum was spared in whole or in part
and they suggested that rectal biopsy was not a good method for predicting which patients
would develop carcinoma. However, Hulten et al. (1972), found premalignant change in 22
of 25 patients with ulcerative colitis and carcinoma, and in 12 of these it was in direct con-
tinuity with the tumour. They also examined specimens from ulcerative colitis of short
duration, ulcerative colitis and lymphoma, and Crohn’s disease. While the full picture of
premalignant change was not found in these groups, they did find in these specimens nu-
clear stratification, variation in size and shape of nuclei with hyperchromatism and lateral
budding of the tubules, but emphasized that neither loss of nuclear polarity nor true villous
growth was observed. Unfortunately, they do not define precisely their criteria for distin-
guishing between nuclear stratification and loss of polarity.

Myrvold et al. (1974), from the same hospital, described 47 patients subjected to procto-
colectomy for ulcerative colitis in whom 3-4 rectal biopsies were taken from different sites
prior to operation. Premalignant change was found in 7 of these. In resection specimens of
these 7 patients, a carcinoma was found in 5, while in only 1 was it suspected. However,
they also described “cellular atypia” in a further 16 patients; while in the resection specimens
from this group, 10 had premalignant change, although none had an accompanying carcino-
ma. Regrettably, there are no illustrations of this change while the text states only that it

is not the “full picture of precancerous change”. In the other 24 patients in this group with
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no atypia or precancer on rectal biopsy, 9 had “cellular atypia in the resection specimens,
while one had precancer”. They also state that although 3-4 biopsies were taken from each
patient, precancer was only noted in one or two of these. They concluded that the finding
of these changes justified prophylactic proctocolectomy.

Yardley and Keren (1974) also attempted to define the “precancer” lesion in patients with
ulcerative colitis by examining 41 resected specimens and 412 rectal biopsies taken at the
Johns Hopkins Hospital by grading the degree of acute inflammation, the degree of atypia
and the degree of villous change. They found “epithelial atypia” in the mucosa adjacent to
7 out of 8 resected for carcinoma and emphasized the importance of villous or polypoid
change and mucin depletion. They found similar changes in 3 of the 412 rectal biopsies
studied and two of these were found to have invasive carcinoma in the resected colon while
the third had diffuse precancerous change throughout his colon in the form of multiple
adenomas. However, they also stressed that acute inflammation increased the number of
biopsies showing suspicious changes. They also pointed out that some cases of precancer
might go undetected if rectal biopsy only was used, and suggested that precancer patients
might be more successfully identified using the colonoscope. These reports suggest that an
identifiable morphologic precursor to carcinoma in colitis does exist.

To date there are few prospective studies; Lennard-Jones (1974) reported 171 patients with
extensive colitis who were followed between 1966 and 1973 during which time 14 showed
epithelial dysplasia on rectal biopsy. In 7 of these, proctocolectomy was carried out and 3
had carcinoma in the resected specimen, two being small inconspicuous and confined to

the bowel wall (Dukes A). The third was larger with slight extension beyond the bowel wall,
but no nodal involvement (Dukes B). All were well 2, 6 and 7 years after the resection. In
the remaining 7 patients, the dysplasia was inconstant and not severe enough to be regarded
as precancerous and they remained under medical care 1-3 years after dysplasia was first
noted. During this time, no other carcinoma developed. At first sight, this implies that rect-
al biopsy is a useful indication of incipient malignancy, but this study is open to the criti-
cism that if a flat plaque-like carcinoma developed in the more proximal colon in one of
these patients in the presence of consistently normal rectal biopsies, it could remain unde-
tected until it manifests itself clinically or on barium enema. The fact that this has not
happened to date is encouraging.

From these studies, several points are apparent:

First, while frank precancerous change in a rectal biopsy is a useful additional parameter

in detecting early carcinoma in colitis, the number of patients already having a carcinoma

at the time of operation is high and suggests that it might be more valuable to carry out the
operation at an earlier stage in the life history of this process. However, so far only severe
dysplasia (precancer) can be diagnosed with confidence, lesser degrees always raising the
possibility that an inflammatory or post-inflammatory dysplasia is present. The relationship
between inflammatory dysplasia and precancer and methods of distinguishing between them
requires clarification.

Second, it appears that there is a significant relationship between rectal precancer and car-
cinoma. What is not known is the extent of precancer particularly in the rectum because
this is the site most accessible to biopsy. If the whole rectum is always affected then a
single biopsy would be positive. If the changes are patchy then multiple biopsies would
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be required. In the event that precancer spares the rectum, then rectal biopsy would be
of no value.

VI. Precarcinomatous Change
1. Macroscopic Appearance

a) Flat mucosa: epithelial dysplasia frequently occurs in mucosa showing no distinguishing
features from those usually seen in longstanding ulcerative colitis. However, if the mucosa

is hyperplastic and of increased thickness the usual atrophic appearance may be absent and
underlying vessels difficult to see. Such atypical areas should be biopsied.

b) Villous mucosa: This change is recognizable macroscopically as an indistinct, slightly
verrucose appearance because of the villi (Fig. 1b). In the fresh specimen it has a somewhat
velvety appearance and the villi vary from just visible on close inspection to readily visible,
depending largely on size. Endoscopically this is more difficult to recognize as viewing is
necessarily carried out end on rather than by direct vision from above. However, it is oc-
casionally recognized by clinicians as *“? villous tumour” from which a biopsy is taken.
The recognition of this lesion will clearly be facilitated by a wider knowledge of its exis-
tence.

Fig. 3. Discrete polypoid nodules in rectum. One is only just elevated above the surrounding mucosa
(arrow). A small carcinomatous plaque was also present (arrowhead). Note also that the intervening
mucosa is opaque and appears thickened.
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c) Polypoid mucosa: This is readily recognized in fresh and fixed specimens as well as endo-
scopically (Fig. 4). However, there may be difficulty in distinguishing some inflammatory
polyps from an adenoma, and this has been shown to be spectrum (Dawson and Pryse-
Davies, 1959). As the incidence of invasive carcinoma in adenomas is closely related to

size (Morson, 1973), it is clearly advisable to excise endoscopically any polyp in which the
head is 1 cm or more in diameter.

Fig. 4. Adenomatous dysplasia (villous). Tall slender villi are present. (H & E x 75)

2. Microscopic Appearance

A total of 111 carcinomas were subjected to histological examination in an attempt to
define any patterns that were present either overlying the carcinoma or at its edge from
which there was evidence that the carcinoma was arising. This disclosed 5 basic patterns
which appeared to be closely related to the carcinoma and 2 of these were found to re-
latively common while the other three were comparatively rare.

These are called: Adenomatous change Common
Basal cell change Common
In-situ anaplasia Rare
Clear cell change Rare

Pancellular change Rare
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a) Adenomatous type: This is the classical picture of neoplastic epithelium and occurs in
flat, villous and polypoid mucosa (Figs. 1 and 3). When villi are present they vary from
rather broad to tall and slender (Fig. 4). Sometimes the villi have small tubules budding

into their substance and this produces club-shaped villi (Fig. 5). In most villi the greatest
dysplasia is usually seen at the base of the crypts and there is evidence of maturation as

the tip of the villus is approached. When club-shaped villi are present the reverse is frequent-
ly the case. As the villi decrease in height there is a greater tendency for them to bud, and
this may be sufficiently marked as to give rise to a back to back appearance.

Fig. 5. Adenomatous dysplasia (villous). Well developed slender villi are present but in some of these
there are tubules budding into the villus and producing a club-shaped appearance (H & E x 48)

A further feature descernible at low power is the amount of mucus present, and this usually
varies inversely with the severity of dysplasia. In areas of severe cytological atypia there is
seldom any mucin production and the cytoplasm is eosinophilic. Only an occasional goblet
cell, or sometimes a minute amount of mucin in a very regular pattern on the lumenal as-
pect of the cells, can just be discerned. When dysplasia is less marked there may be moderate
amounts of mucin present. Goblet cells can appear normal but sometimes a regular row of
goblet cells is present in which the mucus droplet occupies only about half of the cell (Fig. 6).
When dysplasia is mild there is frequently a normal or even an excessive amount of mucus
(Fig. 7); the cells often appear abnormally large and sometimes the goblet cells lose their
polarity. Then the whole cell migrates towards the luminal surface and is poorly oriented

so that the nucleus is not on the basal side of the cell. Under these circumstances the cells
usually become rounded and take on an appearance resembling signet ring cells (Fig. 12b).

Cytologically cell size is uniform although minor variations are seen, particularly towards
the tips of villi. The nuclei show all the characteristic features associated with neoplasia.



191

Fig. 6. Adenomatous dysplasia of moderate
degree. The nuclei, although hyperchromatic,
are largely situated at the base of the cell.
The remainder of the cell is mucus
(H&Ex120)

These are usually rather uniformly hyperchromatic and elongated and it is difficult to see
any nuclear detail. Occasional small nucleoli may be present. Sometimes the nuclei are
more vesicular with a heavy hyperchromatic peripheral chromatin rim and one or two
prominant nucleoli (Fig. 8).

In the polypoid type of dysplasia there can be difficulty in distinguishing a true adenoma
from a dysplastic inflammatory polyp (Fig. 9) and in the late stages it is impossible. While
this appears to be semantics it is feasible to treat a solitary adenoma in the absence of dys-
plasia in the adjacent mucosa by simple polypectomy. However, if the patient has numerous
inflammatory polyps several of which show dysplasia, this suggests that a more generalized
change is occurring and more radical surgery should be seriously considered. While the ade-
nomatous type of change has been described as occurring in flat, villous and polypoid mu-
cosa, carcinoma arising from a flat mucosa is exceptional and there is usually transforma-
tion to a villous or more polypoid form in the immediate vicinity of the carcinoma.

Early adenomatous change is invariably found at the base of the crypts, particularly when
these are bifid (Fig. 7). Rarely the luminal surface appears most dysplastic although this

is more commonly in the early stages of the “basal cell” type of dysplasia. Figure 7 is prob-
ably the earliest lesion that can be considered to have invasive potential, although carcinoma
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Fig. 7. Mild adenomatous dysplasia. There is marked glandular distortion but the cells are large and in
some of the goblet cells the mucus has become trapped and the cell is rounded resembling a signet
ring cell. Dysplasia is limited to the base of the crypt. This is one of the earliest phases in which ade-
nomatous dysplasia can be confidently diagnosed (H & E x 120)

Fig. 8. Mild adenomatous dysplasia with open vesicular nuclei and prominent nucleoli (H & E x 480)
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Fig. 9. Adenoma or dysplasia in an inflammatory polyp? The low power appearance here with a poorly
organised array of crypts and lamina propria suggest that this may have been an inflammatory polyp.
(The similarity of this low power to a juvenile or retention polyp is apparent — H & E x 30)

seldom arises in mucosa showing so little dysplasia. When carcinomas do arise from this
type of mucosa they are usually “colloid” cancers, and the epithelium lining the colloid
vacuoles similarly shows surprisingly little dysplasia. Furthermore, these tumours may de-
stroy the muscularis propria, an “erosive’ process, so that the luminal surface rests directly
on the remnants, if any, of the muscularis propria. Biopsies of these lesions may be very
difficult to diagnose as carcinoma and this may only become apparent when the resected
specimen is examined.

In some biopsies dysplasia is insufficiently severe to classify as early neoplastic and yet is
out of proportion to that expected as a response to inflammation even when inflammation
present is taken into account. The only logical recourse in these circumstances is to request
repeat biopsies.

b) Basal cell proliferation: This is most frequently seen in flat featureless mucosa where it
occurs in a relatively pure form, but may be mixed with the adenomatous type of dysplasia.
It can arise in mucosa of normal or increased thicknesses. Cell size is often normal or only
moderately increased and the characteristic feature is a row of distinct small and intensely
hyperchromatic nuclei arranged in a line (Fig. 10). The lack of the typical features of neo-
plasia including pleomorphism, loss of polarity and nuclear crowding is typical and the ap-
pearance is not dissimilar to Beluga caviar arranged in a row (Fig. 11a). Occasional nuclei
are slightly vesicular with a dense peripheral chromatin ring, a prominent nucleolus, mild
pleomorphism but marked polychromatism (Fig. 11b). The cytoplasm is similarly distinct
and is usually markedly eosinophilic to the point of appearing almost oncocytic. Further-
more, an identical appearance is seen throughout the whole length of the tubule, suggesting
failure of cellular maturation. Goblet cells are absent. Sometimes evidence of maturation
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Fig. 10. Basal cell proliferation. The low power appearance may be deceptively unimpressive although
occasionally the mucosa is thickened. The major abnormalities are the rather slender crypts, increased
mucosal thickness and a total loss of goblet cells. However, even at this magnification mitotic figures
can be seen in the mouths of the crypts with no adjacent ulceration (H & E x 120)

is seen as judged by the formation of goblet cells or a small row of mucin droplets close
to the luminal border of the cell (Fig. 12a). Mitotic activity is usually readily visible, at
times it is intense, and mitotic figures can sometimes be found in the upper third of the
crypts. Frequently, argentaffin, other clear cells, and Paneth cells may also be found. In-
flammatory changes in the lamina propria are usually mild. The impression then is that
the cells at the base of the crypts pass to the surface with very little or no evidence of ma-
turation, and it is for this reason that the term “basal cell” proliferation was chosen.

This is a particularly perplexing lesion as it is difficult to believe from its appearance that
it has any neoplastic potential. However, it appears to give rise directly to some of the very
poorly differentiated tumours that characterise ulcerative colitis (Fig. 13). The uniform ap-
pearance of both nucleus and cytoplasm along the crypt suggest that the cells are failing

to mature as they progress towards the surface. When associated with a high mitotic index
this might be because the turnover time is insufficient for the cells to mature as in subtotal
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Fig. 11a. Basal cell proliferation. The nuclei are distinct and are polychromatic but have not lost their
polarity. This produces the Beluga caviar effect (H & E x 300)

Fig. 11b. Basal cell proliferation. High power view of Figure 11a. Nuclear pleomorphism, occasional
prominent nucleoli, and variation in the intensity of staining is apparent. Note the failure of the nuclei
either to lose polarity or to overlap (H & E x 1200)

villous atrophy in the jejunum, but when this is not apparent it is possible that the cells
just fail to mature. The possibility that these cells are all absorptive cells with primary fail-
ure of goblet cell formation has to be considered but the nuclei are not the small rather
vesicular normochromatic nuclei with small nucleoli that are typical of these cells. Further-
more, in many instances features of goblet cells can be discerned (Fig. 12). Once the late
lesion can be recognized, it becomes much easier to recognise the early stages which in
their own way are also characteristic. The most noticeable feature is that only part of the
crypt is involved, but because the lesion probably reflects a failure of maturation it is most
readily identified in the luminal portions of the crypt where the lack of goblet cells and
glassy eosinophilic cytoplasm are seen (Figs. 12 and 13). However, mitoses are not usually
present while the characteristic nuclear changes are present but less well developed. Some-
times the changes are rather more obvious in the basal two thirds of the crypts.

¢) In-situ anaplasia: This is rare and has only been seen in flat mucosa. When present it is
frequently associated with the basal cell type of dysplasia in the adjacent mucosa. It takes
one of two forms. In one there is virtually no residual crypt structure but the mucosa con-
sists of a sheet of small undifferentiated cells (Fig. 14) in which signet ring cells can usually
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Fig. 12a. Basal cell proliferation. Nuclei remain reasonably distinct and polychromatic but this is less
marked than in Figure 11 and mucus droplets are present at the apical border of many of the cells
(H&E x480)

Fig. 12b. Basal cell proliferation — early phase. Many of the cells are distinct and appear to be of one
type only, each with an apical mucus droplet. Nuclei are polychromatic and distinct although less so
than in Figure 12a. Atypical goblet cells are also present in the crypts (H & E x 300)

be seen and sometimes may predominate. Surprisingly, in spite of the appearance this is
often confined by the muscularis mucosae. However, once it becomes invasive vessel per-
meation is easy to find. In the second variety the crypt structure can still be discerned but
the crypts appear to be breaking down. This form is even more uncommon than the first.
In all cases examined there was little excess inflammation in the adjoining mucosa.

d) Clear cell type: This a further type of change which at first demands little attention be-
cause of its apparently innocuous appearance and occurs as a slightly raised plaque. It is
characterized by large clear cells, which stain poorly with either alcian blue (pH 2.5) or
by the PAS method. The nuclei are elongated and hyperchromatic and there is some loss
of polarity (Fig. 15). Occasional villi may be present (Fig. 16). Carcinomas arising from
this mucosa tend to be well differeritiated (Fig. 17). Close to the surface the lumen takes
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Fig. 13a (left). Basal cell proliferation — early phase. This usually involves the upper half of the crypt
where distinct nuclei and no goblet cells are seen. Numerous goblet cells are present in the lower third
of the mucosa but these have the appearance of pseudo-pyloric metaplasia rather than normal colonic
goblet cells. They stain more intensely with PAS than ordinary goblet cells. Pseudo-pyloric metaplasia
can be seen with and without dysplasia in ulcerative colitis (H & E x 120)

Fig. 13b (right). Higher power of Figure 13a showing lack of maturation and enlarged distinct basally
situated nuclei. Only minor variations in nuclear staining are present (H & E x 480)

on an irregular arrangement that is reminiscent of the sawtooth appearance seen in meta-

plastic (hyperplastic) polyps. Paneth and argentaffin cells were not seen and mitotic figures
were rare.

e) Pancellular dysplasia: This is seen in flat featureless mucosa and is characterized by dys-
plasia which is manifest mainly as large hyperchromatic nuclei with loss of polarity, but this
affects all cell lines including Paneth, argentaffin and goblet cells. Paneth cells are prominent,
found away from their usual position at the base of the crypts and appear to migrate up the
crypt. Their nuclei lose their polarity and may be situated on the luminal side of the gran-
ules (Fig. 18). Goblet cells tend to be distended with mucus, possibly an indication of an
abnormality in the normal release mechanism. When the nucleus loses its polarity and ap-
pears as a crescent at the luminal border to the cell the comparison with a signet ring cell
seems unavoidable, although it may well be totally inappropriate. Argentaffin cells also
appear far more numerous and may entirely surround the crypt giving an appearance re-
sembling an in-situ argentaffinoma (Fig. 19). Any of these types of cell may predominate,
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Fig. 14. In-situ anaplasia. Upper: The mucosa is virtually replaced by in-situ change that is limited by
the muscularis mucosae. Fragments of residual crypts can be identified in the deep part of the mucosa
(H & E x 30). — Lower: High power showing small cell very poorly differentiated adenocarcinoma

(H & E x 480)

Fig. 15. (Legend see p. 199)
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Fig. 16. Clear cell dysplasia. Superficial villi are present and the hyperchromatic elongated nuclei
showing loss of polarity are better seen (H & E x 120)

but the other cell lines are invariably affected, albeit to a lesser degree. In the only tumour
seen arising directly from it, argentaffin cells surrounded most of the crypts and infiltrated
the lamina propria. However, the tumour present in the submucosa was a carcinoma with
extracellular mucin pools in which there were signet ring cells and also cells with many
argentaffin granules (Fig. 20). There were no metastases. It is clearly semantics as to
whether this should be called a mucin secreting carcinoid tumour as described in the
appendix (Klein, 1974; Subbuswamy et al., 1974) or a carcinoma with argentaffin cells.

Three macroscopic and five microscopic types of dysplasia occurring in ulcerative colitis
are described. While the descriptions suggest that these are distinctive entities, it cannot

be overemphasised that these are frequently mixtures, particularly of the two more com-
mon forms. Close examination of a proctocolectomy specimen for carcinoma in colitis will

Fig. 15. Clear-cell dysplasia. At first site this resembles an overgrown hyperplastic (metaplastic) polyp
with more hyperchromatic nuclei in the basal part of the lesion and a suggestion of a “sawtooth” in-
dentation of the upper crypts. (H & E x 75)
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Fig. 17. Carcinoma arising from clear cell dysplasia. Note how parts of the tumour resemble the clear
cell type of dysplasia while other areas resemble a more conventional well differentiated adenocarcinoma
(H&E x120)

often reveal a whole spectrum of changes, not only of the various types of dysplasia, but
also of grades of any one type of dysplasia. The early phases of the two major types of
dysplasia have been described in detail. Less attention has been paid to the early stages of
the rarer types for several reasons. The early lesion of in-situ anaplasia is almost certainly
the basal cell type of dysplasia, the early features of which have been described. In clear
cell change, they may not have been recognised and those described are the earliest known,
while the early stage of pancellular type is readily recongisable but is largely one of degree.
It should also be remembered that because these changes are neoplastic, they tend not to
conform, and while the changes described are the patterns most frequently encountered
or the most distinctive, nevertheless, numerous subtle variations on all these themes can
invariably be found. Because these changes tend to be zonal within the crypt in the ini-
tial stages, it is important that all biopsies are handled in a similar manner to jejunal
biopsies so that the correct orientation of the biopsy can be maintained.
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Fig. 18. Pancellular dysplasia. Lower part of mucosa showing atypical Paneth cells (P), argentaffin
cells (A), and an atypical goblet cell (G). (H & E x 300)

Fig. 19. Pancellular dysplasia and carcinoma. The largest crypt is almost surrounded by argentaffin
cells and clusters of these cells can be seen infiltrating the lamina propria (arrowed, H & E x 480)
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Fig. 20. Submucosal tumour of Figure 19. Note the mucous lake in which are floating typical signet
ring cells. The more opaque of these have typical argentaffin granules in their cytoplasm. (H & E x 1200)

VIL. The Relationship Between Inflammation and Dysplasia

The difficulty that can arise in the distinction between early neoplastic transformation and
an intense reaction to inflammation has already been mentioned. It seems likely that these
are part of a spectrum of changes so that in some patients the distinction can be almost im-
possible, particularly if repeat biopsies show no evidence of regression. The existence of

this difficult, small group is undeniable, but it undoubtedly exists. However, it may be
reduced to some extend by a knowledge of the appearances that can occur during an acute
attack of colitis or in the subsequent regenerative phase as these should not be a source

of confusion. The problem of co-existent inflammation and dysplasia must also be further
explored.

1. Changes Associated with Acute Colitis or Regeneration

The features of the acute phase of ulcerative colitis are well described (Price and Morson,
1975). In this phase the nuclei become enlarged and vesicular with a light peripheral chroma-
tin rim and the nucleolus becomes prominent. These features are seen throughout the mu-
cosa and particularly in epithelium undergoing active regeneration (Fig. 21). Sequential
biopsies from this patient demonstrated that it took almost a month for these changes to
resolve and even then the nuclei were still distinctly enlarged when compared to the nor-
mal (Fig. 22). This is known as “epithelial hyperplasia”.

Sometimes the regenerative phase is even more dramatic. Figures 23 and 24 are selected
from the ascending colon of a 10 year old boy with only a three week history of ulcerative
colitis which failed to respond to medical therapy, and there is little doubt that these fea-
tures are regenerative. The presence of large vesicular nuclei with prominent nucleoli can,
therefore, be a normal feature of regeneration following the acute phase of ulcerative colitis.
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Fig. 21. Acute ulcerative colitis. The nuclei in the crypt abscess are enlarged, open and vesicular, some
have prominent nucleoli and there is mucin depletion. Similar changes are apparent in the lower crypt.
(H & E x 300)

It is slightly less surprising that children have such a high incidence of colitic carcinomas
if they produce such exuberant reactive changes. These could be confused with the early
phase of adenomatous type dysplasia and an early example of the latter with the variant
showing open vesicular nuclei is shown in Figure 5. From this it is apparent that they have
much in common and this is summarised in Table 2.

There is one other change where distinction from neoplastic dysplasia may be very diffi-
cult and that is the appearance which may be seen within 2 or 3 crypts of the edge of an
ulcer and from which the ulcer base is being re-epithelialised. Because of the associated
ulceration little attention is usually paid to it, but occasionally this change can be marked
(Fig. 25). In the crypt selected differentiation from neoplasia would be very difficult if not
impossible, yet there is little doubt that in this setting there is no indication that this is a
premalignant lesion.
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Table 2. Comparison of cytologic detail of regenerative dysplasia and neoplastic dysplasia

Mild > Mod. Severe
Regenerative Neoplastic Neoplastic

Cell size U O t-t™
N/C ratio High Low-Mod High
Loss of polarity +H+ + — 4+ + — +++
1 nuclear size - ++ +
Nuclear pleomorphism ++ + ++
No nuclei/unit area st ™ M
Hyperchromatism of nuclei $—s1t -t t-M
Polychromatism of nuclei + + — ++ + — ++
Large eosinophic nucleoli R A + — ++ +— ++
Mitotic rate 0-=* T ++ + —
Mucin 0-=* + — ++t+ 00—+
Inflammation >t 0 — ++ 0—++
Adjacent crypts variation ++ similar similar

Fig. 22. (Legend see p. 205)
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Fig. 23. Regenerative dysplasia from a 10 year old boy with a 3 week history of ulcerative colitis. At
low power the nuclear disarray, homogenous cytpoplasm and lack of goblet cells is apparent. (H & E
x 120)

2. Co-Existent Inflammation and Dysplasia

One of the great difficulties encountered by pathologists attempting to recognize the pre-
malignant lesion as described by Morson and Pang (1967) is that inflammation can modify
the appearances of the nuclei in the crypt, and there is uncertainty as to how much of this
is genuine dysplasia and how much is the result of the inflammation. The recognition of
changes associated with acute inflammation should reduce the number of difficult biopsies.

The interpretation of other biopsies may be facilitated when the following points are con-
sidered:

First, most pathologists will confidently diagnose an adenoma in the presence of severe
inflammation and surface ulceration. These lesions are still very obviously either adenomas
or possibly part of a carcinoma. It follows that a diagnosis of neoplasia can readily be made
even in the presence of a heavy acute and chronic inflammatory infiltrate. The question then
should not be whether a diagnosis of neoplasia can be made in the presence of inflammation,
but rather how little dysplasia is required for a positive diagnosis of neoplasia when inflam-
mation is present. Furthermore, in the absence of inflammation most pathologists will again
be confident of making a diagnosis of dysplasia when only mild degrees of dysplasia are
present.

Fig. 22. Epithelial hyperplasia. The crypt on the right shows the typical features of epithelial hyper-
plasia, the nuclei being enlarged and apparently increased in number, and this tends to occur predom-
inantly in the base of the crypts. Here the hyperplasia is unusual in being focal, but this does allow
comparison with an adjacent normal crypt. (H & E x 120) :
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Fig. 24a. Higher power of regenerative epithelium. Note the enlarged, stratified, open vesicular nuclei
with prominent nucleoli. (H & E x 480)

Fig. 24b. High power to show the nuclear features and the syncitial appearance of the cytoplasm
(H & E x 1200)

Second, severe inflammation frequently occurs in ulcerative colitis with no evidence of
dysplasia; indeed, dysplasia is the exception even during an exacerbation. This raises the
question as to why there should be so much individual variation to inflammation and
whether these merely represent different responses to inflammation or whether those
patients that exhibit dysplasia in response to inflammation are the same patients that
later are predisposed to develop carcinoma, although there is at present little evidence
to support this concept.

Third, in some resected specimens for ulcerative colitis it appears that the dysplasia and
the chronic inflammation are intimately related, for both cease abruptly at the same time.
The question here is whether the inflammation produces the dysplasia or is a response to
it. The latter is not unreasonable and is a well recognized pathological phenomenon, being
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Fig. 25. Changes at the edge of a colostomy ulcet. The crypts are devoid of goblet cells and the nuclei
are markedly stratified. (H & E x 100)

an integral feature of both Bowen’s disease and lentigo maligna. In both of these lesions,
it is always assumed that the chronic inflammatory infiltrate is a reaction to the neoplasia
and not the reverse. It is, therefore, reasonable to extend this concept to the colon and
postulate that a similar reaction may occur in a lamina propria as a reaction to dysplasia
within the crypts. This is particularly applicable to those cases in which there is no evi-
dence of acute inflammation and the inflammation present is crypt-sparing. Furthermore,
the degree of chronic inflammation sometimes increases with the grade of dysplasia,
and the fact that this is not reactive dysplasia is shown by dysplasia increasing until severe
and a carcinoma developing in it. In control material studied, none of 11 patients with a
history of less than 2 years had anything other than an inflammatory dysplasia while in
20 patients with a history of between 2 and 5 years, only 1 patient had a lesion catego-
rized as genuine dysplasia. Although numbers here are small, this suggests that severe re-
active changes may themselves be related to the length of history.

In conclusion, then, there are several reactions to inflammation that may be unusually ex-
uberant and confused with neoplastic transformation, but there is little evidence that these
are related to subsequent neoplasia and must be distinguished from it. However, there are
occasions when true dysplasia and inflammation, particularly chronic inflammation, co-
exist without involving the crypts as occurs in the acute episode. It is suggested that this
could be a host response to dysplasia rather than an epithelial response to the inflammation.
This implies that if the inflammatory component is entirely mononuclear that it could be
disregarded when dysplasia is being assessed.
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VIII. The Reversibility of Dysplasia

It is generally held that one of the better methods of distinguishing inflammatory from
neoplastic dysplasia is that the former is a reaction and will, therefore, regress when the
stimulus producing it is withdrawn, whereas, the latter should be progressive. In ulcerative
colitis, the resolution of the acute phase could be interpreted as a withdrawal of whatever
initiated that exacerbation, but the persistence of exuberant epithelial hyperplasia, or the
lack of its resolution, could be interpreted either as the persistence of the disease process
or possibly early neoplastic transformation. Whatever its nature, this lesion is a problem
only because of the uncertainty of its outcome, and dysplasia of this kind only requires
careful follow-up.

The question of whether a true dysplasia ever resolves is a rather more difficult problem
because of the lack of experience in following patients with rectal dysplasia in view of the
high associated incidence of carcinoma and the possible focal nature of dysplasia so that
a positive biopsy followed by a negative biopsy may not mean that the dysplasia has re-
solved, but that the second biopsy reflects a sampling error. To date, I have observed one
patient who underwent total colectomy in 1971, and ileo-rectal anastomosis for ulcerative
colitis in whom adenomatous dysplasia of villous type was present to the distal resection
margin and a very early submucosal carcinoma was present in the transverse colon which
infiltrated the submucosa only. The initial follow-up rectal biopsy revealed dysplasia, but
numerous biopsies below the anastomosis line revealed decreasing grades of dysplasia and
the last biopsies showed only minor changes which could at best have been interpreted as
epithelial hyperplasia. Although the time interval is relatively short, this does suggest that
dysplasia may occasionally be at least temporarily reversible.

IX. The Natural History of Dysplasia

It is desirable to know whether dysplasia inevitably progresses to invasive carcinoma. Ide-
ally, this requires a control population of colitics with known dysplasia to be followed in-
definitely. Only 3 patients, excluding that described in the previous section, have fallen
into this category; one refusing operation in whom there was severe rectal dysplasia and
two others in whom co-existent sclerosing cholangitis was sufficiently severe to preclude

a prophylactic operation. To date, none are known to have developed carcinoma. However,
a little more insight can be gained into this problem when patients with rectal dysplasia
undergoing prophylactic proctocolectomy are considered. Earlier it was pointed out that
this has been studied at several centers, and between them a total of 26 patients had procto-
colectomies for rectal dysplasia, and of these, 15 had a carcinoma in the resection specimen
which was usually an unsuspected finding. This suggests that dysplasia has at least a very
high propensity to give rise to carcinoma.

X. The Frequency with which Colitic Cancers are Accompanied by Dysplasia

This remains a controversial topic, but there is evidence that a large proportion of colitic
cancers are accompanied by dysplasia. Hulten et al. (1972) reviewed 25 colitics with cancer
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and found dysplasia in 22. In 12 of these the changes were in direct continuity with the
carcinoma. The difficulty is that when tissue morphologically indistinguishable from an
adenoma is found in a carcinoma, does this imply that the two merely co-exist, or that
one preceded the other? Morson (1966) has shown that in non-colitic cancers the chance
of finding an adenomatous component is inversely proportional to the degree of local
spread, the incidence rising to 55% when only submucosal spread is present. In a series of
16 polyps excised colonoscopically which showed invasive carcinoma on the stalk on his-
tological examination, 12 had evidence of such a component (Williarns and Riddell, 1975).
Morson (1973) has shown that when adenomas are excised the incidence of carcinoma is
related closely to size and that almost 50% of polyps over 2 cm in diameter are accompanied
by invasive carcinoma. These observations imply that as carcinomas grow, they tend to de-
stroy evidence of their origin, assuming this to be an adenoma. As the presence of an ade-
nomatous type of epithelium in carcinomas has been used as evidence of an origin in these
lesions, it seems appropriate to use the same criteria when colitic cancers are considered.

In 80 carcinomas personally examined arising in ulcerative colitis treated by proctocolectomy,
there was no evidence of a co-existing dysplastic lesion in 15 (19%). Many of these may have
been due to destruction of any pre-existing lesion as occurs in non-colitic cancers; others may
have been due to sampling error. The main difficulty in these patients is the possibility of

the carcinoma arising independantly of the colitic process; 3 patients showed only the stig-
mata of longstanding ulcerative colitis, and no evidence of any other abnormality; 3 occurred
in a patient with extensive basal cell type of dysplasia, but positive evidence of their having
arisen from this mucosa was lacking. The remaining 9 showed a variety of minor degrees of
dysplasia, a thickened mucosa and proliferation of tightly packed crypts, all of which sug-
gested that there could well have been some relation to the carcinoma.

XI. “In-situ” Carcinoma in Ulcerative Colitis

This term is open to a variety of interpretations. It has been used synonymously with severe
dysplasia, for a specific histological appearance such as a back to back arrangement of glands,
and literally, as any lesion from which a carcinoma is directly arising can legitimately be called
in-situ carcinoma irrespective of the grade of dysplasia present. In ulcerative colitis, as in non-
colitic carcinomas, the likelihood of carcinoma increases with the severity of dysplasia, but
some colitic cancers arise from mucosa showing surprisingly little dysplasia, although there

is no real doubt that it is neoplastic mucosa. It is because carcinomas can occur in ulcerative
colitis when relatively early neoplastic dysplasia is found that the presence of the latter on
biopsy should lead to consideration of prophylactic surgery.

XII. The Relationship Between the Macroscopic Types of Dysplasia

It has been indicated above that in a resection specimen for carcinoma in colitis, a variety
of microscopic forms of dysplasia may occur, but that the adenomatous type invariably
produced carcinomas from a villous or polypoid macroscopic type, while the other major
type of dysplasia (basal cell type) usually did so from a flat mucosa. The uncommon forms
of dysplasia described were so few that no generalization could be made.
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If the macroscopic (or low power) appearance of the dysplastic area actually giving rise to
the carcinoma is considered, “flat™ is very closely related to basal cell dysplasia, while “poly-
poid” and “villous” are closely related to adenomatous dysplasia. These are separated be-
cause the possible origin of the former from inflammatory polyps may indicate a different
pathogenesis. Using these parameters, the different major types of premalignant change

can be compared. A total of 99 carcinomas in 79 patients were available from a variety

of sources (resection material, autopsy, referred patients, slides for opinion) in which it

was possible to compare the types of dysplasia.

1. Relationship Between Macroscopic Type of Dysplasia and Multiple Carcinomas

The flat and villous type of mucosa have a similar propensity for producing multiple car-
cinomas (average 1.3/patient). In only 1/15 patients with a polypoid lesion were multiple
carcinomas present.

2. Relationship of Type of Dysplasia to Histologic Type of Carcinoma

Almost half of the carcinomas produced by flat mucosa are of small cell undifferentiated
or signet ring type while just over half of the carcinomas produced by villous mucosa are
of colloid type. This can be further related to local spread.

3. Relationship of Type of Dysplasia to Local Spread

This is shown in Table 3. The potential for the flat dysplasia to produce carcinomas with .
extensive local spread is apparent. Conversely, the more polypoid lesions have a much
greater proportion of cases where the carcinomas has not invaded through the muscularis
propria (Dukes’ A). The unexpectedly high proportion of Dukes’ A cases is as difficult to
explain as the apparent lack of patients with lymph node metastases.

Table 3. Relationship between type of dysplasia and local spread of
carcinoma (Original Dukes’ classification — C;: highest lymph node
uninvolved, C,: highest lymph node involved.)

Dukes’ classification: A B Cy Cy

Type of dysplasia

Flat 13 14 10 2
Villous 18 21 S 0
Polypoid 10 2 4 0

Total 41 37 19 2
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XIII. Relationship Between Length of History and the Precancer-Cancer
Sequence

All evidence presented in this section is necessarily circumstantial and based on evidence
from a large series of resections for ulcerative colitis and dysplasia both with and without
carcinoma.

The length of history was well documented in 56 patients only and the average length of
history from time of onset to the diagnosis of carcinoma in this group was 18.3 years.
These 56 patients could be further subdivided into 10 who at the time of operation were
considered to be inoperable (average length of history 22.5 years) and the remaining 46
with an average length of history of 17.7 years. The latter group could be further divided
because in 6 patients the carcinoma was found unexpectedly in the resection specimen.
The average length of history for this small group was 15.5 years, while that of the remain-
ing 40 was 18.0 years.

In a further 36 patients in whom a diagnosis of definite neoplastic dysplasia had been made,
but in whom no carcinoma could be found, the average length of history was 14.4 years.

A possible chronological sequence in this group of patients is an average 14.4 years to reach
neoplastic dysplasia, 15.5 years for early invasion to occur, 18.0 years for clinical detection
and 22.5 years for an inoperable tumour to be present. From this it appears that the actual
evolution of colitic carcinomas is surprisingly slow although it should be remembered that
while most of the patients with occult carcinomas have early lesions that have not yet metas-
tasised, many patients in the operable group will die of their tumour. This implies that the
actual process of metastasising occurs over a relatively short period in the evolution of these
tumours. The interval between dysplasia without carcinoma and dysplasia with carcinoma
appears very short, and this may well correlate with the high incidence of unexpected car-
cinomas in those patients undergoing proctocolectomy because of dysplasia on biopsy.

An objection is that the vast majority of patients in the group with dysplasia only have
severe dysplasia because the entire concept is relatively new and lesser grades of dysplasia
will not result in proctocolectomy.

A further group of patients was, therefore, examined in whom early but definite neoplastic
transformation was present on biopsy who had not undergone surgery (8 patients). These
had a mean length of history of 13.1 years. This was compared with a further group of pa-
tients showing marked epithelial hyperplasia in whom a positive diagnosis of neoplastic
transformation could not be made. The average length of history of this group was 12.1
years. Nevertheless, because of the relatively short time that regular rectal biopsies have
become part of the routine management of longstanding colitis in the more specialised
centres, coupled with the relative rarity of colitic cancers, only exceptionally is there an
opportunity to observe the entire sequence of changes in a single patient. To date, only
one patient has been observed to go trough the entire sequence from epithelial hyper-
plasia to an occult carcinoma. Until more data can be gathered to justify the existence of
this spectrum of changes, it must remain largely speculative.
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XIV. Misplaced Epithelium in Ulcerative Colitis

Misplaced epithelium is a well recognized feature of longstanding ulcerative colitis and may
be seen as a localized form or as a more diffuse type when it is sometimes called generalized
colitis cystica profunda. Characteristically, these form small mucin pools in the submucosa,
are lined by normal epithelium, and these connect with the surface mucosa. Its pathogen-
esis is uncertain but probably arises as a result of deep submucosal ulceration when these
are re-epithelialised. Occasionally this condition is misdiagnosed as carcinoma purely be-
cause of the presence of mucus cysts in the submucosa. In patients with a dysplastic mu-
cosa, however, a more difficult situation is encountered because the overlying epithelium,
being dysplastic, will re-epithelialize the same deep ulcers with dysplastic epithelium. The
resulting colitis cystica profunda is then dysplastic and the distinction between an early
invasive mucous secreting adenocarcinoma becomes very difficult (Figs. 26 and 27).In a
personal study, 20 of the 55 patients with carcinoma undergoing total proctocolectomy
had evidence of this condition.

Fig. 26. Misplaced epithelium in longstanding ulcerative colitis. The distinction from early invasive
adenocarcinoma when the glands are dysplastic can be difficult. (H & E x 48)

In 1945, Dukes drew attention to this as an important feature in the genesis of carcinoma
in ulcerative colitis, while Morson and Pang (1967) concluded that it was sometimes impos-
sible to decide whether the epithelium is just misplaced as a result of chronic inflammation
or is really the early stage of invasive carcinoma. Dyson (1975) concluded that both mis-
placed epithelium and carcinoma were features of chronic ulcerative colitis but were other-
wise unrelated. The major difficulties here are: a) whether misplaced glands by themselves
are more prone to become carcinomatous and, b) whether it is possible to distinguish be-
tween an early well-differentiated carcinoma and misplaced glands lined by dysplastic mu-
cosa because the overlying epithelium is also dysplastic which is the result of an episode

of acute inflammation rather than true invasion.
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In summary then there remains no easy way of distinguishing between dysplastic mis-
placed crypts in the submucosa and early invasive mucus secreting carcinoma. The lack
of severe dysplasia in many of these lesions is no real criteria because many of the carci-
nomas arising in ulcerative colitis also frequently show surprisingly little dysplasia.

Fig. 27. Misplaced epithelium or early adenocarcinoma. The “misplaced” glands here are found in a sub-
mucosal lymphoid aggregate. (H & E x 30)

XV. The Extent of Dysplasia in the Rectum

This is important because if rectal biopsy is to be used to indicate which patients in the
clinical high risk group are particularly prone to develop carcinoma, it is essential to know
how often and to what extent the rectum becomes involved by dysplasia. To answer this
question, a study was carried out on rectal mucosa from 41 patients with ulcerative colitis
in whom proctocolectomy had been carried out for carcinoma. 26 of these had rectal and
15 had colon carcinoma. A further 22 patients had dysplasia in the large bowel but no car-
cinoma. These are perhaps the most important group of patients because if dysplasia in
widespread and involves the rectum it is this group that should be detected and offered
prophylactic surgery before carcinoma supervenes.



214

The slides of rectal mucosa were examined using an eyepiece micrometer so that the actual
percentage of dysplasia could be estimated in each. In many patients, “swiss roll” sections"
had been taken allowing the examination of long strips of mucosa. The results are shown

in Tables 4a and b. The major criticism of this approach is that the pathologist will obvious-
ly have selected his material from areas that look atypical. While this is valid, it is equally
apparent that any clinician carrying out sigmoidoscopy would also biopsy an area that ap-
peared abnormal. The pathologist might be in a better position to see any abnormality
present.

Table 4a. Overall proportion of rectal mucosa affected by dysplasia and carcinoma

No. of Avg. No.

patients slides % Dysplasia - % Carcinoma
Rectal carcinoma 26 5.2 54 23
Colon carcinoma 15 2.2 69 0
Dysplasia only 22 3.1 59 0

Table 4b. Proportion of rectal mucosa affected by neoplastic transformation in 63 patients with
dysplasia or carcinoma

None 1-25%  26-50% 51-75% 76-99% All  Total

Rectal carcinoma 0 4 7 9 4 2 26
Colon carcinoma 2 0 2 4 1 6 15
Dysplasia only 1 4 2 7 5 3 22

From this it is clear that while rectal dysplasia may involve the entire rectal mucosa, this

is not usually the case, and even when a rectal carcinoma is present dysplasia in the residual
mucosa may be focal or just around the tumour. It is also apparent that in those patients
with a colon carcinoma or just dysplasia, there may be no evidence of rectal dysplasia in

a small minority.

XVI. The Place of Biopsy in the Management of the High Risk Clinical Group
1. Rectal Biopsy

It has been stated above that approximately 40% of all colitic cancers occur in the rectum.
Regular sigmoidoscopy should be able to detect virtually all of these at an early stage purely
by observation. It is likely that if regular rectal biopsy is routinely added to this protocol
then dysplasia could be detected in a pre-infiltrative stage. However, the purposes and limi-
tation of rectal biopsy must be recognised, and in some instances further measures can be
taken to minimise the disadvantages.

The objectives of rectal biopsy are, therefore:
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1. To aid in the detection of the 40% of colitic cancers that will occur in the rectum.

2. To raise the index of suspicion of a proximal carcinoma or of proximal dysplasia by
finding rectal dysplasia.

The limitation of rectal biopsy is basically that of the focal nature of rectal dysplasia. This

is marginally less important in the case of rectal tumours as these should be detectable macro-
scopically at an early stage of their development even if a focal area of flat dysplasia remains
undetected. However, it is rather more serious when rectal biopsy is used as an index of
proximal carcinoma or dysplasia because a small focus of rectal dysplasia may be the only
index of more severe proximal dysplasia or carcinoma and it is essential that every oppor-
tunity of detecting this is taken. In practice, this means that the sampling error must be
reduced. This can be achieved by one of two methods:

1. Multiple biopsies can be taken at each sigmoidoscopy.
2. The biopsy sites can be deliberately varied.

3. A combination of these: both multiple biopsies and deliberate variation of the biopsy
sites at subsequent visits.

Taking multiple biopsies will obviously reduce sampling error but the advantages to be
gained from the accurate documentation of their sites of origin are several. If a suspicious
or positive biopsy is obtained and the site of origin is known, it is easy to return to that
precise area and take multiple biopsies at a subsequent visit. However, if all biopsies are
negative, a further set of biopsies can be deliberately taken from sites other than those
already biopsied and this will again reduce sampling error.

Using the technique of multiple rectal biopsies, it should be possible to detect all patients
at risk from developing rectal cancer and, using Table 4b, approximately 87% (13/15) of
patients with proximal carcinoma. This means that if all patients developing carcinoma in
colitis are considered, multiple rectal biopsies could show evidence of dysplasia in 92%.

2. The Management of a Positive Rectal Biopsy

The detection of dysplasia on rectal biopsy should lead to serious consideration of procto-
colectomy, but before a definite decision is made it is worth considering several other points.
It should be remembered that the object of prophylactic surgery is to prolong the expected
life span for the patient; this cannot be justified if in the short term the patient is likely to
succumb to the operation itself or from a coexisting condition. If the health of the patient

is good it can be difficult to justify proctocolectomy to the patient, particularly if symptom-
less, on the grounds of a single biopsy. For this reason it may be valuable to repeat the rectal
biopsies, particularly if the site of the positive biopsy is known, because further more severe
dysplasia may be encountered. Second, colonoscopy with multiple biopsies should be con-
sidered, for the patient may be one of the small group whose most marked dysplasia is prox-
imal to the rectum. Furthermore, a small unsuspected carcinoma may be found and colon-
oscopy may, therefore, be useful in this respect.

If all of these investigations prove negative, management can be more difficult; however, as a
working principle once a patient with ulcerative colitis has demonstrated the potential to pro-
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duce aneoplastic lesion, that patient must be at increased risk from developing a carcinoma and
should, therefore, be considered for proctocolectomy, On occasions, this is made even more:
difficult by the patient developing an adenoma. Theoretically, this could be treated solely

by local excision. Provided there is no other evidence of dysplasia, local excision should be
curative and the patient returns to his former dysplasia-free status. This problem is magni-

fied if it occurs in a slightly older individual in the 5th or 6th decade, because it could al-

ways be argued that the adenoma might have arisen independantly of the colitis. Under these
circumstances, it is feasible to treat the adenoma by local lesion, but the fact that the patient
has produced an adenoma increases the risk that further neoplastic lesions will develop.

Sometimes dysplasia may be limited to one section of large bowel, for example, just the
rectum, or just part of the colon. Under these circumstances, the temptation to limit re-
section to the affected bowel should be resisted. Patients undergoing local resection for
carcinoma in ulcerative colitis are very likely to already have, or to develop, a further carci-
noma in the residual colon (Hulton et al., 1971).

XVII. The Place of Colonoscopy

Table 4b shows that a small minority of patients in the high risk clinical group will develop
proximal dysplasia and carcinoma in the absence of rectal dysplasia. Colonoscopy is at
present the only method that is capable of visualising the whole colon and taking biopsies
from all parts. It also has other advantages worthy of mention, and the place of colonoscopy
in the management of a positive rectal biopsy has been discussed. It has a more subtle value
in that some patients exhibit more severe dysplasia in the colon than the rectum. In this
group of patients, colonoscopy and multiple biopsies are valuable in detecting the proximal
dysplasia at an earlier stage than if rectal biopsy alone was used as an index of proximal
malignancy. A further use for colonoscopy is in the actual definition of the high risk clin-
ical group, or more precisely the accuracy of the extent of disease. There is no difficulty

in patients in whom the disease is total radiologically, or in those in whom the upper limit
of disease can be seen clearly sigmoidoscopically. However, in the intermediate group there
will be some patients with left-sided disease radiologically who on colonoscopy or with mul-
tiple biopsies will be shown to have total colitis, and these patients should almost certainly
be included in the high risk clinical group.

Finally, colonoscopy can be of value in patients in whom a stricture is present radiological-
ly which is not causing symptoms. Multiple biopsies with or without cytology, especially if
these can be obtained from within the stricture, can be of great value. If these show only
the changes of longstanding colitis without dysplasia, it is reasonable to assume that the
stricture is fibromuscular and not neoplastic, and in the absence of symptoms does not re-
quire further treatment. Positive biopsies or cytology, should lead to consideration for
proctocolectomy.

Conclusion

An attempt has been made to put in perspective the reasons why clinicians have such diffi-
culty in managing patients with ulcerative colitis who statistically are at greatest risk of
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developing carcinoma. The concept of a premalignant phase has been presented and its
macroscopic and microscopic features discussed, together with the special relationship
between inflammation and dysplasia. The value of using these criteria on both rectal and
colonoscopic biopsies are described along with their limitations and methods to reduce
these to a minimum.

The great difficulty that the practicing pathologist will experience is the relative rarity with
which these changes will be encountered in biopsies in view of the relative rarity of colitic
cancers at any single institution. However, there are several methods that the pathologist
can use to familiarise himself with these changes:

First, he can familiarise himself with the changes described by examining material in his
files from patients with carcinoma complicating ulcerative colitis, and should he receive
such a specimen by paying particular attention to the mucosa as well as the tumour. Most
of these specimens contain a vast range of changes, and it is only by making the best use
of these that the more subtle changes will become apparent.

Second, the pathologist must remain familiar with the wide spectrum of features that are
seen in ulcerative colitis. To this end the clinician can again be of value by providing regular
biopsies from his colitic patients. It is virtually impossible for a pathologist to diagnose dys-
plasia unless absolutely obvious if he receives only a few rectal biopsies annually. Finally,
the importance of having a slide containing well-oriented mucosa cannot be overemphasised.
This is easily accomplished with rectal biopsies by treating them in a similar fashion to
jejunal biopsies.
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PART 1 THE NORMAL CELLS
I. Introduction

No-one, even as recently as 15 years ago, would have thought of the gut as the major endo-
crine organ which we now recognise it to be. The discovery and identification of a number
of individual endocrine cell types each apparently secreting its own specific hormone, has
been one of the most exciting aspects of gastro-intestinal pathology in the last decade. In
this review I propose briefly to describe the historical development of the endocrine cell
concept of the human gut, to discuss in more detail the techniques available for the recog-
nition of normal endocrine cells in gut and pancreas and finally to relate these and other
techniques and findings to our knowledge of the tumours which arise from them. The liter-
ature is now vast, and I propose to cite principally key papers of cardinal importance or
adequate recent reviews wherein a more exhaustive literature can be found. The subject

is advancing daily and it is likely that some statements made here will be superseded by
the date of publication.

II. Historical Review

The recognition of individual mucosal cells in the small intestine and appendix which dif-
fered from absorptive cells (enterocytes), goblet and Paneth cells is usually attributed to
Kultschitsky. These cells possess predominantly infranuclear acidophilic cytoplasmic gran-
ules about 300 mu in diameter, difficult to see in conventionally stained material and are
still often eponymously referred to as Kultschitsky cells (see a good review by Clara, 1957).
Masson (1914) recognised them as an endocrine type of cell and described in them a prop-
erty, which has caused much confusion since, namely that after formaldehyde fixation many
cells contained granules which would reduce neutral or alkaline silver solutions to metallic
silver, a reaction which is usually called argentaffin. Argentaffin granules are also coloured
brown by dichromate-formol mixtures and the cells have been alternatively called entero-
chromaffin. Chemical and early histochemical studies, combined with biochemical studies
made to identify the reducing substance eventually determined it as 5-hydroxytryptamine
(serotonin, enteramine) (Erspamer and Asero, 1952) which combines with formaldehyde

to give a f-carboline (Barter and Pearse, 1955) which is actively reducing, fluorescent, will
also couple with diazotates to produce coloured azo dyes (Lillie, 1961a, b, c) and, of course,
take part in other reducing reactions such as Schmorl’s ferric ferricyanide reaction. It was,
perhaps, unfortunate that this particular cell within the endocrine family which secretes
primarily an amine rather than a polypeptide hormone was the first to be discovered, since
it concentrated investigation on the amine rather than the possible polypeptide nature of
the granule component in endocrine cells.

Other studies using silver solutions with added reducing agents (so called argyrophil reac-
tions) showed that a larger family of histologically similar cells contained granules which
were argyrophil but not argentaffin and that the distribution of both types of cell was wider
than had been first thought, extending from the stomach to the anus. The unsatisfactory
terminology of silver staining reactions — argentaffin, argyrophil and ever argentophil —

and the need for standardisation of silver techniques was not generally appreciated, and
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the hypothesis that argyrophil cells were precursors of argentaffin cells rather than being
secretory cells in their own right was generally accepted. (See a comprehensive review of

the earlier histochemical studies by Dawson, 1970). The stage was thus set for a cataclysm

of new observations and research.

Paradoxically, the recognition of a family of endocrine cells in the normal gut other than

those which contain SHT began by their recognition in foregut derivatives not directly
part of the alimentary tract, namely the bronchi, thyroid and pancreas. In the thyroid,
cells containing argyrophil granules first described by Nonides (1931-2) — in the dog —
were firmly linked with calcitonin secretion and labeled “C” cells (Foster et al., 1964;
Pearse, 1966, 1968). In the pancreatic islets histologically similar cells were found to
contain granules of at least three different types (Brolin et al., 1964; Epple, 1967; Like
and Orci, 1972), separable on histochemical, ultrastructural and immunological grounds
(Table 1). There has been little difficulty in linking A2 (a2 cells) with glucagon and B
cells with insulin secretion, but the identification of A1 (al), alternatively called D cells

Table 1. Histochemical features of normal endocrine cells

SHT Argyrophila Metachrom-| Others
asia
5 8
5 = 2 § %5
Cell Type | Secretion | | = 2 S - 5 32 2335 E 2 3
S - = s = 2 o) E 2" g 8 >
§ 9| 8 g8 S|gf g wE 8% &< 38
S5+ EFSI5EB|§SSEE S 8z
<Al 0 A0 mn |0OFr < |- al X d<
Pancreas
A, Glucagon - - 7 — + + 4+ | £ + + + + + o+ —
B Insulin - - - - - — - |- = = = = = = = =+ +
D(Ay) | ? Gastrin — -]+ 4+ + + + |+ + + |+ + + £ + -
? Secretin
GI Tract
EC SHT + + + o+ + + o+ + 0 0 0 0 0O O
EG Entero- - -+ + + + + £ + 0 0 0
glucagon
G Gastrin - — | 7%7+2% 0 - |- + i1+ 0 0 £ 0 00O
S Secretin - - + 0 £ 0010 0 0 |+ + 0 0 0 0O0 O
vIP VIP - - 0 00010 0 0 | 0 0 O0O0 00O
GIP GIP - - 0 + 0010 0 O [+ 0 0 O0 O OO O

Notes: This table is compiled from a number of authors, all of whom are quoted in the text. Many
have used different fixatives which tends to render at least some of the argyrophil techniques poten-
tially non-comparable. The columns “general” are used to include papers where techniques are not
precisely stated.

Key to Table: + = Positive staining; = Doubtful or faint staining; — = No staining; 0 = No reliable
observations available; ? = Disagreement between workers as to whether staining is present or not.
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with gastrin secretion is, though probable, less absolute. Concurrently a large number of
histochemical, fluorescent, immunologic and ultramicroscopic techniques were developed
for identifying and separating granules in apparently similar cells (see Dawson, 1970), and
these were applied to the gastro-intestinal tract and bronchial epithelium as well as to pan-
creas and other endocrine organs. The concept now became one not of a single cell with a
precursor which produced a single substance, SHT, but of a family of histologically similar
cells containing secretory granules within their cytoplasm capable of secreting a wide range
of substances, each probably normally specific for a single cell. Pearse (1968, 1969) crys-
tallised this concept by coining the term APUD (Amine Precursor Uptake and Decarboxyla-
tion) for the family, believing that all had the ability to synthesise or store biogenic amines,
but the term has proved unsuitable since many of the cells cannot be shown to decarboxylate
a demonstrable amine precursor while all but one, and possibly all secrete short chain poly-
peptide hormones; the more non-committal term “endocrine cell” is therefore preferable.

III. The Origin and Structure of Endocrine Cells

It is to be expected that cells within a common family will have a common ancestor, prob-
ably the neuroepithelial cell as suggested by Pearse (1969) and Weichert (1970). Working

on mouse tissue injected with L-dopa and formaldehyde vapour fixed, Pearse and Polak
(1971) also suggested that endocrine cells migrate from the neural crest, and later studies
(Gammill and Weichert, 1973), have supported this suggestion, though it cannot be regarded
yet as completely proven; it would certainly explain the widespread distribution of endo-
crine cells and the potential dual functions of polypeptide hormone secretion and amine
precursor decarboxylation which are not otherwise obviously related to one another, and

it would be practicable to postulate that multiglandular endocrine syndromes arose as a
primary disturbance of neural ectoderm. There is a good recent review of the concept by
Bolande (1974).

All cells within the family are broadly similar histologically. They tend to be triangular or
pear shaped with their broad base lying on the basement membrane and their granules pre-
dominantly though not exclusively infranuclear. The apex of many reaches the lumen of
gastric or intestinal glands and pancreas and is covered by modified microvilli. Ultrastruc-
turally, with the exception of SHT containing cells there is a conspicuous rough endoplasmic
reticulum and Golgi apparatus presumably linked with the synthesis and packaging of the
secretion product (Toner, 1964; Forssmann et al., 1969). Free ribosomes and mitochondria
are numerous, and probably most if not all contain decarboxylases (Aures and Hakanson,
1968; Pearse, 1968) and non-specific and E-600 resistant esterases (Carvalheira et al., 1968).
Individual cells have storage granules surrounded by a lipoprotein envelope and these vary

in size, shape, electron density and the presence or absence of a “halo” between the core

and the bounding membrane according to the product stored within them. There is evidence
that large precursor molecules are synthesised in rough endoplasmic reticulum and transported
to the Golgi apparatus where they are converted into smaller molecules and become enclosed
within envelopes, prior to transport to the cell surface for release (Lacy, 1972; Hammar and
Sale, 1975). This pattern of synthesis and packaging may explain the presence of large mol-
ecules such as “big” or “‘big-big” gastrin in certain gastrinomas in addition to the normal
trideca- and heptadecapeptide forms.
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SHT secreting cells have rather poorly developed rough endoplasmic reticulum and Golgi
apparatus and are less rich in esterases; they are recognised by their amine content which,
when reacted with aldehyde produces a reducing substance, which is also fluorescent; it is
possible to recognise the presence of different biological amines, including histamine, adre-
nalin and nor-adrenalin by the use of freeze drying-vapour fixation techniques with differ-
ent aldehyde or acid vapours and the subsequent measurement of fluorescent emission spec-
tra (Corrodi and Jonsson, 1967; Hakanson et al., 1970; Ewen and Rost, 1972). They prob-
ably also secrete a polypeptide hormone of kinin type but this has not as yet been positive-
ly identified.

IV. The Polypeptide Hormones Present in Gastro-Intestinal Tract and
Pancreas and their Distribution

The following hormones have now been identified in granules of endocrine cells in the
gastro-intestinal tract; gastrin, enteroglucagon, secretin, motilin, vasoactive intestinal pep-
tide (VIP), cholecystokinin-pancreozymin (CCK-PZ), gastro-inhibitory peptide (GIP) and
possibly a growth hormone release-inhibiting factor. In the granules of islet cells in the pan-
creas insulin, pancreatic glucagon, probably gastrin and possibly secretin are also found.
SHT is present throughout the gastro-intestinal tract and probably also in pancreatic ducts.
Brief details of the more recently identified hormones are appended; there is a good recent
review by Grossman et al. (1974).

Gastrin exists in a number of forms, usually referred to by the number of amino acids in
the polypeptide chain prefixed by the letter G. The classical form, G17 (“little” gastrin)
was described in detail by Gregory et al. (1964) and synthesised by Anderson et al. (1964).
Other forms are G34 (“‘big” gastrin), which contains the complete amino acid sequence of
G17 gastrin linked to a sequence of 17 amino acids through the carboxyl of a basic amino
acid, and a still larger “big big” gastrin, with an as yet undetermined number of amino acids
in its sequence (Yalow and Berson, 1972; Yalow and Wu, 1973). There are also units smaller
than G17 (Rehfeld, 1972; Gregory and Tracy, 1974) which appear to be G13 “little little”
or minigastrins and to correspond to the 5-17 amino acid component of G17. Gastrin se-
creting cells are found in the midzone of the antral region of the stomach and in the crypts
and basal glands of the duodenum and upper jejunum in decreasing numbers. The two nor-
mally secreted components are G17 and G34. G17 forms about 80% of the antral gastrin,
about 50% of the duodenal gastrin and little of any jejunal gastrin formed, whereas G34
forms less than 20% of antral gastrin, about 50% of duodenal gastrin and probably nearly
all of the jejunal gastrin (Bloom, 1974; Berson and Yalow, 1971). The larger and mini forms
have been found in association with gastrinomas in the Zollinger-Ellison syndrome. G34 is
approximately equally potent mole for mole with G17, but has a longer half life in the
circulation and a longer duration of action (Walsh and Grossman, 1973). There seems fair-
ly reliable evidence (McGuigan, 1973) that as one descends the gastro-intestinal tract from
stomach through duodenum to upper jejunum there is a switchover from “little” to “big”
gastrin secretion. Gastrin stimulates the secretion of hydrochloric acid and raised levels

are found after meals, in old age, in patients with atrophic gastritis or pernicious anaemia
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(Polak et al., 1971a), after vagotomy and in the Zollinger-Ellison syndrome. Some authors
claim that gastritis affecting the antral region may reduce the functional G cell mass (Kor-
mann, Strickland and Hansky, 1972).

Enteroglucagon shows immunological cross reactivity with pancreatic glucagon but has
differing hormonal properties; it is found in dogs in the middle and deeper gland zones of
the jejunum and ileum and in the fundus of the stomach (Polak et al., 1971b) and its re-
lease is stimulated by glucose or long chain triglycerides (Unger et al., 1968; Bottger, Fa-
loona and Unger, 1972); its action seems to be to reduce bowel motility, perhaps to allow
greater time for digestion (Bloom, 1972; Gleeson et al., 1971). There appear to be at least
two forms of the hormone of differing molecular weight (Valverde et al., 1968) but its
amino acid sequence is not yet known. Makhlouf (1974) doubts if it exists separately and
links it with GIP and perhaps VIP, considering that it has a structure which can react with
pancreatic glucagon antisera. There is a good recent review by Whalen (1974).

Secretin: The structure of secretin which has 27 amino acid residues has been known since
1961 (Jorpes and Mutt, 1961) and it was synthesised in 1964 (Bodansky, Ondetti and Levine,
1966). Its amino acid sequence bears a close similarity to that of pancreatic glucagon, entero-
glucagon, gastroinhibitory polypeptide and vasoactive intestinal peptide (Bodansky, Klausner
and Said, 1973), which is borne out by some overlap in their respective functions, though
apart from pancreatic glucagon and enteroglucagon they are immunologically distinct, and
suggests a cell of common ancestry (Hubel, 1972; Bloom, 1974). Secretin is formed in cells
at bases of villi and in upper crypt of the duodenum and jejunum (Polak et al., 197 1c; Busso-
lati et al., 1971) and is secreted in response to the introduction of acid gastric juice into the
upper small intestine; it inhibits the secretion of gastrin, stimulates pyloric muscle, stimulates
pancreatic and biliary electrolyte secretion and augments CCK-PZ activity; it may also stim-
ulate pancreatic insulin release. It is thought by some to be the hormone responsible for the
watery diarrhoea (pancreatic cholera, Verner Morrison) syndrome.

Motilin is probably secreted by cells in the duodenum and jejunum in response to an alka-
line intestinal secretion and produces gastric contraction (Brown, 1967). Its amino acid
sequence (22 residues) is now determined (Brown, Cook and Dryburgh, 1972) and is of
interest in that it does not resemble that of other gastro-intestinal polypeptide hormones.

Vasoactive Intestinal Peptide (VIP): This polypeptide hormone was first discovered in 1970
(Said and Mutt, 1970a), purfied and its amino acid sequence established (Said and Mutt,
1970b). It has 28 residues and bears a close resemblance to glucagon and secretin (Bodansky
et al., 1973), and besides dilating small intestinal arterioles it raises blood glucose and stim-
ulates the exocrine pancreas to produce an alkaline juice. It may be the agent responsible
for the pancreatic cholera syndrome. It is located in the fundus of the stomach and in the
intestinal tract (Polak et al., 1974).

Cholecystokinin Pancreozymin (CCK-PZ): Colecystokinin pancreozymin has been recog-
nised for many years but its complete amino acid sequence which is linear and has 33 resi-
dues is still undetermined; however, its C terminal octapeptide has been synthesised (Rubin
et al., 1969) and appears to be as active biologically as the complete hormone. It produces
gall bladder contraction.
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Gastric Inhibitory Polypeptide (GIP): This hormone was first discovered as an “‘impurity”’
in cholecystokinin — pancreozymin preparation (Brown and Pederson, 1970) and its amino
acid sequence was described in the following year (Brown and Dryburgh, 1971). It has 43
residues and has close similarities to glucagon, secretin and VIP. It is located in the middle
zone of the glands of the duodenum and jejunum (Polak et al., 1973). It inhibits gastric
acid and pepsin secretion and also stimulates insulin release (Dupré et al., 1973).

Growth-hormone release-inhibiting factor: This has recently been described as a hormone
inhibiting membrane release of secretory granules (Polak et al., 1975) and is thought to be
located in pancreatic D cells and in the D cells found in the midzone of gastric and in in-
testinal glands; however the authors do not describe how the antiserum which they used
to identify it was produced and the identification of this factor must await further con-
firmation.

V. The Identification of Granular Contents

Endocrine cells can be separated from other intestinal mucosal cells by any technique which
will delineate granules as such; individual endocrine cells can be classified only by techniques
which distinguish between granules on a structural or functional basis (Dawson, 1970; Pearse
et al., 1970). All granules have an enclosing lipoprotein envelope within which is the granule
secretion which may be biological amine, short chain polypeptide hormone or both, with
various enzymes necessary for amine or peptide synthesis or release. The following techni-
cal groups are therefore likely to be of value and will be briefly discussed in turn.

1. Techniques specific for biological amines or their precursors.

2. Techniques for short chain polypeptide hormones

a) Specific immunological techniques using antisera raised against purified (usually
synthetic) hormonal antigens.

b) Semi-specific histochemical techniques which usually depend on detecting carboxyl
or other iosinable side chain or terminal reacting groups. These may be common to
a number of polypeptides but may also be a component feature. of the lipoprotein
envelope.

¢) Silver techniques: how, or with what, silver salts react is uncertain but variations in
fixation and technique will delineate different granules. The subject is confusing but
merits further study.

3. Electron microscopic studies of granule size, shape, appearance and electron density.
Granules differ considerably in these features at ultrastructural level and carefully stan-
dardised techniques allow some granule separation.

4. Combination of these, especially immunocytochemical and cytohistochemical tech-
niques.
1. Techniques for Biological Amines or their Precursors

Those endocrine cells in the gut whose granules contain SHT synthesise it by decarboxylat-
ing a precursor, 5-hydroxy tryptophan (SHTP). A useful screening test for granules poten-
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tially containing biological amines might therefore be to demonstrate the presence of a de-
carboxylase. This cannot yet be done histochemically but biochemical investigations suggest -
a specific L-histidine decarboxylase in some gastric endocrine cells and a less specific L-amino
acid decarboxylase, active on L-Dopa, SHTP and L-histidine, in the small intestinal cells (Aures
and Hakanson, 1968, see also the review by Dawson, 1970). Specific techniques for amines
depend on condensing the amine with specified aldehydes or acids. This produces a series of
compounds, different for each biological amine-aldehyde/acid condensate, which have the
property of absorbing ultraviolet or blue violet light and emitting light at particular longer
wave lengths. The combination of SHT with aldehydes is also reducing, and forms the basis
of the argentaffin and Schmorl reactions: the reducing compound also couples with diazonium
compounds to produce insoluble coloured azo dyes. Under usual working conditions the only
compound identified is the condensate of formaldehyde with SHT, since other biological
amines such as histamine, adrenalin, nor-adrenalin and dopamine diffuse rapidly in aqueous
fixatives and are lost. For their detection freeze drying of absolutely fresh tissue is necessary,
followed by vapour fixation in the appropriate aldehyde or acid, paraffin embedding and dry
section mounting and the subsequent use of spectrofluorimetry. There appears to be a con-
siderable future for this type of technique and Ewen and Rost (1972) have provided tables

of results to be expected. Particularly hopeful is the use of O-phthaldialdehyde for the de-
tection of histamine and there are special techniques including incubation of blocks in amine
precursor solutions to demonstrate those cells which have decarboxylating potential but do
not appear to store the amine in detectable amounts. Further details can be found in the
papers of Falck (1962), Falck, Hillarp, Thieme and Torp (1962), Corrodi and Jonsson (1967),
Bjorklund and Falck (1968), Hakanson et al. (1970), Dawson (1970). Although there is some
evidence that some cells may also secrete histamine, there is so far little practical evidence

to support the theoretical concept of Pearse that each cell within the family secretes both
amine and polypeptide hormone.

2. Techniques for Short Chain Polypeptide Hormones
a) Specific Immunological Techniques

The primary amino acid sequences are now known for a number of polypeptide hormones
including glucagon, gastrin, insulin, cholecystokinin-pancreozymin and others, and some
can be synthesised. The successful inoculation of animals (usually rabbits) with synthetic
or purified natural material results in the production of antibodies to the hormone which
can be purified and used in direct or indirect fluorescent or peroxidase techniques. Current-
ly studies are available in humans on the distribution of cells whose granules contain gastrin
(McGuigan, 1968; McGuigan and Greider, 1971; McGuigan, 1973), glucagon (pancreatic
and enteroglucagon) (Polak et al., 1971b), secretin (Polak et al., 1971c¢), motilin, vasoactive
intestinal polypeptide (VIP) (Polak et al., 1974), insulin (Lacy, 1972), cholecystokinin-pan-
creozymin and gastric inhibitory polypeptide (Polak et al., 1973). Some polypeptide hor-
mones, notably gastrin and enteroglucagon are apparently unaltered by formaldehyde fixa-
tion and the techniques can be performed on conventionally fixed and embedded material
while others, e.g. secretin, require special fixatives such as carbodi-imide to preserve anti-
genicity. Penetration of the antiserum into the cell cytoplasm and across the granular enve-
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lope does not appear to be a problem. The use of peroxidase techniques may allow hormonal
localisation at ultrastructural level (Robinson and Dawson, 1975).

b) Semi-Specific Histochemical Techniques

There are a variety of techniques, including those which use metachromatic and basophilic
cationic stains with or without acid hydrolysis (masked basophilia or metachromasia) (Solcia
and Sampietro, 1965a, b; Solcia et al., 1968; Pearse, 1969a, b), or metachromatic fluoro-
chromes (Bussolati et al., 1969). All of these techniques are in fact demonstrating anionic
amino acid side chains in the polypeptide under investigation; they given an indication of
the number and siting of these available to react, but do not indicate their nature in a manner
precise enough to infer the amino acid sequence of the polypeptide and hence its identifica-
tion. The anionic groups in unhydrolysed material are probably carboxyl, sulphate and phos-
phate; hydrolysis removes the basophilia due to reactive groups in nucleic acids or acid poly-
saccharides and may both unmask further side chain carboxyl groups and convert carbox-
amido groups to carboxyls. Pearse (1969a, b) believes that metachromatic techniques are

of most value in demonstrating secondary rather than primary protein structure. In summa-
ry, metachromatic techniques are of value in detecting the presence or absence of a poly-
peptide hormone, but are not necessarily specific for any one hormone and do not demon-
strate all polypeptide hormones. In my view they have a definite but limited value and will
probably be replaced by antibody techniques.

Lead haematoxylin is another semi-specific technique which is valuable as a screening agent:
it will stain granules in many endocrine cells, but its mode of action is not precisely known.

c) Silver Techniques

Silver techniques in which no reducing agent is added (argentaffin) demonstrate an aldehyde/
amine reducing complex and need no further discussion. There are a number of techniques
available which use silver salts under different conditions with an added reducing agent (ar-
gyrophil); it is claimed that different techniques will demonstrate different granules (Daven-
port, 1930; Bodian1936; Hellerstrom and Hellman, 1960; Sevier and Munger, 1965; Grime-
lius, 1964, 1968). The silver salts include silver proteinates, aqueous and alcoholic buffered
and unbuffered silver nitrate. It is assumed that the silver salt links with amino acid side
chains and is then reduced to metallic silver. There is no doubt that the fixative used has

a profound influence on the result, presumably by preserving or blocking reactive groups;
unfortunately formaldehyde is not the best fixative for many techniques, Bouin being in
general preferable.

We (Jones and Dawson, unpublished) are investigating the whole range of solutions under
varying conditions in normal human intestine in parallel with specific antibody studies. It
seems proper at the moment to consider argyrophil techniques along with metachromasia
as a useful screen for endocrine cell granules, though again some granules appear not to re-
act with silver salts, to appreciate that certain techniques may be specific or semi-specific
for certain polypeptide hormones, and to realise also that the lipoprotein envelopes of
granules may themselves contain non-specific reactive groups.
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3. Electron Microscopic Studies of Granules

Detailed electron microscopic studies of normal human and animal gastro-intestinal tract
and pancreas have revealed that different endocrine cells possess granules of widely differ-
ing size, shape and density. The precise details of granule types, which need detailed and
numerous photographs for their identification are outside the scope of this review, but an
international classification of cells was agreed at a meeting in Wiesbaden in 1969 (Solcia,
Forssmann and Pearse, 1970), and subsequently revised (Solciz et al., 1973), with a useful
list of references.

Other helpful papers are those of Kobayashi, Fujita and Sasagawa (1970) (human duodenal
endocrine cells); Greider, Bencosme and Lechago (1970), Like and Orci (1972), Pearse,
Polak and Heath (1973) (human and mouse pancreas).

4. Combined Studies Using more than one Technique

This type of study is clearly likely to yield valuable results but presents the serious practi-
cal difficulty that one or more serial sections are likely to be necessary for each technique
so that the same cell cannot be studied in more than one way. There are also problems in
processing material which can be used for light and electron microscopic studies. These can
be in-part circumvented by the use of immunohistochemical techniques at electron micro-
scope level which allows simultaneous observation of granule appearance with positive iden-
tification by a specific antiserum (McGuigan and Greider, 1973), by the use of semithin-
thin sections (Polak, Pearse and Heath, 1975) or by the use of immune fluorescein labeled
sera, photography and subsequent restaining using a histochemical technique.

VI. Summary

For the screening of gastro-intestinal material for the presence of endocrine cells of any
type on formaldehyde fixed material I would use the lead haematoxylin and Grimelius
(1968) silver techniques with perhaps a metachromatic technique; for absolute identifica-
tion of SHT containing cells I would use aldehyde-induced fluorescence and either a diazo
or a silver reducing technique such as that of Singh (1964), while for absolute identification
of polypeptide I would use specific antisera after appropriate fixation when available as a
first choice, electron microscopy of granule appearances as a second choice and a combina-
tion of silver and metachromatic techniques as a third. There is room for careful compara-
tive studies of these 3 types of technique on freshly obtained tumour material and on nor-
mal human gut, and such studies should always be linked with serum radioimmunoassay
of any tumour material available.
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PART 2 TUMOURS AND HYPERPLASIAS OF ENDOCRINE CELLS

Hyperplasias and benign or malignant tumours of virtually every known type of endocrine
cell have now-been described or postulated. It is practicable to classify them in terms of
clinical behaviour, e.g. the presence of multiple peptic ulcers or a water diarrhoea syndrome;
by the nature of their secretion as measured by radioimmunoassay of serum or analysis of
tumour material (Berson and Yalow, 1972; Bloom, 1974); by their site of origin; by their
structural histological pattern and histochemical reactions; and by the ultrastructure and
immunochemistry of their contained granules. In practice as many of these aspects as pos-
sible need to be considered in every case, for the difficulties are formidable. Some neoplasms,
especially those which are malignant, may contain few or no storage granules. Neoplasms
with a similar function often have differing histological patterns, while those with similar
patterns either have differing functions or no recognisable function at all; a number appear
to secrete more than one hormone either simultaneously or sequentially. This section of

the review seeks to explore how far tumour site, structure, ultrastructure, immunochem-
istry, and function can be related.

I. Histological Patterns

While there are a large number of reports of “carcinoid” tumours in the literature, many of
which describe different histological patterns or variations in pattern, surprisingly few authors
have set out to analyse and correlate tumours from different regions of the gastro-intestinal
tract in terms of site, histological appearance and function (Soga and Tazawa, 1971; Martin
and Potet, 1974; Jones and Dawson, in preparation). When this is done interesting facts are
observed and the description which follows is based on the papers cited and on our own
observations on patients with different forms of endocrine tumour.

Soga and Tazawa (1971) in an analysis of 62 cases recognised four basic patterns, which
they classified as-A — D and which Martin and Potet (1974) accept, but call types I —IV.
Type A is the basic pattern which pathologists associate with appendiceal and ileal “carci-
noids”. In this there are solid nests of cells which when at the tumour edge often have a
well developed peripheral rim of cells not unlike the basal cell layer of epidermis, but when
central often lack the peripheral cell border (Figs. 1a and b). These tumours often incite a
stromal desmoplastic reaction which may compress the nests into cords and trabeculae of
cells (Figs. 1c and d). In our material the cell nests often appear to have a central vascular
core producing a rosette appearance (Fig. 2) which is described also for type III tumours.

This pattern is commonly associated with SHT production and the histochemical reactions
and electron microscopic granule patterns to be expected of SHT secreting cells; that is,
positive argentaffin and diazo reactions, aldehyde induced fluorescence, and characteris-
tically shaped basally situated, non-spherical, angulated, electron dense granules without
haloes on e.m. examination. There is a recently recognised variant on this theme (Klein,
1974; Subbuswamy et al., 1974) of which we have seen examples in the appendix and duo-
denum. In this there is a differentiation of the solid nests towards a regular glandular mucus-
secreting pattern, which is usually partial but may be complete so that part or all of the
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Fig. 1a. Type A (“carcinoid”) tumour of ileum. Some nests of cells have a well developed peripheral

rim (arrowed) while others either lack this feature or show it only in parts. Haematoxylin and eosin X 135.
Fig. 1b. Type A (“carcinoid”’) tumour of appendix. These solid nests of cells from the centre of the
tumour do not have the peripheral rim of basal cell pattern cells. Haematoxylin and eosin X 335.
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Fig. 1c. Type A (“carcinoid’) tumour of ileum. Some desmoplastic reaction is present distorting the
nests of cells. A so called “vascular core” is arrowed. Haematoxylin and eosin X 135.

Fig. 1d. Type A (‘“‘carcinoid”) tumour of appendix. More severe desmoplastic reaction compressing the
cell nests into columns of cells. Haematoxylin and eosin X 135
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Fig. 2. Type A (“carcinoid”) tumour of appendix to show a cell nest with a vascular core. Compare
with Figures 10a and b. Haematoxylin and eosin X 335

tumour appears to be composed of small acini and is in pattern indistinguishable from a
simple adenoma or well differentiated carcinoma (Fig. 3)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>