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Cancer Treatment and Research

Foreword

Where do you begin to look for a recent, authoritative article on the
diagnosis or management of a particular malignancy? The few general onco-
logy textbooks are generally out of date. Single papers in specialized journals
are informative but seldom comprehensive; these are more often preliminary
reports on a very limited number of patients. Certain general journals fre-
quently publish good indepth reviews of cancer topics, and published sympo-
sium lectures are often the best overviews available. Unfortunately, these
reviews and supplements appear sporadically, and the reader can never be
sure when a topic of special interest will be covered.

Cancer Treatment and Research is a series of authoritative volumes which
aim to meet this need. It is an attempt to establish a critical mass of oncology
literature covering virtually all oncology topics, revised frequently to keep the
coverage up to date, easily available on a single library shelf or by a single
personal subscription.

We have approached the problem in the following fashion. First, by divid-
ing the oncology literature into specific subdivisions such as lung cancer,
genitourinary cancer, pediatric oncology, etc. Second, by asking eminent
authorities in each of these areas to edit a volume on the specific topic on an
annual or biannual basis. Each topic and tumor type is covered in a volume
appearing frequently and predictably, discussing current diagnosis, staging,
markers, all forms of treatment modalities, basic biology, and more.

In Cancer Treatment and Research, we have an outstanding group of
editors, each having made a major commitment to bring to this new series
the very best literature in his or her field. Martinus Nijhoff Publishers has
made an equally major commitment to the rapid publication of high quality
books, and world-wide distribution.

Where can you go to find quickly a recent authoritative article on any
major oncology problem? We hope that Cancer Treatment and Research
provides an answer.

WiLLiaM L. McGUIRE
Series Editor



Preface

In this first volume of Gastrointestinal Cancer, the editors have deliberately
sought topics within the broad field that are characterized by recent advances,
development, importance and clinical utility. By intent, the subject matter
does not encompass the totality of gastrointestinal cancer. A future volume
will address additional areas.

We have selected a worldwide authorship who have made important con-
tributions to their respective areas. We have requested the authors to develop
a scholarly and well-referenced presentation of their subject. The authors have
responded in an outstanding manner. We believe that their contributions are
of great importance for a better understanding of the biology of gastrointesti-
nal neoplasia and that numerous contemporary principles for current diagno-
sis and management are well presented.

Our modern concepts of the relevance of cell kinetics in the genesis of
gastrointestinal neoplasia have been developed by Deschner and Salmon from
Memorial Sloan-Kettering Cancer Center in New York. The genetic aspects of
gastrointestinal cancer with its precursor states are thoroughly discussed by
McConnell from Liverpool, England. Bartholomew and Schutt from the Mayo
Clinic have presented our current understanding of the systemic expression of
gastrointestinal malignancy with a clear delineation of the various skin, joint
and chemical clues.

The extraordinarily high incidence of esophageal cancer in Iran provides the
data base for a thoughtful, well-referenced paper by Sorouri, formerly from
Teheran. The epidemiology of gastric cancer continues to yield clues as to its
etiology as outlined by Correa from New Orleans. Although decreasing in the
United States, gastric cancer continues to present a worldwide problem and
Kobayashi from Tokyo discusses the radiologic and endoscopic clues which
will result in early detection and more curable disease. The problem of gastric
stump cancer, of note particularly in European countries and occurring 15 or
20 years after gastric resection, is discussed by Dahm from Germany. The



X

role of bacteria and bile salts in the pathogenesis of large bowel cancer as
discussed by Hill from London is an example of metabolic epidemiology. His
chapter is followed by a detailed statement by Williams, also of London, on
the current role of colonoscopy in the diagnosis and management of large
bowel cancer and its precursors. Concepts have been changing regarding both
the diagnosis of cancer superimposed on ulcerative colitis as well as the
surveillance in patients with inflammatory bowel disease and this is well
outlined by Bayless and Yardley from Baltimore. Colacchio and LoGerfo
from New York describe the current role of carcinoembryonic antigens (CEA)
in the management of large bowel cancer and indicate its importance in
determining recurrence.

Weingrad and his colleagues from New York have analyzed a historic
experience with primary lymphomas of the gut, delineating diagnostic, prog-
nostic and management principles. Hormone-producing tumors of the gut,
which may be slow-growing but extensive in their clinical effects, are dis-
cussed in detail by Friesen and Petelin from Kansas City. Sun-Tsung-tang
and associates from China discusses hepatocellular carcinoma with its inter-
esting epidemiologic relationships, its immunologic marker and the potential
for cure when diagnosed early. Finally Neefe and Schein from Washington,
D.C. have reviewed in detail the current chemotherapeutic management of
gastrointestinal cancer emphasizing combination chemotherapy and multimo-
dality therapy with an optimistic note for the future.

We believe each chapter to be the definitive statement about the respective
topic. We hope the reader will share our enthusiasm.
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1. Cell Kinetics of Gastrointestinal Cancer and its
Precursor States

ELEANOR E. DESCHNER and REMY J. SALMON

1. INTRODUCTION

Normally there exists in the gastrointestinal mucosa an equilibrium
between cell renewal and cell loss through intraluminal exfoliation and cell
death. In precancerous and cancerous states, this fine balance or steady state
is disturbed. This condition may sometimes be recognized by an elevation in
the number of cells involved in DNA synthesis, a faster cell turnover time, or
an abnormal location of the proliferative compartment. An alteration in some
aspect of normal cell kinetics may reveal the presence of an abnormality even
before any microscopic pathology is visible. Certain aspects of cell prolifera-
tion can in some instances then be employed as an early marker for the
involvement of the mucosa in a disease state such as tumor formation.

Likewise, the effect of an imbalance in hormonal levels and its relationship
to the development of a disease state may be elucidated by an analysis of cell
proliferation. The stimulating effect of gastrin on parietal cell proliferation and
its inhibitory effect on DNA synthesis in the rat antral mucosa(l], for exam-
ple, is compatible with the increase in fundic mucosal height, increased fundic
mucosal area and diminished antral size observed in patients with Zollinger-
Ellison syndrome[2].

The purpose of this chapter will be to provide the reader with information
concerning cell proliferation in the gastrointestinal tract under both normal
and diseased conditions. One can fully appreciate that the accumulation of
data concerning the mucosa of man is far from complete and that much of
our background must be provided by animal studies. Over the last decade
there has been a surge in Kkinetic research along new pathways. Animal
models for the evaluation of all types of gastrointestinal neoplasia have been
established and it is now possible to grow, manipulate and observe tumors of
human origin in immunodeficient nude mice. /n vivo cellular kinetics at
different stages of tumor growth, following the effect of both chemothera-

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 1-26. All rights reserved.
Copyright © 1981 Martinus Nijhoff Publishers, The Hague/Boston/London.



2 E..E. DESCHNER and R.J. SALMON

peutic agents as well as substances which may modify or repress tumor
growth are all areas which should provide us with a better understanding of
carcinogenesis and therapy.

2. TECHNIQUES

Measurements of epithelial cell proliferation have been carried out using a
variety of techniques. Radioactive precursors of DNA such as tritiated thy-
midine have been employed and injected into patients with limited life
expectancy and biopsies taken at stated intervals over an extended interval,
i.e. 2-3 days. By following the wave of labeled mitoses which emerges, it has
been possible to obtain values for the duration of the various phases of the cell
cycle.

In patients other than those terminally ill, information concerning the
gastrointestinal mucosa has become available using in vitro procedures with
biopsy specimens incubated in nutrient media to which radionuclides such as
tritiated thymidine CHTdR) are added. This technique will provide one with a
labeling index (L.1.) or ratio of labeled cells to total cells which is a measure of
the proliferative activity of the tissue. In addition, it will clearly demonstrate
the location of the proliferative compartment.

An in vitro procedure termed the double label technique not only provides
the duration of S phase or the phase during which DNA is synthesized but
allows one to estimate the total cell cycle time. Different populations of
labeled epithelial cells are formed with the use of two doses of *HTdR a low
(/) and a high dose (h) or two types of labeled thymidine, i.e. *H and 'C,
separated by an interval of time (¢). A value for S phase (7;) can be
derived:

Knowing the S phase duration and having obtained the L.I. at 1 hour, the
total cell cycle time (7,) can be estimated:

L, % 100.
L.L

T, =

3. ESOPHAGUS

3.1. Histology and Kinetics in Normal Tissue
The esophageal mucosa is a stratified non-keratinizing squamous epithe-
lilum, which when it abruptly ends at the distal end is replaced by the
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Table 1. Proliferative parameters of epithelial cells in human and rodent stratified squamous
epithelium of the esophagus.

LIL M.L S phase Tc Ref.
(%) (%) (h) (days)
Man
in vivo: basal layer 8.7 0.69 [4]
entire mucosa 0.95 0.08 [4]
In vitro: basal layer 10.0 0.85 10.6 4.5 [7]
Rat 3.7 [3]
4.8-5.5 [6]
Mice basal cells 1.8 1.2 9.1 [5]

columnar epithelium of the cardia. Proliferating epithelial cells are located in
the basal layer of the squamous epithelium. Migration occurs progressively to
the lumen where cells become extruded from the surface of the mucosa.
Mitotic figures are seen only in the deep basal layer since these are the cells
synthesizing DNA. Repeated injections of tritiated thymidine (*HTdR)
demonstrate that all basal layer cells of the esophagus have proliferative
capability but they are scattered randomly[3]. The daughter cells emerging
from cell division may remain as basal cells, or one or both may migrate and
differentiate. Proliferation rates in man and in rodent are slow, i.e. one-third
as rapid as epithelial cells in other gastrointestinal epithelium of the same
species and lower in man than in rodent [3-7] (Table 1). Synthesis of DNA
occurred in vivo in 8.7% of basal epithelial cells[4] in the mature human
esophagus, while in vitro levels have been found to be slightly higher
(9.2-11.1%)[7]. An estimate for the turnover time of the tissue in man or the
average time elapsed for *HTdR labeled cells to migrate from the basal layer
to the lumen is between 4 and 8 days|[4, 7].

3.2. Kinetics in Diseased States

Approximately 70% of esophageal cancers are squamous carcinomas while
the remainder are adenocarcinomas occurring primarily in the distal one third.
Certainty regarding the nature of malignancy in the latter region may be
difficult since the cancer may have an esophageal or cardial origin. The
prognosis of this disease is poor, aggravated as it is by a constant nutritional
deficiency related to stenosis and dysphagia.

Few kinetic studies have been reported in esophageal carcinoma. However,
much interest has centered on two syndromes: Plummer-Vinson and Barrett’s
epithelium. Plummer-Vinson syndrome is associated with anemia, dysphagia,
hypochlorhydria, and iron and vitamin deficiency in females 40—45 years of
age. The histological findings feature a basal cell hyperplasia with nuclear
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hyperchromatism and severe inflammatory changes in the underlying muco-
sa. These are very similar to characteristics of /n situ carcinoma([8].

Barrett’s syndrome, which also may be a precancerous condition[9], is
believed to arise from reflux esophagitis. Biopsies show patchy heterotopia of
gastric epithelium with or without parietal and peptic secreting cells. This
heterotopia can undergo changes characterized as atrophic gastritis and even
display intestinal metaplasia[8]. Studies of epithelial cell kinetics undertaken
in vitro after incubation of biopsies with *HTdR demonstrated a two fold
increase in the L.I. in columnar type Barrett’s epithelium compared with the
esophageal squamous epithelium (23.3% vs 10.0%). S phase duration was
similar in both tissues (about 10 hours). Because of the lower L.I., the esti-
mated cell cycle time for epithelial cells in normal esophageal mucosa was 4.4
days whereas it was less than 2 days for cells in the columnar type esophageal
epithelium [7]. The most abnormat finding reported involved an expansion of
the proliferative zone to the surface, which was observed in two patients with
adenocarcinoma of the esophagus and one of nine without adenocarcino-
ma/[10].

The significance of this expanded zone in the development of esophageal
carcinoma requires further investigation, particularly in light of the response
of such patients to anti-reflux surgery [11]. Reversion of columnar epithelium
to squamous epithelium occurred following this procedure in four of ten
patients over a period of 1 to 2 years. Reflux either disappeared or was
severely diminished as measured by pH probe[11].

Epidemiologic findings emphasize the role of nutrition in the development
of esophageal cancer especially in combination with zinc deficiency and the
ingestion and/or endogenous formation of nitroso compounds[12,13]. Ani-
mal studies report an acute inhibition of DNA synthesis in esophageal epithe-
lial cells 4 hours after various N-nitroso compounds are injected[14]. The
responsiveness of the esophagus to low levels of some nitrosamines would
indicate both the ability of the tissue to activate or metabolize these substan-
ces as well as the sensitivity of this organ to carcinogenesis. Nutrient defi-
ciencies have been shown to contribute to the sensitivity of the esophagus to
cancer induction. For example, in rats, zinc deficiency increased the incidence
and shortened the lag time for the induction of esophageal tumors with the
nitrosamine, methylbenzylnitrosamine [12].

An additional factor in the incidence of esophageal cancer, at least in China
where it is one of the most common cancers, is the concurrent presence of a
fungal infection[15]. A hyperplastic epithelium, thicker and growing faster
than normal esophageal mucosa, was found in the resected esophagus of
patients with this early cancer and growing within this mucosa was the
fungus Candida. Kinetic analyses have as yet not been reported on this type
of tissue.
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4. STOMACH

4.1. Histology and Kinetics in Normal Tissue

There are three separate regions of the stomach, each of which is histolog-
ically distinct. As previously mentioned, the cardia with its stratified squa-
mous epithelium is lined completely with simple columnar mucous epithelial
cells. Those at the lower portion of the pits have as their special function the
renewal and replacement of cells and the population, as a whole, the secretion
of mucus.

The fundic portion is the largest and most complex area of the stomach
because it contains the greatest number of specialized cell types. These gastric
pits are lined with simple columnar mucous cells which extend downwards
for approximately one-third of the total length to the isthmus area or zone of
cell proliferation. Epithelial cells in this area are more cuboidal or low colum-
nar in shape. Mitotic figures occur predominantly in this region.

Specialized cell types such as parietal and argentaffin cells are seen pri-
marily below the isthmus or neck of the gastric pit. Here too the chief or
zymogen secreting cells predominate. Interspersed among these are a2t least
eleven different endocrine cells with their varied functions to synthesize, store
and secrete hormones. Some of those which have been successfully character-
ized are the A cells, which secrete enteroglucagon, the G or gastrin secreting
cells and the argentaffin cell secreting serotonin, histamine and possibly
motilin.

The gastric pit of the pyloric region is deeper than in the fundic region and
is lined with simple columnar epithelial cells similar to the mucous neck cell.
A few parietal acid secreting cells have been demonstrated in this region;
however, the major specialized cell type in the antrum is the G cell [16].
Moreover, the G cell population is statistically higher at the greater curvature
than at the lesser curvature.

The reported L.I. for gastric epithelial cells has varied from 4.27 to 15.2%;
however, the antrum has consistently been found to have the highest proli-
ferative activity. The turnover time for the gastric mucosa is estimated to
range from 2 to 6 days[17-19]. S phase values reported are within a narrow
range (6.1-10 hours)[20].

The undifferentiated cells at the isthmus of the fundic pit and at the lower
portion of pyloric pits are the cells that normally engage in DNA synthesis
and replace those cells sloughed from the surface. They also act as stem cells
for the parietal and some endocrine type cells[21,22]. Zymogen cells and
gastrin cells[22, 23] have been found to renew themselves slowly and contin-
uously. An increased gastrin level in mice significantly enhanced parietal cell
production [22]. However, high gastrin levels significantly decreased the label-
ing and mitotic indices in rat pyloric antral pits[1]. Thus gastrin acts as a
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tropic hormone in the body of the stomach while having an inhibitory effect
on the antrum.

Normal turnover time of gastrin cells in the stomach of rodents is approx-
imately 3 months[24]. Starvation for 4 days causes a 68% depletion of the
gastrin cell population. When this condition is followed by six days of refeed-
ing, gastrin cell numbers increase by 79%. In this case, gastrin cell prolifera-
tion is considerably increased and the turnover time drastically re-
duced [24].

4.2. Kinetics in Diseased States

Atrophic gastritis and intestinal metaplasia are strongly correlated with
gastric cancer[25] based on at least five observations: (1) The incidence and
extent of intestinal metaplasia is greater in a cancerous stomach than in one
which is normal or has ulcer disease. (2) During the early stages, gastric
cancer is often seen in a transitional area bordering one that is characterized
by intestinal metaplasia. (3) The most frequent locations of intestinal metapla-
sia, the antrum and lesser curvature, are also the major sites for gastric
cancer. (4) A large proportion of gastric cancers are of the intestinal type and
(5) the incidence of gastric cancer in patients with a history of atrophic
gastritis is higher than it is in other control groups.

Recent studies have shown that the lack of acid secretion in the atrophic
mucosa provides an atmosphere conducive to the proliferation of certain
bacterial species capable of acting on elemental nitrates[13]. The resulting
exogenous nitrosamines added to those formed endogenously would elevate
their level enhancing the probability of additional damage to the DNA of cells
in this intestinalized mucosa and thereby allowing the initiation of gastric
cancer.

An additional factor thought to contribute to the development of intestinal
metaplasia is duodenal reflux. The contents, particularly bile salts with their
detergent properties, may act to destroy the normally protective mucosal bar-
rier lining the stomach.

Autoradiographic observations of epithelial cells of gastric mucosa of
patients with atrophic gastritis reveal a cell cycle time of about 2 days, a
slightly shorter interval than in the normal mucosa, which is believed to
result from a reduced G, phase[19]. In general the higher labeling indices
found in diseased gastric mucosa (Table 2) can be explained by the close
resemblance it bears to small intestine not only in appearance but also in
kinetic behavior.

Premalignant and malignant diseases of the gastric mucosa are also charac-
terized by a two to five fold increased level of nuclear ploidy over that
recognized in normal mucosa[31]. The presence of additional chromosomal
material causes an increase in the size of nuclei such that the nuclei of gastric
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Table 2. Kinetics of epithelial cells in preneoplastic and neoplastic gastric mucosa of man.

LI Ml TGZ TS TC Ref.
(%) (%) (h) (h) (h)
Atrophic gastritis
Fundus 14.0 1-6 16 >30 [26]
19.0 [27]
10-17.3 6.5-7.6 37.6-75.3 [19]
Antrum 12.9 [27]
12.9 [28]
11.3-194 6.9-10.0 51.8-67.6 [19]
Gastric cancer
Fundus 9.9 2.3 [29]
16.4 1.2 [30]
19.3 [27]
Antrum 15.8 [27]
23.0 1.8 [30]

epithelial cells in patients with pernicious anemia and gastric cancer are
almost twice the diameter of normal 2n cell nuclei.

Accompanying this elevated level of cell proliferation and increased chro-
mosomal content of nuclei, these cells of the mucosa with atrophic gastritis
display a faster migration to the surface [26, 32]. A high level of epithelial cell
loss in gastritis patients may bring about the compensating high L.I. [33]
Enlargement of the proliferative compartment with cells in the upper regions
of pits engaged in DNA synthesis has been recognized in normal appearing
gastric pits as well as those involved in the early stages of gastritis [26, 34].
Histological alterations accompany the progression of the disease and less
differentiated epithelial cells are seen at the surface and upper regions of the
gastric pit. These cells are capable of cell protiferation and are characteristic of
the mild to moderate level of gastritis present. In the more severe stages of
the disease, intestinalization develops and parietal cells are reduced in num-
ber. These intestinalized pits have no homogeneous proliferative pattern,
rather, they can express one of two types. One pattern is characterized by the
presence of immature DNA synthesizing cells at the surface while the other
displays the existence of well-differentiated intestinal type cells in this area.
The latter pattern is thought to display the full extent or severe progression of
the disease and the complete conversion of the gastric mucosa to a small
intestinal mucosa with its full absorptive capabilities[34].

Investigation of cell proliferation in the pyloric antrum of the rat during
early stages of induced N-methyl-N"-nitro-N-nitrosoguanidine (MNNG) gas-
tric carcinogenesis has shown that pits lined with immature mucus-depleted
cells can be recognized and separated into two groups, each expressing a
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different proliferative pattern[35]. The one displayed a shift of the prolifera-
tive compartment in a downward direction toward the muscularis mucosa in
keeping with the future development of an endophytic tumor. The other
revealed an upward shift of proliferating cells, presumably preliminary to the
formation of an exophytic neoplasm. These patterns effectively forecast the
types of tumors, namely adenomas and microinvasive carcinomas, which later
appeared in these animals. These diverse routes for tumor induction have also
been noted in the development of DMH induced colonic neoplasia [36]. The
relative frequency of an endophytic to exophytic inductive sequence to cancer
is unknown. However, there is greater difficulty in the recognition of an
endophytic growth pattern within any mucosa. Thus there exists a lesser
likelihood for early detection of a malignancy expanding in a downward
direction and an enhanced probability of metastasis.

5. SMALL INTESTINE

5.1. Histology

The pyloric antrum leads into the first part of the small intestine, namely
the duodenum, the region into which bile and pancreatic secretions flow. The
effect of some substances on cell proliferation will be discussed later in this
section.

From the duodenum there follows the jejunum and ileum, differing only in
their basic structure from each other and the duodenum by the shape and
length of the finger-like projections or villi which are thrown up by the
mucosal surface to enhance absorptive capacity. The tubular gland or crypt of
the small bowel has the greatest number of specialized cells lining its wall.
The epithelial cells of this area include goblet cells, columnar cells, enteroen-
docrine cells and Paneth cells. All cell types are believed to originate from the
same precursor cell, the columnar cell of the crypt base[37]. The intermediate
cells formed are recognizable for their future role by the appearance of cellular
products in the cytoplasm. The appearance of granules predicts a future
Paneth or endocrine cell while a secretory product forecasts a future goblet
cell. Scattered at the base of the crypts are the many and varied endocrine
cells along with argentaffin cells, which have approximately the same popula-
tion frequency throughout the entire small intestial tract. Other endocrine
cells have more specific distributions. A small population of G cells are
present in the duodenum but the primary endocrine cell types here are the
secretin-producing cell, the motilin-producing cells and the gastric inhibitory
polypeptide-producing cell.

The latter three specialized cells are also located in the jejunum but in
lesser numbers. The endocrine cell type found most frequently in this middle
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area of the small intestine is the epithelial cell, which secretes enteroglucagon.
These cells have been identified by immunohistochemistry but the kinetics
of only the gastrin-producing cells has been investigated.

5.2. Kinetics in Normal Tissue

Regardless of the region in which they are present, crypts of the small
intestine contain the same number of epithelial cells per gland [38]. Mitotic
figures are seen at the base of crypts and their quantitation has allowed both
estimations of the renewal time for epithelial cells to be made as well as
theories to be developed regarding the mechanism of migration and replace-
ment. Estimates of epithelial cell cycle time indicate a minimum of 42
hours [39,40] and a maximum of 144 hours[18]. An L.I. of 27.4% was
obtained for human jejunum [4] and correspondingly high M.Ls of 2.1-3.1%
were seen [4, 39, 40].

Many factors influence or modify epithelial cell proliferation and the small
intestine has usually been employed to assess their effect (Table 3). Aging,
irradiation, nutritional status, genetic inheritance and many endogenously
formed substances have been evaluated and found to alter cell renewal.

The effect of aging was noted on the proliferative activity of young 93-
day-old mice compared with that in 940-day-old rodents. Greater variability
in the duration of the cell cycle of individual cells occurs with age along with
an increase in the synthesis and G, phases[38]. Chronic low level gamma
irradiation of 12 rads/day produces a shortening of the cell cycle when
compared to non-irradiated controls[41]. Even strain differences among mice
of the same age reveal a variability in the durations of epithelial cell cycle
times, i.e. BCF, mice, 15 hours vs CAF, 11.5 hours[41].

Work on neuro-modulation has begun to emerge in the literature because of

Table 3. Factors which influence cell proliferation in small intestine.

Factor Accelerate Depress Reference
Aging + [38]
Irradiation + [41]
Adrenaline + [42]
Stress + {42}
Noradenaline + [42]
Sympathectomy + [42]
Somatostatin + [43]
Serotonin + [44]
Histamine + [44]
Starvation + [45,46]
Bile acid + [47]

Pancreatic secretion + [52]
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interest in the rich adrenergic innervation of intestinal crypts (see Chapter 13).
Evaluations of adrenalin and substances that block alpha and beta adren-
ergic stimulation have been made on cell proliferation in the jejunum of
rats [42]. Infusion of adrenaline inhibited cell proliferation by extending the
mitotic and cell cycle time, a finding similar to that seen when restraint stress
is employed. In the latter instance cell proliferation is also reduced presuma-
bly due to the increased levels of adrenaline released from the adrenal
medulla[42]. Noradrenaline stimulated cell proliferation whereas surgical
sympathectomy inhibited the process. Presumably inhibition was due to the
absense of noradrenaline from local nerve terminals [42].

Somatostatin, which inhibits growth hormone and gastrin release as well as
gastric acid secretion, represses DNA synthesis in the duodenal and jejunal
mucosa when infused 8 hours before the time of maximal S phase activity
(12-2 a.m.)[43]. Infusion during the day depresses the mitotic index suggest-
ing that somatostatin can act at both the G,-S and G,-M boundaries of the
cell cycle.

Two biogenic amines, serotonin and histamine, have been examined and
found to influence cell proliferation. Both stimulate cell renewal in rat jeju-
num when injected intraperitoneally [44].

Starvation of rats causes a decrease in the number of cells in the gland and
reduces the number of proliferating and mitotic cells [45, 46]. Bile acid feeding
stimulates cell proliferation in small bowel, accelerates migration up the villus
and shortens the cell cycle time[47]. While bile diversion had little effect on
the L.I. and M.IL. of the jejunum [48, 49], a significantly lower labeling index
was reported in the distal ileum[50, 51]. It is of interest to note that the
primary function of the ileum is the absorption of bile salts and that their
absence destroys the integrity of the mucosa.

Pancreatic secretions have also been observed to influence epithelial cell
proliferation and particularly villus size[52]. In general, the integrity of the
small bowel mucosa requires controlled regulation of GI hormones, bile and
pancreatic secretion levels. When disturbances in their balance occur, or the
nutritional or physiological status of the individual is altered, these factors are
reflected in the kinetics of the epithelial cell.

5.3. Kinetics in Diseased States

The response to disease in this portion of the gastrointestinal tract involves
one of two alternatives. Either there is a diminution in the epithelial cell
population and the size of the villi with resulting atrophy of the mucosa
taking place, or the mucosa undergoes hypertrophy. The former condition
involves decreased proliferative activity and shortening of the villi to produce
a reduction in absorptive surface. This manifestation is observed in patients
with severe pernicious anemia with concomitant vitamin B,, deficiency. In
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addition to a decreased frequency in mitosis, there is also an increase in
nuclear size demontrated in small intestinal mucosa of these individuals [53].
Spectrophotometric measurements to determine the ploidy of these epithelial
cells have not as yet been carried out.

5.3.1. Sprue. Another condition characterized by loss or reduction in villus
size is celiac sprue or gluten enteropathy (54, 55]. Moreover, it is marked by
enlarged convoluted crypts, frequent mitoses, and excessive cell loss. Patients
with sprue show a characteristic malabsorption syndrome and may develop
malignant lymphoma in 6-10% of cases of long-standing disease[56] (see
Chapter 12).

Untreated patients with sprue demonstrate a three-fold greater proliferative
activity and faster upward migration of epithelial cells than is seen in control
individuals. Sprue patients have a crypt cell population which is four times
that found in control biopsies{39,40]. This increase involves not only a
lengthening of the gland but also a widening of the crypt. A normal crypt
may be composed of 800 cells, but in a sprue mucosa the crypt may contain
3000 cells. While the growth fraction or percentage of cells participating in
DNA synthesis is between 0.72 and 0.83 in normal small bowel [39, 40], it is
far lower in the sprue mucosa [0.55-0.61]. The number of proliferating cells,
however, is still far greater in the crypts of patients with gluten enteropathy
and the cell cycle time is extremely short, i.e. approximately 24 hours [39, 40].
Remission of malabsorption symptoms in patients on a gluten-free diet after
612 weeks is accompanied by a reduction in the L.I. and a slower migration
rate such that it is intermediate between untreated sprue and control levels.
Even over longer periods, a completely normal histologic picture is not
achieved and proliferative activity remains rapid.

5.3.2. Intestinal Resection. Partial resection of the small bowel induces
histological changes in the remaining mucosa[57). Two months following
removal of only 10% of lower rat ileum allowed the villi to increase in height
and cell renewal to be enhanced 141% over control values[58]. Two months
after 40% small bowel resection, both the total number of cells and the
number of DNA synthesizing cells in the ileal rat crypts increased with
expansion of the proliferative and maturation zone. The duration of the cell
cycle was essentially unaltered; however, the number of villous cells was
increased and the migration rate was accelerated [59]. Shortening of the cell
cycle, due primarily to a reduced duration of S phase, was seen 60 days
following resection of 70% of the small intestine [60].

Within 3 days after acute distal intestinal obstruction cell proliferation
increased by a factor of three in crypts proximal to the obstruction. There
were also changes in the length and width of crypts as well as in villous height
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and the width of villi at their base[61]. It has been suggested that a systemic
factor is involved in regulation of the size of the villous cell population [62].
Gastrin and also glucagon have been suggested as effecting this compensatory
proliferative response. Glucagon administered at physiological doses stimu-
lated DNA synthesis throughout the intestine in contrast to gastrin, which
had no remarkable effect on small bowel but stimulated DNA synthesis in
the colon [63]. This study suggests that the major effector of post-resectional
intestinal hyperplasia is glucagon. The significance of increased DNA synthe-
sis in an area adjacent to the obstruction, which may be a tumor, is that
further malignancy in transformed cells here would be expressed faster and
increase the risk of local recurrence.

Patients undergoing radiotherapy in the abdominal region or receiving
chemotherapeutic agents as treatment for the presence of cancer, very often
are fed an elemental diet made of readily absorbable nutrients. Such a diet fed
to mice for seven days brought about an increase in the length or cellularity
of the villi[64]. The number of cells/villus increased by 1209% but the crypt
population was reduced by 35%. Unexpectedly, and in contradiction to nor-
mal feedback regulation, no alteration in the cell cycle time or S phase
duration was found compared with controls. The radiation response of this
mucosa was delayed by 16 hours compared with control mice and the over-
shoot in labeled cells normally seen following whole-body irradiation of 1000
rads did not occur. The protective quality credited to an elemental diet may
be related to the increased epithelial cell population of the villi. Slower
depletion of the villus cells would allow delay of compensatory proliferation
in crypt cells, thus providing additional time for repair of sublethal damage in
these cells.

6. LARGE INTESTINE

6.1. Histology and Kinetics in Normal Tissue

The distal portion of the gastrointestinal tract begins with the caccum and
is composed of five regions, the ascending, transverse, descending and sig-
moid colon and, lastly, the rectum. The mucosa in these areas is histologically
similar throughout with the presence of crypts of Lieberkiihn of varying
depth. Columnar, mucous, enteroendocrine and Paneth cells line the cryptal
walls. The latter two cell types occur only in small numbers, e.g. approxi-
mately four Paneth cells occur in every 100 crypts in the ascending colon [65].
The stem cell for all four cell types is throught to be the vacuolated crypt-
base columnar cell. The intermediate cell types formed have limited capacity
to replace themselves [66].

Data relative to proliferation kinetics is perhaps more available for the large
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bowel than any other portion of the digestive system. This is undoubtedly
because of the relative ease with which biopsies may be obtained using the
proctoscope and more recently the newly developed flexible colonoscope.
The latter now allows sampling even from the right side of the colon.

Patients with limited life expectancy have repeatedly been sampled through
a colostomy after intravenous infusion of tritiated thymidine and a percent
labeled mitoses curve obtained. From this, the various phases of the cell cycle
for the epithelial cells has been determined. When measurements were carried
out in vivo, the S phase duration was between 9 and 20 hours[67-69] and the
total cell cycle time between 24 and 48 hours [67, 68]. The proportion of cells
in S phase for the large intestine (or L.I.) according to in vivo experiments
varied between 12 and 25% [67, 68]. The replacement time for this tissue as
calculated from these values is in the order of 4 to 8 days.

In vitro studies generally provide shorter S phase durations, i.e. 7.2-11.2
hours and lower values for labeling indices, 1.5-17% [69-74]. Consequently,
estimates for the total cell time have provided longer values than those
obtained in vivo (i.e. 77.2-129.9 hrs vs 24-48 hours)[74].

There exists no agreement in the literature concerning circadian rhythm in
the gastrointestinal tract. However, if this type of biological phenomenon does
exist, much of the variability in kinetic parameters expressed may be related
to the time of sampling. Circadian change has been reported in all areas of
the mouse digestive system including the descending colon and rec-
tum[75, 76]. This was described when the mice were standardized on a 12
hour alternating light and dark cycle. Maximum DNA synthesis coincided
with the transition period from dark to light and the lowest frequency occurred
at the time of transition from light to dark. If, indeed, such a rhythm can be
demonstrated in man, it may be possible to deliver chemotherapeutic agents
at a time when they can be less toxic to the host’s gastrointestinal and bone
marrow system [76].

Evidence for neural control of cell proliferation in the large intestine as well
as small intestine has been reported. Adrenergic nerves have been found in
the lamina propria near the basal region of the crypts[77]. Chemically sym-
pathectomized rats showed a decreased mitotic rate compared with con-
trols[78]. Rats which received alpha adrenoreceptor stimulation had an
increased mitotic rate while those experiencing alpha adrenergic blockade had
a reduced mitotic rate. Those that received either stimulation or blockade of
beta-adrenoceptors exhibited no alteration in cell proliferation[78]. Similarly
neither serotonin or histamine influenced colonic epithelial cell proliferation
in any measured way.

A mesenchymal-epithelial cell interaction has been postulated to exist
between the fibroblasts forming the collagenous sheath around each crypt and
the epithelial cells lining the crypt. The characteristic migration of epithelial
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cells from the base of the crypt to the lumen was reported to be accompanied
by a similar migration pattern within the fibroblast population[78, 80]. The
ability to undergo DNA synthesis and mitosis has recently been confirmed
for the cryptal fibroblasts[81]. Labeled fibroblasts were seen along the entire
cryptal wall but the predominant number were along the lower two-thirds of
the gland. After three weeks little change in the distribution of labeled
fibroblasts was observed, evidence that appreciable migration did not occur.
An L.I. of 2.4% for these cells was determined, indicating they are a slowly
renewing cell population [81].

6.2. Kinetics in Diseased States

6.2.1. Polyps. An understanding of the development of polyps and their
role with regard to colon cancer has involved histological analysis of their
size, appearance and proliferative activity. Histologically there are three major
types, which have been studied with great intensity : hyperplastic or metaplas-
tic polyps, tubular adenomas or adenomatous polyps and villous adenomas.
The hyperplastic polyp is an independent entity not only histologically differ-
ent from the two types of adenoma, but with a less aggressive nature. Hyper-
plastic polyps show an increased number and hypermaturity of goblet and
absorptive cells[82, 83]. Epithelial cells lining the cryptal walls are of irregular
size with increased numbers of tall microvilli. The variation in cell size give
glands the commonly described ‘sawtooth’ or serrated appearance[82].
Hyperplastic polyps have a thickened, well differentiated fibroblast sheath at
the surface of the crypts concomitant with a hypermature population of
epithelial cells in this region[79, 80, 83]. Unlike adenomatous polyps, hyper-
plastic polyps are not formed by the production of new glands but grow by
papillary infolding [84].

Tubular adenomas and villous adenomas are neoplastic lesions, the latter
being more so than the former. These excrescences grow as a result of two
operative mechanisms. There is infolding of the surface epithelium as well as
new gland formation at the upper regions of the crypts. Involvement of the
mesenchymal layer in proliferation along with the epithelial defects would
lead to the development of villi and the formation of the villous adeno-
ma [84].

Adenomatous polyp epithelium is composed of immature cells which are
uniform in size and thin and pencil-like in shape. Goblet cells have only an
extremely small size goblet and therefore sparse amounts of mucus can be
present; however, the frequency of goblet cells varies from area to area[82].
Unlike the hyperplastic polyp, the fibroblastic sheath is not well developed at
the surface or luminal area. It is instead similar in its immature appearance to
the membrane at the base of crypts[79].

Epithelial cell renewal in hyperplastic polyps occurs in the same regions as
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in normal mucosa although some enlargement of the proliferative compart-
ment has been noted [82, 85]. In contrast, in the adenomatous polyp, DNA
synthesizing epithelial cells predominate in the upper thirds and along the
mucosal surface[71,86-90]. No difference in the duration of S phase has
been noted between cells of the polyp and those of the normal colonic
mucosa, but a two fold increase in the labeling indices has been reported [71].
Estimates of the cell cycle time are approximately one half that of the normal
colonic epithelial cell (33 hours vs 80 hours).

When polyps are fragmented and cell separation techniques employed in
conjunction with a DNA polymerase assay with *HTTP; the growth fraction
(GF) of actual cycling cells in the total population can be determined. In the
case of adenomatous polyps and villous adenomas the GF for these tumors
was approximately 32% of the cell population[91]. It must be remembered
though that this particular assay system only follows the viable cells, those
which are not excluded by filtration as being part of a larger aggregate, and
those survivors of Ficoll-Hypaque centrifugation.

6.2.2. Mucosa Adjacent to Tumors. The histologically normal appearing
colorectal mucosa adjacent to polyps and carcinomas has been found to have
at least three different proliferative patterns (Table 4). Basically, epithelial cell
replication in the large bowel of most animals and man occurs in the lower
two-thirds of the crypts with the lower one-third the predominate zone of
DNA synthesis. Another pattern observed involves extension of the prolifer-
ative compartment to the surface (Stage I defect). This is seen in patients with
multiple polyposis, familial polyposis, some symptom-free members of poly-
posis families, patients with an isolated adenomatous polyp, some patients in

Table 4. Types of proliferative pattern in colorectal crypts.

Base of gland Lumen of gland
Pattern Lower third Middle third Upper third

Normal _ e
Stage 1 defect -

Stage Il defect = ———--———~ - @
or

Shift in major zone of proliferation

= predominant zone of proliferation.
—_—————— e = area of cell proliferation.
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the general population and patients with a history of a previous colon can-
cer[87,90]. Although the proliferative compartment is enlarged in the Stage I
abnormality, the major zone of cell replication remains in the lower third of
the crypts. This defect is thought to be an early expression of loss of regula-
tory control over repression of DNA synthesis at the top of the middle third
of the gland.

The third proliferative pattern reported in patients with a previous history
of colon cancer is a shift in the predominant region of DNA synthesis from the
lower third to the middle and upper thirds of the glands (Stage II
defect)[90,92]. This pattern has also been observed in mice after five weekly
injections of the colon carcinogen 1,2-dimethylhydrazine [90]. It occurs at a
time when focal areas of cellular atypism are beginning to appear in the upper
portion of colonic crypts prior to the formation of adenomatous polyps and
carcinomas [93]. When patients with the Stage I defect were surveyed, it was
found that the Stage II abnormality occurred with less frequency, indicating it
to be a further step in the development of a neoplasm in the mucosa[90].

6.2.3. Ulcerative Colitis. It has been reported that between 3% and 10% of
all patients with ulcerative colitis develop colon cancer[94, 95] but in patients
having the disease along the total length of the colon and for a period greater
than 20 years, the incidence is four times higher[96,97]. The continued
ulceration and regeneration of the mucosa is characterized by alteration in
chromosome number and structure. Chromatid breaks occur and cells with
hypotetraploid karyotypes are present [98]. Adenomatous polyps develop in
the ulcerative colitis mucosa as does adenomatous epithelium and both are
believed to be precancerous. Of biopsy and colectomy specimens from
patients with ulcerative colitis, 19% have been found to contain foci of
adenomatous epithelium[99]. Endogenously formed carcinogens[13] or abnor-
mal levels of promotors such as certain bile acids present in the lumen[100]
may induce malignant transformation not only in such areas of neoplasia in
these patients but also in any bearing adenomas.

Biopsies from patients with ulcerative colitis placed in culture and allowed
to incorporate *HTdR have revealed epithelial cells to be migrating faster
toward the lumen and to be more heavily engaged in proliferative activity
than cells in control material (Table 5)[101]). The duration of S phase was not
significantly lengthened but the estimated turnover time for these cells is rapid
(34 hours vs 90 hours for controls)[70].

Extension of the proliferative compartment to the surface of glands has
been noted in ulcerative colitis material [70, 101-103], an observation pre-
viously made on histologically normal appearing mucosa adjacent to
polyps [87, 88,90]. This abnormal zone of DNA synthesis is thought to reflect
an early expression of a defect in the normal regulatory controls that bring
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Table 5. Histologic and proliferative characteristics of epithelial cells in ulcerative colitis muco-
sa.

Hypotetraploid karyotypes

High degree of adenomatous transformation

Increased L.I.

Fast migration rate

Normal S phase duration

Decreased duration of cell cycle time

No inhibition of DNA synthesis with phosphodiesterase inhibitors after U.C. > 10 years
Expansion of proliferative compartment (Stage 1 defect)

Shift in major zone of DNA synthesis within crypts (Stage 11 defect)

about differentiation and repression of DNA synthesis. However, in ulcerative
colitis mucosa, the possibility exists that this may be a response to the
severity of the disease and therefore a normal component of the feedback
mechanism.

The ability of phosphodiesterase inhibitors to reduce the level of DNA
synthesis was tested in the colonic mucosa of patients with long-standing
chronic ulcerative colitis [104]. Those with left sided and those with universal
colitis for over ten years showed no inhibition of thymidine incorporation,
while those with either form of the disease for less than ten years displayed
normal theophylline inhibition. Similarly the mucosa of ulcerative colitis
patients with colon cancer and premalignant changes in the mucosa did not
reveal theophylline induced inhibition of DNA synthesis. However, this
defect in the control of DNA synthesis was seen regardless of whether
premalignant changes were present in the tissue and is a biochemical altera-
tion which may precede or accompany histopatologic changes in the muco-
sa[104].

In addition to this defect relating to control of DNA synthesis, patients
with ulcerative colitis sometimes display an abnormal distribution of S phase
cells within crypts[103). Rather than having the lower third of crypts act as
the major zone of DNA synthesis, the middle and upper third of crypts have
the greater number of proliferating cells. Among a group of 18 patients with
ulcerative colitis ranging in duration from several months to over 20 years,
approximately 39% demonstrated this shift in the major zone of DNA syn-
thesis (Stage 2 defect); 72% of ulcerative colitis patients showed extension of
the proliferative compartment to the surface (Stage 1 defect). The mucosa of
patients with this shift in the major proliferative compartments is presumed to
be engaged in the future development of tumor tissue in this area[103].

6.2.4. Large Bowel Cancer. Large bowel carcinoma is the second most
common form of cancer found in economically well-developed countries of
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the West. For this reason it is this area that has had more effort applied to it
to obtain kinetic information than any other region of the gastrointestinal
tract. At first, observations of the kinetic properties of human colon cancer
cells were made directly on the tumor following injection of *HTdR into
patients with limited life expectancy (67, 68, 105]. In the sixties and seventies,
much activity centered about in vitro measurements. Short pulse tritiated
thymidine labeling indices were sought for malignant tissue using a variety of
techniques [91, 106, 107]. They were obtained for clinical use to determine if
there was predictive value for therapeutic treatment or a relationship with the
drug of choice and clinical response. Recently studies of human colon cancer
have involved the development of cell lines and observations of the nude
heterotransplant system[108, 109].

Only one in vivo study was carried out over a long enough period to allow a
complete percent labeled mitosis curve to be obtained [105]. The generation
time for these colon cancer cells was 26 hours, and the duration of S phase 14
hours. The labeling index for this tissue was 23.1% and both G, and G,
phases were of similar durations, 5 hours and 5.7 hours respectively.

Other L.I. obtained in vivo for carcinoma cells ranged from 13 to
21.7% [110]. Those reported using in vitro techniques often are lower, i.e. 4.5
and 6.6%[111,112] but variability may be due to improper oxygenation of
tissue for adequate *HTdAR incorporation, or variability within the tu-
mor[111]. Metastases have been shown to have a median L.I. of 5% but a
range of values from 1.5 to 35% [107]. After chemotherapy with 5-FUDR,
the L.I. of colon cancer tissue measured in vitro within 7 days changed and
correlated well with the clinical effects evaluated 3 months later. A two-fold
change in L.I. over time was thought to reflect an effect of therapy[107].
There may be some possibility of determining response to chemotherapy or
radiotherapy early in the therapeutic schedule to delineate those resistant to
treatment.

Estimated cell cycle times for tumor cells from in vitro studies are higher
than 26 hours, the value determined by Terz[105]. They range instead from
30.2 to 244 hours[72, 73, 111]. The differences may in part be explained by
the lower labeling indices and the longer S phase durations reported. Cample-
john er al. found normal rectal epithelial cells to have a mitotic duration of
1.2 hours while the mean value for 19 carcinomas studied was 2.3
hours [73).

Labeling indices of human colon adenocarcinomas grown in nude mice
ranged from 9 to 229% [108], covering the spectrum of in vitro and in vivo
values previously mentioned. Two xenograft lines, one a well-differentiated
columnar cell carcinoma of the colon and the other a poorly differentiated
one, examined for kinetic parameters had L.I. values of 22.2 and 19.0%
respectively [109]. Carcinoma cells from the well-differentiated malignancy
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had a slightly longer cell cycle time than cells from the poorly differentiated
one (35 vs 26 hours). The growth fraction or percentage of cells involved in
proliferation was almost precisely the same for both lines (47 vs 46%). The
fraction reported by Terz with his in vivo data was between 42 and 49% of the
cells[105]; however, other estimates have been as low as 13-25% [73] in one
in vitro study and 10.7-48.6% in another[91]. The latter two studies involved
19 and 17 colon carcinomas respectively. Varaibility in the growth fraction
may be related to differences in oxygenated and anoxic areas within the
tumors since fewer proliferative cells are seen in poorly vascularized tis-
sue[113].

Tumor volume doubling times have also been found to vary considerably
from study to study and compared poorly with the actual volume doubling
times of 111 to 3430 days determined by analysis of radiological films[114].
Measurements of pulmonary metastases of colorectal carcinomas had a mean
doubling time of 9.5 days[109]. In general estimated values derived from in
vitro and in vivo studies range from 3 days[110, 111, 115] to 45 days[105],
falling far short of actual measured doubling times. One factor which may
play an important role in the slow growth of tumors is the rate of cell loss.
This factor too has been estimated by various authors to be as high as
909% [73] but another report showed only one half the rate of cell loss[105].

Kopper and Steel measured the growth of well-differentiated and poorly
differentiated colon carcinoma lines in the flank of immunosuppressed
mice [109]. They determined a volume doubling of 11.8 days and a cell loss
fraction of 80% for the former and a 6 day doubling time and 66% cell loss
factor for the latter xenograft line. Again a far faster doubling time than has
been reported in man but an extremely high cell loss fraction was indicated.
The lack of resemblance between the actual doubling times for mice and man
may relate to the sizes of tumors involved since doubling time often increases
with increasing size and the tumors in mice are relatively small. Xenograft
lines of colon carcinoma have been tested in immunosuppressed mice against
several single chemotherapeutic agents, each of which altered tumor growth,
regardless of the histological appearance of the line[109]. The greatest
response was achieved with the use of 5-FU.

Studies of cell proliferation have been instrumental in the development and
use of cell cycle specific drugs in combination with cell-cycle nonspecific
agents. Improvement in leukemic cure rates is based on this approach. Of
primary concern in cancer therapy has always been detection of differences in
kinetic behavior between carcinoma cells and normal cells. At present, three
approaches may be useful with colonic cancer and they have both come to
light in experimental models.

Evidence from animal work suggests that unlike normal tissue, malignant
cells do not follow a predictable synchronized circadian rhythm[76]. Thus
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administration of a drug or the use of irradiation at the appropriate nadir of
cell proliferation in the colon may produce less toxic effect to the normal
tissue and a selectively greater killing of tumor cells.

The second approach comes from research using the colon carcinogen,
1,2-dimethylhydrazine in rats. Chemical sympathectomy significantly lowered
the mitotic rate in normal crypts but did not influence it in adeno-
carcinomas [78]. The use of drugs releasing norepinephrine as well as alpha-
adrenergic manipulation influenced cell proliferation in the normal crypts
while tumor cell proliferation was unaltered. Observations such as these
indicate autonomic neural control over normal colonic proliferative activity
whereas it is reduced or absent in neoplastic tissue. Again selective advantage
may perhaps be achieved between tumor and normal colonic mucosa by
manipulation of neural response thus altering the ratio of proliferative cells in
both tissues[78].

In addition to revealing the lack of neural control present in colonic tumor
tissue, Tutton has demonstrated that serotonin or histamine injection stimu-
lated the mitotic rate within the neoplasm but not in the normal tissue[78].
The hormone-dependency revealed in DMH-induced tumors may exist in
human large bowel cancer and may be the basis for a new therapeutic strategy
against its aggressive character. '

[t becomes evident from this brief exposition on the proliferative character-
istics of normal and neoplastic gastrointestinal cells that our storehouse of
information is large and growing. Kinetic data have successfully provided a
rationale for chemotherapeutic usage with bone marrow malignancies but
have had limited success against solid tumors, particularly stomach and large
bowel cancer. Now that animal models have been developed for the induction
of both gastric and large bowel neoplasia, the biological tools are available to
define and describe proliferative characteristics under new and unique condi-
tions, seeking always to uncover important selective differences between
tumor and normal tissue growth.
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2. Genetic Aspects of Gut Cancer

RICHARD B. McCONNELL

1. INTRODUCTION

The contribution of genetic predisposition to the origin of cancer may be
much greater than has been supposed. In particular there has been gradually
increasing evidence that for nearly all cancers there is at least one form which
is inherited in a simple mendelian manner. In the past only certain rare
tumours were known to be determined by simple genetic mechanisms and
the genetic predisposition to most common cancers was considered to be
vaguely polygenic, probably with genes at a large number of loci each able to
make a small contribution by susceptibility to one or more environmental
agents. This quantitative basis of genetic susceptibility may still underlie
many sporadic cases of cancer but there is growing evidence in some of these
polygenic systems that there can be one or more major genes which, when
present, are able to cause cancer with only minimal environmental stimulus.
Such major genes can be responsible for occasional familial aggregations of a
cancer suggestive of mendelian type of inheritance. It is hoped that intensive
study of this type of family will identify such major genes and their biochem-
ical or immunological effects and thus provide insights into the nature of the
carcinogenic process.

1.1. Combined Genetic and Environmental Research

The search for environmental factors responsible for human cancer has
been disappointing. A considerable impetus was given to such studies 30
years ago by the smoking-lung cancer findings but they have not led to any
comparable relationship being demonstrated other than in breast and uterine
cancer. Apart from a vague relationship between alcohol consumption and
oesophageal, liver and pancreatic carcinomas, no environmental factor of any
magnitude has been established in gastrointestinal cancers. It may be relevant
that a strong familial element has been demonstrated in some of these

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 27-62. All rights reserved.
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gastrointestinal cancers.

A combined genetic and environmental approach to cancer research should
prove more profitable than separate studies. It is interesting that a genetic
influence can be demonstrated in lung cancer in spite of the strength of the
smoking factor. It was found[1] that the non-smoking relatives of lung cancer
patients had an increased risk of lung cancer similar to that of smokers
without any such family history of the disease. In addition smokers with a
family history of lung cancer had a risk that was greater than the sum of both
familial and smoking risks.

In a search for genes which might be contributing to this increased suscep-
tibility to the effects of smoking, an enzyme called aryl hydrocarbon hydrox-
ylase was studied[2]. This enzyme is inducible, membrane-bound and
involved in the metabolism of chemical carcinogens found in tars. The extent
of induction in cultured human leucocytes is under genetic control, there
being a polymorphism in United States whites with about 10% having high
inducibility and 45% low inducibility. In lung cancer patients, all of whom
were heavy smokers, the inducibility was high in 309% and low in only 4%.
These data suggest that susceptibility to lung cancer is associated with high
levels of inducible aryl hydrocarbon hydroxylase activity and Kazazian[3]
takes the view that this may be one of many inherited risk factors for lung
cancer, with gradations of risk being modulated by different genes acting in
combination and by different environmental factors.

1.2. Chromosomal Abnormalities

There is a vast literature on chromosomal abnormalities in tumours but it
is quite uncertain if these aberrations are aetiologically significant in human
carcinogenesis. Some may be directly related such as the specific deletions of
retinoblastoma, Wilm’s tumor or the Philadelphia chromosome of chronic
myeloid leukaemia[4]. In this gastrointestinal review little mention will be
made of chromosome abnormalities other than the important work of Danes
in polyposis coli[5].

1.3. Genetic Mechanisms

From a genetic point of view gastrointestinal cancers can be divided into
these determined by single genes and therefore inherited in a more or less
simple mendelian manner and those in which the genetic influence is more
complex and due to genes at several loci influencing susceptibility to environ-
mental carcinogenic factors.

1.3.1. Single Gene Inheritance. It has been estimated [6] that there is an
association with malignancy in nearly 10% of the 2 000 diseases known to
have mendelian inheritance. In most of these the increased cancer risk applies
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Table 1. Conditions with single gene inheritance and 100% cancer risk.

Condition Site of malignancy

Clarke-Howel-Evans Syndrome Oesophagus

Familial polyposis coli Colon

Discrete colonic polyps Colon

Cancer Family Syndrome {Slomach
(Adenocarcinomatosis) Colon

to parts of the body other than the gastrointestinal tract.

There are only a few gastrointestinal cancers that are determined by a
single gene. In some the cancer develops in nearly all the individuals carrying
the abnormal gene, for instance in carcinoma of the colon with polyposis coli
and in carcinoma of the oesophagus with puberty-onset tylosis (Table 1).

There are also the familial cancers (‘cancer family syndrome’, ‘adenocarci-
nomatosis’) which appear to show dominant inheritance, with great variability
of phenotypic expression between families, suggesting considerable genetic
heterogenicity. The part of the gastrointestinal tract chiefly involved in these
cancer families is the colon, though there are many references in the literature
to familial occurrence of cancer at other gastrointestinal sites, the explanation
of which may be single gene inheritance but may equally well be chance
aggregation due to an exceptional environmental load.

Other gastrointestinal cancers in which single gene inheritance plays a part
are those in which an inherited condition carries a risk of cancer develop-
ment, e.g. carcinoma of the pancreas with hereditary pancreatitis and malig-
nant hepatoma with haemochromatosis (Table 2).

In some syndromes the cancer risk is mainly in organs other than those of
the gastrointestinal tract, e.g. ataxia telangiectasis, in which carcinoma of the

Table 2. Conditions with single gene inheritance and increased gastrointestinal cancer risk.

Condition Site of malignancy
Ataxia telangiectasia Stomach
Dyskeratosis congenita Oesophagus

Bloom syndrome } { Rectosigmoid
Alpha-1-antitrypsin deficiency Liver

Hereditary pancreatitis Pancreas
Peutz-Jeghers syndrome Stomach, intestines
Haemochromatosis Liver

Wilson’s disease Liver

Multiple endocrine neoplasia I Pancreatic islets

Severe atrophic fundic gastritis Stomach
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stomach occurs[7]. In dyskeratosis congenita and Bloom syndrome, the mole-
cular pathology includes defective DNA synthesis and one might expect to
find an increased incidence of malignancy. Indeed an increased incidence of
carcinoma of the oesophagus and carcinoma of the rectosigmoid has been
reported [8].

Certain .single gene-determined enzyme deficiencies can lead to an
increased cancer risk. For instance, alpha-1-antitrypsin deficiency may
influence hepatoma development[9] in addition to predisposing to chronic
obstructive airway disease in the presence of cigarette smoking.

1.3.2. Polygenic Inheritance. In the majority of patients with gastrointestinal
cancer no simple pattern of inheritance is apparent. In these sporadic cases
the genetic basis of susceptibility to carcinogens is probably due to several
genes at different loci, most with heterozygous effect but some possibly
requiring inheritance from both parents. The inheritance may be in two parts,
there being considerable evidence of an inherited tendency to develop non-
site-specific cancer and a separately inherited tendency to develop cancer of a
particular organ. Many family studies of patients with common cancers such
as gastric carcinoma, show not only an increased incidence of that cancer in
relatives as compared with controls, but also of cancer at other sites.

With a common condition it can be expected that occasional families will
be found in which, by change alone, several members have been affected. As
well as chance, such aggregations may be due to a heavy concentration of
environmental factors or to an unusual concentration of the genes of the
polygenic systems, but the possibility cannot be excluded that the genetic
mechanism is due to an unusual major gene. Early onset of cancer or the
occurrence of multiple cancers in an organ are features favouring the major
gene explanation.

Careful statistical analysis of data derived from family and twin studies is
necessary before the role of genetic factors in the aetiology of common
cancers can be determined. The problem of statistical controls is not easy to
resolve. The incidence of cancer in the general population is important, but in
stratified populations this can be misleading. With satisfactory control data,
calculations can be made of the likelihood of family aggregations occurring by
chance alone and an expected incidence in relatives can be approximated.

1.3.3.  Polygenic Inheritance with Increased Cancer Risk. There are several
conditions in which inheritance plays a part and which are associated with a
cancer risk higher than that expected from general population frequencies.
Examples are inflammatory bowel disease and coeliac disease (Table 3). The
hereditary mechanism in this group of conditions is probably not the effect of
one gene but rather is multifactorial and due to both the effect of several
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Table 3. Polygenically inherited conditions with increased gastrointestinal cancer risk.

Condition Site of malignancy
Pernicious anaemia Stomach

Coeliac disease Oesophagus, intestines
Crohn’s disease Intestines

Ulcerative colitis Colon

Chronic calcifying pancreatitis Pancreas

Cirrhosis of liver Liver

Juvenile polyposis Stomach, intestines

genes as well as a considerable environmental influence. The increased cancer
risk in these conditions may be due to a non-specific effect of the disease or
may have a genetic basis associated with the genotype of the condition. For
instance, abdominal lymphoma associated with coeliac disease may be asso-
ciated with the same immunological disturbance which underlies the coeliac
disease. There are strong genetic influences in several immunologal
defects[10].

1.4. Cancer Families

In this chapter the part played by heredity in gut cancer will be considered
under anatomical headings. There is, however, an important aspect of the
subject that needs to be considered separately as it can involve the inheritance
of cancer at several sites in one family. Mention has already been made of an
apparent inherited tendancy to develop cancer per se. Families are often
reported in the literature in which many members have been affected by
cancer of various organs. The name ‘ Adenocarcinomatosis’ has been applied
but, more often, the term ‘Cancer Family Syndrome’ is used.

During the past decade many cancer families have been studied by Lynch
and his Omaha group and a good deal of progress has been made in subdiv-
iding this heterogeneous group into different types[11]. One of the features of
the cancer families is that by far the commonest tumour has been cancer of
the large bowel and, particularly, of the proximal colon[12]. In some of the
families the only cancer found is in the large bowel, in others there have
been, in addition, many members with carcinoma of the endometrium and
ovary [13], and in yet other families the additional malignancy has been of the
breast[14] or elsewhere in the gastrointestinal tract. Other features of the
Cancer Family Syndrome are an early age at onset of malignancy, usually
between 30 and 50 years of age, though occasionally earlier [15], and multiple
primary cancers[16].

There can be little doubt that in many of these families cancer is being
inherited in a dominant manner, presumably due to the presence of single
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genes or, possibly, one gene the expression of which varies from family to
family due to other modifying genes. There have been far too many of these
large families described to be merely due to chance aggregations of cancer. In
vitro defects of cellular immunity have been demonstrated in Cancer Family
Syndrome patients[17].

Though it would be unwise to exclude the involvement of environmental
factors in the production of cancer in the members of these families, the
evidence suggests that they are not of much importance in deciding which
members develop a carcinoma.

It is not known what proportion of sporadic large bowel cancers encoun-
tered in clinical practice are due to these major genes, but the finding of a
strong family history of the disease when the patient is below 50 years of age
or has multiple large bowel cancers[18] suggests that single gene cancers
make up as much as 10% of the total. It may be that because people have so
few offspring nowadays the familial nature of the disease is often not appar-
ent.

2. CARCINOMA OF OESOPHAGUS

There is little evidence of heredity being concerned in the majority of
cases of cancer of the oesophagus. In a Danish study of 101 patients with 877
first-degree relatives and 341 healthy controls with 2572 relatives, no signifi-
cant differences were found between the five cases of oesophageal cancer in
the patient’s relatives (0.57%) and the 13 (0.51%) in the control rela-
tives [19).

This lack of evidence of increase in familial occurrence of cancer of the
oesophagus in Denmark is in contract with the findings with cancer of other
organs in which it is usual to find a site incidence in relatives about double
that in controls. In China it has been found that patients with carcinoma of
the oesophagus had a positive family history more frequently than controls
without cancer[20]. However, in North China oesophageal cancer is the
commonest type of cancer in males. In 1960, Lin county of Honan province
had the extremely high prevalence rate of 67.26 cases per 100 000 population.
In this county 61.4% of 935 patients were found to have a positive family
history, but so had 42.9% of 375 healthy controls.

One of the most striking features of the epidemiological aspects of oesopha-
geal carcinoma is the remarkable differences in incidence in different geogra-
phical locations. There is no other tumour with such large variations in
incidence in different parts of the world. Even within Great Britain an
eight-fold difference has been found between the incidence in North Wales
and that in East Anglia[21]. Very much larger differences are found if
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European and North American incidences are compared with those in West
Kenya, Natal, the Transkei and Iran[22]. In Iran the high incidence was
found both in areas populated by Iranians and in areas settled by Turkomans
[23] (see Chapter 4).

The evidence suggests that in South Africa, at least the present high
frequency in some locations has developed during the past half century. This
suggests a strong newly-developed environmental aetiology as the genes in
the population could not have changed appreciably in such a short time. Beer
made from maize husks might be responsible[24]. More recent surveys in
China have revealed incidences even higher than those quoted above. In
Linksien county the prevalence has been reported to be as high as 379 per
100 000 [25], and it is also of interest that a high prevalence of pharyngo-
oesophageal cancer was found in domestic fowl.

One of the features of genetically determined cancer is the early age at
onset compared with sporadic cancer. It is, therefore, interesting that there is
a family in a village on the north-east coast of Iran, which has one of the
highest prevalence rates in the world, in which 13 cases of oesophageal cancer
are known to have occurred in three generations[26]. Such a family aggrega-
tion might be due to chance, But in 11 of the patients the carcinoma
developed very much earlier than in patients with the same disease in other
areas of north-eastern Iran. This might suggest a strong genetic factor in the
aetiology of the disease in this family. Familial oesophageal cancer has been
reported in three brothers in South America[27] and also in Russia[28]. There
is an association with coeliac disease in which there is a strong genetic
element [29].

2.1. Single Gene Oesophageal Cancer: Clarke—Howel-Evans Syndrome

The weight of evidence is in favour of the view that heredity plays little or
no part in the aetiology of sporadic oesophageal cancer. It is, therefore, a
surprise to find that there are families in which the disease is inherited in a
simple mendelian dominant manner in association with the late onset type of
tylosis (hyperkeratosis palmaris et plantaris). The first report of such families
came from Liverpool [30, 31] and there has been a follow-up on them[32]. In
these families at least 24 cases of carcinoma of the oesophagus have occurred
during the past 50 years, all of them in members with tylosis, which is
determined by a single gene. It has been calculated that members with the
abnormal gene have a 95% risk of developing the cancer by the age of 65
years.

The association of tylosis and oesophageal carcinoma in these families is
likely to have only one genetic explanation, and that is the existence of a
single mutant gene which causes both tylosis and carcinoma of the oesopha-
gus. This gene may or may not be at the same locus as the usual gene for late
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onset tylosis. A less likely, though possible, explanation is that there are two
separate genes, one for tylosis and the other for carcinoma of oesophagus, so
closely linked on a chromosome that no crossing-over has taken place in
these large families.

Tylosis and oesophageal cancer have been reported together in other famil-
ies [32-34] and it is, therefore, worthwhile to examine carefully the palms and
soles of the feet of any patients who develop carcinoma of the oesophagus
under the age of 50 years. Any sign of hyperkeratosis would be an indication
for study of other members of the patient’s family. Though prophylactic
oesophagectomy is not yet a practical proposition, there is no doubt that one
day it will be carried out in tylotic members of these families in the same way
that prophylactic colectomy is done in affected members of polyposis coli
families. In the meantime all that can be done is to tell the tylotics who are
aware of their great cancer risk that they should report immediately even
slight dysphagia or chest discomfort. Periodic oesophageal washings for cyto-
logy and endoscopy may be of value. The tylotics who are not aware of the
risk can be told of it if it is judged that they are sufficiently stable to accept
the news without the development of an anxiety state. In the Liverpool
families there are few in this category, and, so far, most of the tylotics have
been shielded from the knowledge of the fate that awaits them in early
middle life.

In these Liverpool families with late-onset tylosis, oral leukoplakia was
noted [35]. It is therefore interesting that a 25-year-old Los Angeles patient
with both oesophageal cancer and oral leukoplakia had tylosis of the early
childhood onset type [36].

3. CARCINOMA OF THE STOMACH

Probably there have been more investigations of the hereditary aspects of
gastric carcinoma than of any other common cancer and a genetic influence
has been clearly demonstrated in the increased liability of people with blood
group A [37]. However, group A individuals are only about 20% more liable
than people of the other blood groups. Consequently if the ABO locus
represents the sole genetic factor involved it is unlikely that an hereditary
component would be detected in conventional studies of the incidence of the
disease in twins or other relatives.

Because carcinoma of the stomach is so common, occasional families will
be found in which several cases have occurred by chance alone and it has,
therefore, to be established whether or not families with multiple cases are
found more frequently than can be accounted for by chance. It is, however,
not enough to demonstrate significantly large numbers of familial aggrega-
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tions of the disease since such familial concentrations may be due either to
hereditary factors or to a common carcinogenic environment. These are, of
course, the problems which have to be solved when considering the place of
heredity in any common disease. However, with carcinoma of the stomach
we are fortunate since there is available a considerable body of data to derive
an answer.

3.1. Incidence in Populations

From the work that has been reported, it is clear that the incidence of the
disease varies at least ten-fold from one country to another [38]. It is common
in Japan, Finland, Poland and Chile and relatively uncommon in the white
population of the United States, England and India. In addition there are
smaller, but still substantial differences among ethnic, social and economic
groups within countries. Gastric cancer is more frequent in North Wales than
in South-East England. In industrial countries gastric cancer is more frequent
among the poor, but in South Africa it is several times more frequent among
the Cape Coloured as compared to the poorer Bantu workers.

It is not known whether these variations in incidence are due to genetic or
to environmental differences, but with the exception of a report of asbestos in
the talc used in Japan in the cooking of rice[39], specific environmental
factors have, so far, escaped detection. Within Wales, varying opinions are
held, from the high susceptibility to gastric cancer being a genetic character-
istic of the Celtic people[40], to specific environmental factors operating and
powerful enough to obliterate evidence of the ordinary genetic factors such as
the increased susceptibility of blood group A people [41].

3.2. Twins

There are many pitfalls in the interpretation of twin data[42], but some
reports are worthy of note[43]. A recent report concerned identical female
twins who, at the age of 45, both developed adenocarcinoma of the gastric
antrum[44]. Their mother had also died with a carcinoma of the gastric
antrum, suggesting the possibility of gastric polyposis either of adenoma[45]
or of juvenile type[46).

3.3. Incidence in relatives

Many studies have been reported in which the frequency of carcinoma of
stomach among relatives of patients with the disease is compared either with
the frequency in relatives of people who do not have the disease, or with the
frequency of the disease in the general population. Most studies can be
criticised on the grounds of biased ascertainment of the propositi, incomplete
or inaccurate collection of the family data or unsuitable controls. This is
particularly true of the early studies. Those published up to 1957 have been
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excellently reviewed [47].

Some of the investigations carried out since 1958 are open to the same
criticisms as the earlier reports, but they provide further evidence for the
conclusion that there is familial aggregation of carcinoma of the stomach. In
addition, they tend to confirm the suspicion that the high incidence of gastric
cancer occurs in single family units (parents and offspring) rather than scat-
tered randomly throughout all the more distant relatives. Five large cancer
families have been studied in Utah, in each of whom three cases had occur-
red in one unit[48]. In these and 12 other families in which two or three
cases had occurred, no similar concentration of cases were found in other
units of the families. It was considered that this indicated that the genetic
component for carcinoma of stomach is polygenic.

The families of 167 patients with carcinoma of the stomach and 145
patients with carcinoma of the large bowel were studied and the results were
compared with general population frequencies in Ohio[49]. It was found that
carcinoma of the stomach occurred in the relatives of patients with carcinoma
of the stomach significantly more often than in the general population.
Gastric cancer was about twice as common in both fathers and mothers and it
was more than three times as frequent in brothers and sisters as expected. In
contrast, carcinoma of the large intestine did not occur more commonly than
would be expected from the frequency of the disease in the general popula-
tion. In the relatives of patients with large bowel cancer, carcinoma of the
stomach did not occur any more frequently than in the general population,
although the number of cases of large bowel cancer was significantly higher.

There have been many other reports of the familial aspects of carcinoma of
the stomach. In one from Mexico the records of 393 patients were anal-
ysed [50]. Three per cent had given a positive family history but there was
such a family history in only 0.75% of the controls. More recently a detailed
survey of gastric cancer in the Republic of San Marino[51] showed that gastric
cancer accounted for 9.2% of deaths. Study of the families of the 36 patients
who had died of the disease revealed that 25% had first degree relatives
affected compared with only 5% of the relatives of age and sex-matched
controls.

3.4. Incidence in Spouses

Although carcinoma of the stomach may be concentrated in some families,
it does not necessarily follow that these family aggregations have a genetic
explanation. Environmental factors operating on the members of some famil-
ies could be responsible. An analysis of the frequency of the disease in
non-blood relatives living in the same environment as the gastric cancer
propositi would help to distinguish genetic and environmental factors. Two of
the investigators of the incidence in blood relatives also studied the incidence



GUT CANCER: GENETIC ASPECTS 37

in the spouses of the propositi, and in both studies it was found that the
spouses had much the same incidence of the disease as the con-
trols [52, 53].

It is thus likely that genetic factors are operating, but the results cannot be
considered decisive since cancer patients and their spouses share a similar
environment only during their married life. It is possible that carcinogenic
factors operating in youth are important in the aetiology of the disease. These
investigations do suggest, however, that important exogenous factors for sto-
mach cancer are not present in the home environment of patients with
stomach cancer during adult life.

3.5. The Genetic Basis of Gastric Cancer

Intense research during the past decade has resulted in several discoveries
which suggest not only that there are a number of genes which play a
relatively minor role in susceptibility of gastric cancer, such as the genes for
blood group A, but also there may be genes which are able to make a major
contribution to cancer susceptibility.

3.5.1. Immunologic Defects. Isolated reports of large families with many
affected relatives are not usually very informative because with such a com-
mon disease large aggregations are likely to occur by chance alone. One
study, however, is worthy of particular note, not because 12 members devel-
oped stomach cancer, but because a battery of laboratory studies was applied
to 16 family members in an attempt to elucidate mechanisms underlying
susceptibility [54]. Evidence was found of cell-mediated immunodeficiency
and a number of relatives showed antibodies to gastric parietal cells. It was
suggested that a genetic defect of T lymphocytes might be involved in the
concentration of cases in this family. Because of the parietal cell antibodies and
the fact that several members of the family showed macrocytosis, the authors
also suggested a subclinical process related to pernicious anaemia, perhaps a
genetically mediated auto-immune gastritis predisposing to gastric cancer. The
subject of immunological dysfunction, atrophic gastritis and gastric malig-
nancy has been well reviewed [55].

3.5.2. Pernicious Anaemia. Over the past 30 years it has become established
that there is a strong predisposition to develop gastric cancer in both people
with pernicious anaemia as well as people with severe atrophic gastritis who
have not developed pernicious anaemia. The importance of heredity in these
two conditions has also been demonstrated. More recently there have been
important advances in the understanding of their genetic bases, which may
underlie a large proportion of sporadic, apparently non-familial cases of carci-
noma of the stomach.
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Work in Copenhagen in the early 1950s confirmed that there is a consid-
erable risk of gastric carcinoma developing in patients with pernicious anae-
mia [56]. Then more gastric cancer was found in the relatives of patients with
gastric cancer than in the general population[57]. It was also shown that
among these relatives there was an increased occurrence of pernicious
anaemia and achlorhydria [58]. It was reasoned that the tendency to achlorhy-
dria was possibly inherited and this in turn predisposed to both gastric cancer
and pernicious anaemia.

It became certain that heredity is important in pernicious anaemia when it
was shown that 20% of 106 relatives of patients with pernicious anaemia had
impaired vitamin B,, absorption[59] and 19% of 220 other relatives had
parietal cell auto-antibodies in their serum [60]. Other auto-immune condi-
tions such as thyroid disorders, diabetes mellitus and vitiligo are also preval-
ent in these families [61].

A recent study in Helsinki of 68 pernicious anaemia patients, 183 of their
first-degree relatives and 354 control subjects included gastroscopy with mul-
tiple gastric biopsies, testing of gastric acid output, ABO blood grouping, estima-
tion of serum levels of gastrin, vitamin B,, and parietal cell antibodies and
tests for intrinsic factor antibodies in gastric juice[62]. Though the overall
prevalence of chronic gastritis was similar in the relatives (64%) and the
controls (59%), severe atrophic gastritis of the body of the stomach, achlor-
hydria, parietal cell antibodies and a raised fasting serum gastrin level were
significantly more common in relatives, 23 of whom had severe atrophic
gastritis indistinguishabile from the gastric mucosal lesion found in pernicious
anaemia patients. The mean age of the subjects with slight or moderate
atrophic gastritis of the body was significantly lower in the relatives than in
the “u“controls. suggesting' an early onset and a rapid progression from mild to
severe gastritis in some pqmicious anaemia relatives. The relatives seemed to
fall into two populations| one with a high proneness to severe atrophic
gastritis and the other with little such proneness. It was considered that this
bimodal distribution supports the participation of a single major factor, prob-
ably genetic, in the pathogenesis of severe atrophic fundic gastritis in the
relatives of pernicious anaemic patients.

Other studies by the Helsinki group in pernicious anaemia families[63]
have led them to conclude that severe atrophic fundic gastritis is caused
mainly by a single major inherited factor, which they term the ‘A-factor’.
The factors causing the development of parietal cell antibodies were thought
to be closely linked with this A-factor although not identical. It was con-
cluded that parietal cell antibodies are not cytotoxic but merely an indication
of altered immune response, and that circulating antibodies to intrinsic factor
do not have a significant role in the development of either chronic gastritis or
overt pernicious anaemia.
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Serum pepsinogen I and serum gastrin levels have been measured in 171
first degree relatives of 62 pernicious anaemia patients [64]. Both a low serum
pepsinogen and a high serum gastrin were found to be useful in detecting
severe atrophic gastritis in these relatives, whilst tests for parietal cell anti-
bodies were of little value. Serum pepsinogen determination had greater sen-
sitivity but testing for both pepsinogen and gastrin levels had a specificity
of 100%.

3.5.3. Severe Atrophic Fundic Gastritis. Workers in Helsinki[65] demon-
strated that atrophic gastritis was associated with the development of gastric
carcinomal[65]. It was found during a 10-15 year follow-up that nine of ten
previously diagnosed gastritis patients had developed carcinoma of the sto-
mach. Subsequently the genetics of chronic gastritis has been extensively
investigated by this group and it has been shown that severe atrophic gastritis
is largely genetically determined [66]. The liability to severe atrophic fundic
gastritis was shown to be significantly higher in the first-degree relatives of
patients with this type of gastritis.

Although family members tended to have similar gastric mucosal changes,
patients with severe gastritis had some relatives whose fundic mucosa was
normal in all biopsy specimens, even in the oldest age groups. When the
liability to fundic gastritis in these subjects was measured as age-adjusted
score values, it formed a bimodal curve indicating two populations, one with
very high liability to severe fundic gastritis, whilst the other family members
did not have this liability [67]. There is a strong probability that this liability
to fundic gastritis may be due to a single factor which may be genetic rather
than due to the common family environment.

The term A-gastritis has been introduced [68] for the mucosal picture of
severe atrophic fundic gastritis accompanied by functional changes in the.
form of achlorhydria and low vitamin B;, and intrinsic factor levels and
immunological alterations such as high serum gastrin with parietal cell and
intrinsic factor antibodies. The antral mucosa is normal or only slightly
altered and A-gastritis is now further defined by having high serum gastrin
and low serum pepsinogen 1 levels[64]. It would seem likely that there is a
major gene underlying liability to severe fundic gastritis and that the gene is
very pleotropic. Alternatively the non-histological features of A-gastritis may
have separate genetic bases. There is a good deal of evidence of an hereditary
basis of gastric acid output [69] and a relationship has been found between low
serum pepsin activity, achlorhydria and the subsequent development of gas-
tric cancer [70].

It has been shown that severe atrophic fundic gastritis is significantly more
frequent in the relatives of patients with gastric carcinoma than in con-
trols[71, 72]. It was found particularly when the proband had diffuse gastric
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carcinoma. This type of carcinoma has been shown to be associated with a
much greater frequency of affected relatives than is the intestinal type of
gastric carcinoma([73].

The diffuse type of carcinoma has been found to be particularly associated
with blood group A and it was suggested that individual, presumably genetic,
factors are of great importance in its aetiology whereas the development of
the intestinal type of gastric carcinoma is influenced by environmental fac-
tors{74]. It is not known if the two histological types of carcinoma are
associated within families.

Studies of first-degree relatives of patients with severe atrophic gastritis,
pernicious anaemia and carcinoma of the stomach have indicated that the
tendency to develop atrophic gastritis is influenced by one gene[75]. This
genetically determined A’ type of gastritis is connected with a high risk of
developing gastric cancer. It is not yet known whether this severe atrophic
fundic gastritis is a common precursor of sporadic, apparently non-familial
cases of gastric cancer, but there is much evidence to suggest that it underlies
at least some of them.

From the practical point of view the most satisfactory way to screen people
for this pre-malignant type of chronic gastritis is to test their serum for
pepsinogen I and gastrin levels. A low serum pepsinogen | level accompanied
by the finding of hypergastinaemia, in the absence of total gastrectomy for
Zollinger-Ellison syndrome, should be diagnostic of this type of gastritis [64].
A low serum pepsinogen | level would appear to be the most useful single
subclinical marker of increased risk of developing gastric cancer.

3.5.4. ABO Blood Groups. The results of the investigations of the families
with carcinoma of the stomach suggested that genetic factors are concerned in
the aectiology of the disease, but they did not conclusively prove it. The
demonstration that people of blood group A are more prone to develop the
disease than people of blood groups O, B and AB proved that heredity is
concerned since the ABO blood group is determined solely by what genes the
individual inherits from his parents. The ABO genes are therefore concerned
in determining liability to the disease and the ABO locus is probably only one
of several which play a part.

The relationship between the ABO blood group genes and carcinoma of
stomach was established in 1953 [76] and since then the association has been
confirmed all over the world. In 1967, 71 series were summarised [77]: 55
showed an excess of group A and 14 showed little difference from the
control. In only two series was there a considerable deficiency of group A and
one of these was a series of only 112 cases from Jerusalem. Considering the
marked heterogeneity of the ABO blood groups over quite small distances
and the consequent difficulty in obtaining good controls, these data leave no
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doubt of the true causal nature of the relationship. The increased risk of
group A people is a modest 20% over the general population risk.

Of the more recent reports, one from Amsterdam [78] analysed the data of
874 patients according to the site of the tumour within the stomach and
found that group A was especially increased in the series of tumour of the
antrum. Previous reports had given conflicting answers to the question of site
of tumour and blood groups[77). In a Japanese population, blood group A
was associated only with the diffuse-type histology of carcinoma[79]. This is
the histological type of gastric cancer that has been found to be familial in
contrast to the intestinal-type in the relatives, of which no increased carci-
noma of stomach incidence has been found[73].

There is no evidence that secretor character is concerned in the aetiology of
gastric cancer, but a remarkable absence of Lewis negative individuals in 320
stomach cancer patients has been reported [77]. Of 1000 healthy Liverpool
controls, 34 were Lewis negative. The significance of this finding awaits the
tests of a series of patients in a part of the world, such as Japan, with a much
higher incidence of Lewis negative in the population.

In spite of much research the reason for the blood group A association is
still unknown. It seems likely that the ABO blood group genes are pleotrophic
with many diffferent effects in various systems in addition to their role in
determining the serological specificity of antigens on red cells and water
soluble glycoproteins which are found in most body fluids including saliva
and gastric juice [80]. The influence on liability for gastric cancer may be due
to one of these effects and have nothing to do with the blood group antigens or
it may be due to the blood group specific substance themselves. An equally
high incidence of blood group A is found in series of patients with pernicious
anaemia[81] and it has even been suggested that this high incidence of group
A in pernicious anaemia may be the reason for the apparent excess of group
A in carcinoma of stomach [82].

Work with tumour tissue involving carcinoembryonic antigens that are
molecularly similar to blood group antigens has shown that changes in phe-
notype of blood group antigens in tumour tissue may result from altered
glycoprotein synthesis by diseased mucosal cells[83, 84]. The significance of
this work is not obvious : the changes may be due to the cancerous changes within
affected cells.

3.5.5. Ataxia-telangiectasia. Carcinoma of the stomach occurs in immuno-
deficiency diseases such as common variable immuno-deficiency and ataxia-
telangiectasia[2, 85-87]. Ataxia-telangiectasia (Louis-Bar Syndrome) is inher-
ited as an autosomal recessive condition with neurological, cutaneous and
immunological abnormalities[88]. A study of 27 families has been made to
see if external factors could explain the increased cancer risk [89]. The malig-
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nancies are often reticuloendothelial though carcinomas of the biliary system,
ovary and stomach have been described.

In one reported family [90], two sibs with ataxia-telangiectasia developed
mucinous gastric carcinoma before the age of 20. Their mother had also
developed gastric cancer. She must have been heterozygous for the gene for
ataxia-telangiectasia. This report raised the possibility of an increased cancer
risk in those who carry one dose of this gene. This possibility received some
support from family studies[89] as an increased susceptibility to malignant
tumours was found in heterozygotes.

Ionising radiation of ataxia-telangiectasia lymphocytes produced up to a
ten-fold excess of chromatid breaks compared with normal lymphocytes[91].
A slower repair of double strand breaks was suspected. It is interesting that
gastric cancer seems to be unduly frequent in heterozygotes for some other
recessive defects of DNA repair[87].

Heterozygotes for the ataxia-telangiectasic gene make up about 1% of the
general European population. If it is true that they share with homozygotes a
high predisposition to cancer[86], their identification becomes a matter of
considerable importance in cancer prophylaxis. There has been an encourag-
ing report of laboratory identification of heterozygotes, based on the sensitiv-
ity of lymphoblastic cell lines to ionising radiation[92].

4. SMALL BOWEL MALIGNANCY

Heredity is concerned in three conditions which predispose to small bowel
malignancy; Peutz-Jeghers syndrome, coeliac disease and Crohn’s disease.
Small bowel tumours not associated with these conditions are so uncommon
that there is little data available concerning a possible place of heredity in
their aetiology. Only isolated reports of familial aggregation have been made
and these fall into two categories, carcinoma and lymphoma. Reports of
duodenal carcinoma within families without polyposis are very rare[93], but
periampullary malignancy has been described in patients with familial polypo-
sis coli with sufficient frequency to justify its being recognised as one of the
extra-colonic manifestations of the disease and be considered a variant of
Gardner’s syndrome [94]. Reports of abdominal lymphoma in several mem-
bers of a family are also rare [95] and raise the suspicion of coeliac disease.
They have however, been associated with immunological deficiency [96].

4.1. Peurz-Jeghers Syndrome

Compared with the risk in familial polyposis coli in which the development
of malignancy is the rule, the cancer risk in Peutz-Jeghers syndrome is slight.



GUT CANCER: GENETIC ASPECTS 43

There is, however, growing evidence that the syndrome is associated with a
frequency of intestinal cancer much higher than one would expect by chance.
Because the polyps are hamartomas rather than adenomas it was at one time
thought there might be no increased cancer risk. However, by 1957 one
author had found that 13 of the 67 cases reported up to that time had
developed small bowel carcinoma[97]. Since then there has been a steady flow
of reports of carcinoma in the small bowel and elsewhere in the gastrointes-
tinal tract [98-101]. The problem has been reviewed [102]. In the latest report
a 56-year-old woman died of a duodenal carcinoma and her son died at the
age of 29 of a gastric carcinoma[103]. It was thought that the metastasising
tumours developed in hamartomatous polyps.

The genetics of Peutz-Jeghers syndrome has been reviewed [104]. There
seems little doubt that it is due to a single mutant pleiotropic gene inherited
as a mendelian dominant. Gastrointestinal polyps are not found in all carriers
of the gene, nor is mucosal pigmentation invariably present. The cutaneous
pigmentation around the mouth and eyes and on the fingers tends to fade
gradually after the age of 30 years, so parents of a case may not exhibit this
sign. Not only may patients be unaware of any other sufferers in the family,
but even examination of the relatives may fail to reveal a few polyps or
minute mucous membrane pigmentation.

Fortunately there is no clinical need to diagnose which relatives are affected
as no prophylactic measures are possible to avoid the two common complica-
tions of the polyposis — chronic blood loss and attacks of intestinal obstruction
due to intussusception. Several operations may be needed for the latter and
surgical removal should be as restricted as possible if malabsorption is to be
avoided. Even though the exact degree of risk of the development of gastroin-
testinal malignancy is still not known, it is certainly not high enough to
warrant prophylactic resection of large parts of the bowel.

4.2. Coeliac Disease

As association between steatorrhoea and malignant lymphoid tumours of
the gut was recognised 40 years ago[105] but up to 1962 the steatorrhoea was
considered to be secondary to the lymphoma (also see Chapter 12). Then it
was suggested [106] that the lymphoma was a complication of adult coeliac
disease. This suggestion was supported by further evidence [107]. Statistical
support for the concept[108] was strengthened by a significantly increased
incidence of adenocarcinoma of the G.I. tract, especially in male patients.
There was a particularly high incidence of oesophageal carcinoma but some-
what surprisingly adenocarcinoma of the jejunum has been reported only
fifteen times[109].

Failure of a newly diagnosed patient to respond to gluten withdrawal, or
the return of symptoms for no apparent reason in a patient previously well-
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controlled on a gluten-free diet, should raise the possibility that a malignant
tumour has arisen. Rising values of serum IgA may be associated with the
onset of lymphoma[110]. In a survey of the incidence of malignancy in 208
coeliacs[111], 113 had been on a strict gluten-free diet for at least twelve
months and 67 had never taken the diet. In these 180 patients there had been
12 cancer deaths and six lymphoma deaths. The authors concluded that the
gluten-free diet reduces the incidence of carcinomatous complications to
approximately that of the normal population, but in a later report[112] the
same group reported on a longer follow-up and were unable to confirm the
observation.

The magnitude of the association is yet to be uncovered, mainly because it
is only in recent years that it has been realised that relatively symptomless
coeliac disease is not uncommon in adult life. Perhaps a gluten-free diet will
become an important factor in cancer prevention. If so, an understanding of the
genetic basis of coeliac disease will be important in detecting symptomless coeliacs
who need to be on a gluten-free diet if they are to escape gastrointestinal
malignancy.

4.2.1. The Genetics of Coeliac Disease. The genetics of coeliac disease has
been intensively studied in recent years. The explanation of one incompletely
penetrant autosomal gene[l113] is unlikely. Discordant monozygotic twins
have been reported [114]. The most informative surveys have been those in
which jejunal biopsies were carried out in the relatives of coeliacs. Usually
these have shown that about ten to 12% of first-degree relatives have the flat
mucosa typical of coeliac disease [115-118]. However, only four of 72 (5.5%
first-degree relatives of 15 child coeliacs were found to have a flat mucosa
and all four were asymptomatic [119]. On the other hand 35 of 182 (19.2%)
first-degree relatives of adult coeliacs were found to have a flat mucosa, and,
though many were symptomless, each had at least one abnormality of red
cells or other evidence of malabsorption [120].

4.2.2. ldentifying Potential Coeliacs. If there is, as seems likely, a consider-
able cancer risk in coeliacs and if this risk can be lessened by adherence to a
gluten-free diet, it becomes a matter of some importance to identify coeliacs
as early as possible, perhaps even before they develop symptoms. In Western
Europe between one in 250 and one in 750 of the population has been
estimated to be coeliac. Therefore the early identification of coeliacs must
make up an important part of any large-scale cancer prevention pro-
gramme [121].

Considerable progress has been made in developing a technique for coeliac
identification without carrying out jejunal biopsy but at present it is possible
only in families in which one coeliac has already been identified. HLA typing
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of the coeliac and the first degree relatives can point to possible coeliacs who
can thereafter be examined clinically and biopsied. At first the HLA type
associated with coeliac disease was HLA-B8 but work on the B-cell antigens
has shown that DRw3 is much more strongly associated with the disease:
about 95% of coeliacs have this antigen[122,123].

It is not known for certain whether the HLA antigen itself is concerned in
the aetiology of coeliac disease or if there is linkage disequilibrium between
the HLA locus and a coeliac locus. Such a major locus cannot constitute the
whole genetic basis for the disease. Other loci and environmental factors, in
addition to wheat gluten, must influence the age of onset of symptoms of the
condition. There is a suggestion that the genes determining urinary pepsi-
nogen phenotype, alpha-1-antitrypsin and ABH secretor character may be
contributing to a coeliac genotype [124]. In cancer prevention however, merely
typing for HLA-DR within coeliac families could result in the identification
of the majority of the coeliacs or potential coeliacs.

4.3. Crohn’s Disease

The increased risk of intestinal malignancy in patients with Crohn’s disease
is not yet firmly established on a statistical basis. There have been rather
more reports of small bowel cancer than would be expected by chance
alone [125]. Carcinoma can develop in fistulous tracts[126]. Colonic Crohn’s
disease has been so recently separated from ulcerative colitis that its relation-
ship to colonic cancer may well have to wait some more years before it is
clarified, although a relationship has been suggested[127,128] Its genetic
basis is bound up with that of ulcerative colitis [129].

5. CARCINOMA OF THE LARGE INTESTINE

In this section, cancer of the colon and rectum will be considered together
as they often occur within a single family, suggesting that they are not
distinct entities.

Before proceeding to discuss what is known about the place of heridity in
sporadic colorectal cancer, mention should be made of the genetic basis of two
pre-cancerous conditions, ulcerative colitis and the polyposes.

5.1. Ulcerative Colitis

The cancer risk in ulcerative colitis may have been exaggerated in the past,
but there is certainly some risk of developing colon cancer in people who
have had total involvement of the colon by ulcerative colitis for a number of
years[130, 131]. With Crohn’s disease, the position is much less certain and
consensus of opinion is that cancer is very much less liable to develop in
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Crohn’s colitis than in ulcerative colitis.

The most striking result of studying the families of ulcerative colitis
patients is the number of relatives affected by Crohn’s disease. The converse
is also true with many relatives of Crohn’s patients having ulcerative colitis.
There is no doubt that within families there is a strong association of the two
conditions [129, 133].

An association between inflammatory bowel disease and the chromosomal
abnormality, Turner’s syndrome, has been reported [134]. Of 135 adults with
this syndrome, two developed severe ulcerative colitis and two Crohn’s dis-
ease.

There has been a report of identical male twins, one of whom developed
ulcerative colitis at the age of 6 and multifocal anaplastic colon cancer at the
age of 22[135]. His twin brother was quite healthy. Discordance for inflam-
matory bowel disease in identical twins is not unusual and there is no
evidence of an inherited tendency for colitics to develop colon cancer. Rather,
it is likely that the development of malignancy is related to long-standing
inflammatory disease, especially if it begins in youth.

Mention will be made later of a relationship between ulcerative colitis and
carcinoma of the proximal bile ducts[136].

5.2. The Large Bowel Polyposes

The cancer risk in familial polyposis of the large bowel is firmly establish-
ed [137]. Prophylactic colectomy is indicated as soon as polyposis is diagnosed.
Figures from St. Mark’s Hospital [138] show that 509% of new patients who
present because of symptoms already have carcinoma of the large bowel. On
the other hand, only 9% of polyposis patients who are traced through family
studies already have cancer. The comparable Swedish figures are 64 and 10%
respectively [139].

In a survey of the condition in Sweden no clear-cut genetic distinction was
found between families with extra-colonic manifestations (Gardner’s syn-
drome) and those without such lesions[138]. In 12 of the 32 families with
extra-colonic signs, only one member had a lesion of the Gardner type.

Conversely, families in which there have been several cases of Gardner’s
syndrome have been found to contain an individual with polyposis but no
extra-colonic lesion. The same overlap between classical familial polyposis and
Gardner’s syndrome has been found in Japan[140]. In a Baltimore study [141]
several cases of medulloblastoma were noted in child relatives of polyposis
patients. These tumours had developed at an age before colonic polyps might have
been expected.

There is therefore a good deal of evidence to support the view that Gard-
ner’s syndrome, Turcot’s syndrome and other syndromes of colonic polypsis
with extra-colonic lesions are not distinct entities. A genetic theory which



GUT CANCER: GENETIC ASPECTS 47

would explain the family data so far collected is that there is one major
pleotropic gene underlying the inheritance of all these syndromes, with other
genes determining whether or not extra-colonic manifestations develop and
also their type[142). From the data so far published, it is not clear if these
modifying genes at other loci influence the age of development of the
polyps[143], though there is evidence of some genetic predisposition in
younger colon cancer patients[144). This genetic theory received some sup-
port from skin fibroblast cultures from members of Gardner’s kindred 109, in
which increased tetraploidy occurred in cultures derived from branches with
the full Gardner’s syndrome but not in cultures derived from branches show-
ing only extra-colorectal lesions{145]. Other culture studies indicated genetic
heterogeneity, which might be attributed to modifying genes[146].

Not only are the familial polyposes of adenomatous type associated with
colonic cancer but so also are the inherited hamartomatous types such as
Peutz-Jegher’s syndrome[147] and juvenile polyposis[148], though in these
latter polyposes, carcinoma of the stomach and duodenum are more frequent
than large bowel cancer. To complete the versatility of the polyposes, some
patients with familial polyposis of the colon have polyps in the stomach and
can develop gastric carcinoma[149] and, as mentioned earlier, ampullary car-
cinoma occurs in both Gardner’s syndrome[94] and familial colonic polypo-
sis[150]. Another family had members with colonic polyps and with gastric
polyps, and one with a medulloblastoma of the cerebellum{151]. There were
sebaceous cysts but no osseous lesions in this family. Both colonic and gastric
cancer had occurred. There seems to be no limit to the permutations of
lesions within families and this is in keeping with the genetic theory men-
tioned above. Theoretically one family could have so many of the modifying

genes that the various members could have skin, gastric, osseous and cerebral
lesions[142].

5.3. Inherited Colon Cancers without Polyposis

In the introduction of this chapter reference was made to the Cancer
Family Syndrome or Adenocarcinomatosis, in which cancers of the colon
develop in some members along with uterine or breast cancers in other family
members. There are in addition inherited types of large bowel cancer not
associated with polyposis. The inherited polyposis conditions probably account
for 1% or less of all large bowel cancers whilst the inherited types not
associated with polyposis account for at least 10% and perhaps 25% of the
total [8, 152].

The largest group of colon cancer families are those with Cancer Family
Syndrome described previously. Families in which only colonic cancer occurs
may be a variant of these, as the cancers share the characteristics of a
dominant mode of inheritance, an early age of onset, and multiple cancers of
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the large bowel, particularly in the proximal colon[12]. A third type of
hereditary colonic cancer is that in which some family members develop
stomach cancer. In this hereditary gastrocolonic cancer, there may be double
primaries in one individual or a combination of single primaries among
relatives [152].

In Muir’s or Torre’s syndrome[153, 154], multiple skin tumours occur in
conjunction with large bowel cancer. Some relatives may have duodenal,
gastric or urinary tract malignancy and the syndrome has a dominant mode of
inheritance. It may be part of the cancer family syndrome but it seems likely
that it is a distinct clinicogenetic entity [152]. An isolated report of colon
cancer in a family with the nail-patella syndrome raises the possibility of an
association with this condition, which has a mendelian dominant mode of
inheritance[155]. A man and two of his daughters died of colonic cancer.

It is difficult not to conclude that a simple major gene for colonic cancer is
operating in a family in which 27 cases had developed by 1972[156]. Of 50
deaths in the family, 22 have been due to cancer of the colon and rectum and
no environmental basis was postulated because they lived in a circumscribed
area and no special family quirks of dietary habit were discovered. An
alternative explanation is that there exists in this type of family[157] a form
of polyposis with very few polyps determined by a single gene. Consistent
with this possibility is a large family in which solitary polyps were found in
nearly 50% of one generation and in which a third of the previous generation
had died of gastrointestinal cancer[158]. Such small adenomatous lesions of
the rectum and sigmoid might easily be missed, and the cases of cancer
would then be considered to be ordinary sporadic carcinoma.

5.4. Sporadic large Bowel Cancer

The incidence of large bowel cancer varies approximately ten-fold from one
part of the world to another. It is common in the British Isles, -North
America, Australasia and Denmark, but relatively rare in countries where
carcinoma of the stomach is common, such as Poland, Finland, Iceland and
Japan. In Africa it is particularly rare, except in the white population of South
Africa. There are no localities with extremely high incidence as is found with
carcinoma of the oesophagus.

5.4.1. Incidence in Relatives. Each of the studies that have been made of
the incidence of colonic cancer in the relatives of patients with the disease
have showed a much higher figure than that in controls. In one survey [159]
26 of 763 relatives had died of large bowel cancer compared with 8 of 763
controls. In another[49] the finding was 31 cases in 392 relatives compared
with 9.7 expected. In a painstaking survey of the causes of death in the
families of 209 patients who had been admitted to St. Mark’s Hospital,
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London [18], the overall percentage of large bowel cancer in 430 first-degree
relatives was 10.9%. The number of large bowel malignancies in the 218
males was 25 (expected 4.5) and in the 212 females it was 22 (expected 6.3).
Among the 209 patients investigated, eight were aged 40 or under when their
cancer was diagnosed. Of these eight, five had at least one affected relative. Of
the 15 index cases who had eight or more adenomas in the specimen of
bowel removed at operation, eight had a positive family history. Of the seven
index cases who had two or more carcinomas in the bowel, three had a
positive family history. Of the seven index cases who gave a history of
previous carcinoma of the large bowel, five had a positive family history.

These findings indicate that if a patient with large bowel cancer has a
positive family history, the clinician should examine the bowel carefully for
neoplasms other than the presenting lesion. After operation he should be
followed up because of the increased risk that he may develop a new primary
tumour.

There has been an excellent survey of the individuals at high risk for large
bowel cancer[161], which includes a review of the genetics of spontaneous
colon cancer in rats. This rodent model develops cancer of the ascending
colon resembling the human familial aggregates of colon cancer.

5.4.2. Incidence in Spouses. There has been one study that has shown a
high incidence of large bowel cancer in the spouses of large bowel cancer
patients [18]. Of 34 spouses who had died, death certificates were obtained for
27 and three had died of large bowel cancer. This 11% incidence in spouses
was similar to the 10.9% incidence in the relatives of this study and much
higher than the 3% mortality in the general London population.

These London data suggest that the increased incidence in relatives of large
bowel cancer patients is due to the environment rather than genetic factors.
On the other hand, in a large-scale survey of mortality of married couples in
Sweden (162), it was found that 1 716 people had died of colorectal cancer in
1961. The cause of death was determined in 1 094 of their spouses (99.6% of
those eligible for the survey), and it was found that the risk of colorectal
cancer and other possibly aetiologically related diseases was no higher in the
spouses than in a matched population. The authors concluded that if eating a
diet identical with that of patients with bowel cancer is not associated with an
increased risk, the current view of colon cancer aetiology may need to be
revised and dietary patterns before marriage investigated. Studies of the risk
in sibships would be an important approach.

5.4.3. Clinical Implications. There are certain clinical conclusions that can
be drawn from these data as to whether there is a quantitative inherited
tendency to develop sporadic large bowel cancer or whether large bowel
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cancer is mainly environmental in origin, the inherited type being found only
in certain families. These clinical conclusions are that, if a patient with large
bowel cancer gives a family history that includes a relative who has had
bowel cancer, then the whole of his bowel must be thoroughly examined to
exclude other lesions as he may well have two separate cancers at the time of
first presentation. If any bowel remains after the initial operation, he must be
followed up regularly in case a new primary carcinoma develops.

The occurrence of carcinoma of the large bowel in someone under the age
of 40, someone who has eight or more adenomas in the operative specimen
removed for carcinoma of the colon, or someone who has two or more
carcinomas at presentation means that the risk in other members of his
family is considerable and they should be warned to report immediately any
intestinal symptoms. They also ought to undergo periodic surveillance with
occult blood testing and colonoscopy.

6. CARCINOMA OF THE PANCREAS

There are marked geographically differences in the incidence of pancreatic
carcinoma[163, 164]. The highest frequencies are in Western and industrial-
ised countries, but all races can be affected. There is a considerable male
preponderance. An association with heavy alcohol consumption is likely and
diabetics have a two-fold increased risk of developing the disease[165]. The
incidence in the United States appears to be increasing at the same time as
gastric cancer has been decreasing.

Family aggregations of pancreatic cancer continue to be reported, such as
four siblings[166], four brothers[167], two sisters[168] and father and
son [169)]. These cancers developed over the age of 60 and not at an early age
as one might expect if the underlying genetic cause was the Cancer Family
Syndrome or hereditary pancreatitis. It is difficult to attribute such aggrega-
tions to chance or a unique environmental agent. At one time it was consid-
ered that chronic pancreatitis predisposed to the development of pancreatic
cancer[170] but recent data do not show any connection between the two
conditions [165].

The only firm evidence of a genetic influence in pancreatic cancer is that
there is a high risk in hereditary pancreatitis and malignant islet cell tumours
of the endocrine pancreas occur in multiple endocrine neoplasia, Type 1.

6.1. Hereditary Pancreatitis

Since the first report in 1952[171], many families have been described in
which chronic calcifying pancreatitis is inherited in an autosomal mendelian
dominant manner, even though penetrance is not complete. Nearly thirty
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large families have been reported, mainly in the United States[172] and the
United Kingdom[173]. In some families the affected individuals have amino-
aciduria, which may be secondary to the disease. In others, pancreatic duct
anomalies are found and it is possible that the genetic abnormality is at the
sphincter of Oddi rather than in the substance of the gland. Against this is the
frequent finding of pancreatic calcification in members of these families who
have minimal symptoms.

The disease is similar to sporadic chronic pancreatitis with the development
of steatorrhoea and diabetes, but the age of onset of abdominal pain ranges
from four to 14 years. The pathological features are also very similar. Though
childhood onset is the rule, families with several adult-onset cases have been
reported [174]. Among 300 adult cases in France, three families of this type
were found [175]. Another report is of a 61-year-old man whose first attack of
pain was at 17 years of age, and whose daughter and grand-daughter became
symptomatic at 12 and 9 years respectively [176]. At the present time the
position is uncertain, but it seems possible that there is no clear-cut genetic
distinction between hereditary pancreatitis and many cases of sporadic adult
chronic calcifying pancreatitis.

Attention was first drawn to the cancer risk in hereditary pancreatitis in
1968 [177]. It was thought that possibly as many as 30% developed carcinoma
of the pancreas and this rate was found in another review [178]. On the other
hand in three kindred reported later, only 8 of 54 deaths were found to have
been due to pancreatic carcinoma[l79] and none was found in 72 patients
from seven families[173]. Members of hereditary pancreatitis families have

developed pancreatic carcinoma without having had clinical pancreati-
tis[178].

6.2. Multiple Endocrine Neoplasia

Islet cell tumors are commonly familial, many of them being the gastroin-
testinal expression of multiple endocrine neoplasia I, MEN I, characterised by
tumours in the pituitary, parathyroids, adrenal cortex and pancreas (also see
chapter 00). The islet-cell lesion is the most likely to be malignant. MEN I is
inherited as an autosomal dominant disorder [180]. Penetrance is nearly com-
plete if at-risk individuals below the age of 20 are excluded. Parathyroid or
pancreatic tumours are present in over 75% of affected individuals, pituitary
involvement in nearly 66% and the adrenal in about 33%. The various
endocrine glands are usually not affected simultaneously, so long-term eva-
luation is needed to assess the degree of expressivity.

The genetic entity of MEN I may not be as clear cut as previously thought
as a family has been reported with features of MEN I and II[181] and a
14-year-old Japanese boy with bilateral pheochromocytoma and an islet cell
tumour has been described [182].
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Considerable phenotypic variability is found within individual families, but
hormone radioimmunoassay has been of great help in diagnosing asympto-
matic family members. When ten Zollinger-Ellison patients were stu-
died [183], seven were found to have co-existing endocrine disease and six
were members of MEN 1 families. During the study of 109 family members,
four previously undiagnosed cases of pituitary tumour, 17 of hyperparathy-
roidism, seven Zollinger-Ellison syndrome and one insulinoma were found.

The proportion of cases of Zollinger-Ellison syndrome who are part of
multiple endocrine neoplasia is uncertain but it is at least 40%. Patients
presenting over 60 years of age, whose parents were endocrinologically nor-
mal, are probably sporadic cases and their sibs and offspring need have little
concern, but any young adult patient should be considered to have the
genetic form of the disease until proved otherwise. Relatives younger than the
patients may not have had time to develop any facet of the syndrome and
one or other parent may be affected but asymptomatic. Yearly assessment of
gastric acid secretion and measurement of serum gastrin levels in those at risk
should be carried out in an attempt to detect the potentially malignant islet
cell lesion. Serum calcium estimation, parathormone assay and roentgeno-
grams of the pituitary fossa are also advisable.

7. CARCINOMA OF LIVER

Malignant hepatoma in Europe and North America usually develops in a
cirrhotic liver (see Chapter 14). Among the genetic causes of cirrhosis is
haemochromatosis, which was though to have a dominant mode of inheri-
tance[184]. There have been several studies of HLA antigens in patients with
this disease and in their families [185]. In one large French investigation [186]
it was concluded that the disease is determined by two homologous alleles
giving recessive inheritance. The data from various sources are difficult to
interpret but it seems likely that the genetic basis of haemochromatosis is a
polygenic system with at least one major gene, which may be HLA-A3 or a
gene on chromosome 6 in linkage disequelibrium with it. Some of the genes
are probably responsible for increased exchange of iron from plasma to storage,
and others for increased iron absorption and increased serum iron.

The early detection of affected family members and subsequent regular
venesections should prevent the onset of cirrhosis and therefore of malignant
hepatoma. Though malignant hepatoma is much less common in Wilson's
disease than in haemochromatosis [187], hepatoma also should be preventable
by effective treatment of patients with Wilson’s disease with D-penicillamine.
Wilson’s disease has recessive inheritance.

Other inherited conditions that can result in malignant hepatoma are fa-
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milial cholestatic cirrhosis of childhood [188], familial liver-cell adenoma[189]
and alpha-1-antitrypsin deficiency [190]. Hepatoblastoma has been reported in
infant sisters[191] and infant sister and brother[192]. In the Fanconi syn-
drome, it is uncertain whether hepatoma is a complication of the disease or of
oral androgen therapy, but some patients have developed hepatic carcinoma
without androgen treatment [193].

In cirrhosis not due to recognisable inborn errors of metabolism, there is a
definite though not strong familial tendency [184], which is probably genetic
rather than due to the common environment even though reports of familial
hepatoma are rare[194, 195]. In a study of 254 patients who had died with
cirrhosis, 24% had developed hepatocellular carcinoma[196]. HBsAg-positive
chronic active hepatitis was identified as a high risk group with malignancy in
42%. In the same paper, it was noted that ten of 16 liver cancer patients who
did not have cirrhosis had a family history of various cancers. The father of
one of these patients had also died of primary liver cancer. In another family
two HBsAg-positive brothers had had hepatocellular carcinoma but a third
brother, also HBsAg-positive, has not yet developed liver cancer[197].

8. CARCINOMA OF GALL BLADDER AND BILE DUCTS

There is evidence of an association between gall stones and gall bladder
neoplasms in Israel[198] and in American Indians[199]. The genetic basis of
gall stones is not simple{200]. Controlled studies have shown that the inci-
dence in sibs of patients is higher than in controls. Parents of patients affected
at an early age suffered more often from gall stone disease than did parents of
controls. The bile of sisters of young women operated on for gall stones was
found to be more lithogenic than that of controls.

It has already been noted that a review of 103 patients with cancer of bile
ducts had shown that eight had ulcerative colitis [130]. In three the carcinoma
of the bile duct developed several years after colectomy, suggesting genetic
factors common to the colitis and the malignancy. Seven of the eight were
significantly younger than the median age of the group as a whole, but
otherwise there was no other apparent difference. Though this relationship
suggests a genetic basis for some cases of bile duct cancer, it should be noted
that carcinoma of the bile ducts has been reported in a 45-year-old man
(hepatic duct) and his 44-year-old wife (ampulla), both tumours developing in
the same year[201]. This is a good illustration of the fact that familial
occurrences need not be genetic.
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3. Systemic Manifestations of Gut Malignancy

LLOYD G. BARTHOLOMEW and ALLAN J. SCHUTT

The familiar malignancy of the gastrointestinal tract may present some
difficulty in early diagnosis but is ultimately recognized by its local effect on
the organ involved, as well as by symptoms from dysfunction of adjacent
viscera. Adding another dimension to the problem of diagnosis of gastrointes-
tinal malignancies is the unusual tumor that may or may not have local
manifestations but predominantly presents systemic symptoms foreign to the
accepted function of the cells of the gastrointestinal tract. These aberrant
symptoms may be due to the production of abnormal hormones, cellular
metabolites with generalized endocrine disturbances, immunologic reactions,
or other metabolic abnormalities that are even less well understood. The size
and duration of the primary tumor and the presence or absence of metastasis
frequently have little or no correlation with the systemic presentation. A few
genetic syndromes may make their appearance known with systemic features
which, if recognized, may provide early diagnostic clues heralding the pres-
ence of an underlying gastrointestinal lesion carrying a high risk of future
carcinoma.

This chapter, for convenience of presentation, will be subdivided into the
body systems primarily affected: dermatologic, cardiovascular, hematologic,
endocrine and metabolic, neuromuscular, rheumatologic, renal, and gastroin-
testinal.

1. DERMATOLOGIC MANIFESTATIONS

Cutaneous changes associated with an internal malignancy are varied and
common. Some are easily detected, while others are subtle and their recogni-
tion, by either the patient or the physician, is fortuitous. Because such
cutaneous manifestations may be the first indication of a serious underlying
disease, all physicians should be mindful of these danger signs. The major

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 63-96. All rights reserved.
Copyright © 1981 Martinus Nijhoff Publishers, The Hague/Boston/London.



64 L.G. BARTHOLOMEW and A.J. SCHUTT

skin manifestations can be readily recognized, and if a physician is in doubt,
dermatologic consultation should be sought immediately. Although skin
manifestations often signal a poor or very serious prognosis, there are enough
instances of probable cures with early recognition that one cannot take a
fatalistic attitude toward their presence.

1.1. Acanthosis Nigricans

Acanthosis nigricans is a symmetric verrucous, velvety hyperplasia of the
skin associated with hyperpigmentation that varies from brown to black. The
lesions are located primarily in the flexural areas, in the body folds of the
axilla (Figure 1), lower part of the back, neck, groin, and antecubital spaces,
and on the palms and soles. When extensive, the lesions may involve the
areolae, umbilicus, perineum, wrists, lips, palate, and mucous membranes. On
first glance, the pigmentation may be overlooked as evidence of poor body
hygiene, particularly before the lesions have become elevated from the surface
of the skin.

A benign variant of acanthosis nigricans is seen in obese young adults,
often with a familial background, and is also occasionally seen in patients
who chronically ingest drugs such as corticosteroids and nicotinic acid. Acan-
thosis also may be related to endocrine disorders, including insulin-resistant
diabetes, hyperlipidemia, congenital lipodystrophy, growth abnormalities, and
several forms of hepatic cirrhosis.

In a study at the Mayo Clinic[l] of 90 patients with acanthosis nigricans,
17 with malignancies were noted, including 13 with adenocarcinomas and
four with lymphomas. Of the adenocarcinomas, approximately one half were
in the gastrointestinal tract and included often highly anaplastic lesions in the

Figure 1. Acanthosis nigricans in axilla.
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stomach, pancreas, and colon. Acanthosis nigricans may precede symptoms of
a malignancy by months to years, as noted in 78% of patients described by
Curth er al.[2], and may disappear when the primary tumor is removed.

Figure 2. Dermatomyositis involving face, neck, and upper part of chest.

Figure 3. Dermatomyositis involving extensor surfaces of hands.
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Return of the skin lesion suggests regrowth or metastasis of the malignancy.
The prognosis is invariably poor in these circumstances. In most series, the
average survival time of the patient after discovery of the neoplasm has been
less than a year. Although the younger patient is usually considered to have
the benign form, one 23-year-old patient in the Mayo Clinic series had
acanthosis associated with malignancy.

1.2. Dermatomyositis

Dermatomyositis involves principally the skin, muscle, and blood vessels
and has characteristic erythematous and edematous cutaneous findings asso-
ciated with muscle weakness and inflammation. The proximal muscles are
usually initially involved, with aching and weakness soon developing into
painful and tender myositis. A violaceous hue or a purplish-red heliotropic
erythema, usually seen on the eyelids, cheeks, forehead, and temples (‘ mal-
ignant erythema’), is considered characteristic of this disease (Figure 2). These
skin changes also occur over the extensor surface of the forearms, upper back,
and hands and are accentuated over the base of the nails and the dorsa of the
fingers (Figure 3), especially over the joints and knuckles. When the process
is healing, a telangiectatic erythema develops in areas of atrophy and scar-
ring.

In collected series[3-5], carcinoma has been found in 15-50% of the
patients. The skin changes may precede the neoplasm by days to years, with
an average of 6 months. Associated malignant lesions include those of pri-
mary origin in the breast, rectum, and stomach, but the gallbladder, large
bowel, and esophagus have been involved with acanthosis nigricans and the
skin condition reappears with recurrence of the tumor. The mechanism of this
association is unknown, but a relationship has been suggested either to a
material produced by the tumor or to an immunologic mechanism. In a
review by Williams|[5] of 590 cases of dermatomyositis, a 15% overall inci-
dence of carcinoma was noted. In the Mayo Clinic series of 270 patients [4],
the incidence of carcinoma in all age groups was 6.7%. However, in the 18
patients with malignancy, none was less than 40 years old, giving an inci-
dence of 17% in the group 40 years or older.

1.3. Nodular Fat Necrosis

Painful nodular lesions, particularly of the lower extremity, immediately
suggest erythema nodosum, erythema induratum, and generalized diseases
that are often associated with them. In the same category, a much rarer lesion
is nodular fat necrosis[6, 7]. The condition may be due to excessive produc-
tion of lipase from functioning pancreatic acinar cell carcinoma. This results
in widespread panniculitis with nodular lesions not only on the lower extrem-
ity (Figure 4) but also on the lower abdominal wall. Although the lesions
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Figure 4. Subcutaneous nodular lesions of nodular fat necrosis.

resemble the other nodular erythemas, biopsy will disclose fat necrosis. The
high levels of lipase seen in these situations also produce fat necrosis in the
bone marrow, with resultant bone pain, polyarthralgias, and eosinophilia. The
presence of persistent hyperlipasemia and nodular lesions of the lower
extremity is usually associated with carcinoma of the pancreas. On a few
occasions, these have been seen with recurrent and chronic pancreatitis.

1.4. Tylosis

Keratosis palmaris et plantaris is characterized by symmetric thickening of
the skin of the hands and feet, generally confined to the palms and soles but
with some extension onto the dorsal surfaces. Painful fissuring and local
hyperhidrosis are common. ‘ Tylos,” from the Greek word meaning ‘ woody,’
accurately describes the condition of the palms and soles. Two forms of
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tylosis are distinguishable: type A, which has a rather variable age at onset
from 5 to 15 years, and type B, which is diagnosable as early as the first year
of life. Type B is also distinguishable from type A by the sharply delineated
edges of the lesion, a uniform thickness of the keratosis, and the relative
rarity of painful fissuring. Type B is considered to be a localized disease and
unassociated with systemic manifestations.

Type A, however, has occurred in families and has been associated with a
high incidence of squamous cell carcinoma of the esophagus. The two types
of tylosis are most likely due to different genes, and because of the serious
outcome in one form, the two varieties should be differentiated. In 1958,
Howel-Evans et al. [8] reported two families from Liverpool in which 18
members eventually had carcinoma of the esophagus. All 18 patients, with
the possible exception of one, had tylosis. In these families, no member
unaffected by tylosis had esophageal carcinoma. The condition is considered
to be an autosomal dominant inherited condition, and 70% of persons with
dominant inheritance of tylosis die of squamous cell carcinoma of the esopha-
gus. Howel-Evans and associates noted a marked association between tylosis
and carcinoma of the esophagus, since 18 of 48 members with tylosis devel-
oped esophageal carcinoma, whereas only one of 87 members without tylosis
had esophageal cancer; and the one patient may have had tylosis. There
appeared to be an equal incidence in both males and females. In 1959, Clarke
et al. [9] stated that healthy tylotic persons in these families had a 95%
chance of this carcinoma developing between the ages of 26 and 63 years if
they had not meanwhile died from some other cause. Some of the families
with tylosis have had congenitally abnormal esophagi. In one family[10],
dysphagia began in early infancy, suggesting that the abnormality might be
congenital, with an acquired stricture later, secondary to fibrosis and reflux
esophagitis. In both these instances, the presence of gastric mucosa lining the
lower esophagus was noted. In all the reports, the esophageal carcinoma was
squamous cell, with no mention of adenocarcinoma (see Chapters 2 and 4).

1.5. Miscellaneous Cutaneous Reactions

Generalized pruritus, unexplained on the basis of other cutaneous lesions,
is often associated with an intra-abdominal malignancy. The most common
type, as far as the gastrointestinal tract is concerned, is that associated with
obstructive jaundice. Other common intra-abdominal lesions associated with
pruritus are lymphomas, Hodgkin’s disease, and carcinoma of the stomach.
Pemphigoid lesions characterized by subepidermal blisters and bullous lesions
have been reported to be associated with gastric and pancreatic carcinoma.

Much controversy exists regarding the significance of herpes zoster because
of its common occurrence in older people. Its diagnosis is readily apparent,
but determining its significance relative to an underlying malignancy may
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present problems. Herpes zoster in an older person should be of concern if the
patient is not in good health. Although herpes is a viral infection, its devel-
opment coincidentally with a visceral malignancy may be the result of depres-
sion of the immune response in patients with malignancies such as lympho-
mas or leukemia. In solid tumors, including carcinomas of the breast, uterus,
ovary, and stomach, herpes zoster is more commonly seen in immunosup-
pressed patients with advanced disease or after radiotherapy or chemotherapy.
Its characteristic unilateral nerve root distribution may be the first clue to
metastatic involvement of the spinal cord at the appropriate level.

Multiple neurofibromatosis (von Recklinghausen’s disease) varies from a
forme fruste to hundreds of soft subcutaneous neurofibromas. Most patients,
however, present with a few skin tumors, and the lesions are recognized by
the associated café-au-lait spots. Gastrointestinal manifestations have been
recognized in association with multiple neurofibromatosis{11,12]. These
include ulceration, bleeding, obstruction, and associated malignancies. In
addition to the expected benign neurofibromas of the gastrointestinal tract,
other tumors, some malignant, have been noted, including neurilemmomas,
leiomyomas, and leiomyosarcomas[13]. Other bowel lesions associated with
this condition are polypoid ganglioneurofibromatosis of the large bowel and
neurogenic fibromas.

An unusual but intriguing cutaneous clue to an underlying malignancy is
acquired hypertrichosis lanuginosa{l4, 15]. Lanugo refers to fetal-type hair,
and its sudden occurrence should not be overlooked. It has been reported in
association with malignancies of the rectum, colon, gallbladder, breast, blad-
der, and lung.

1.6. Genetic Disorders

Two rare but striking examples of genetic disorders involving the gastroin-
testinal tract are Gardner’s syndrome and Peutz-Jeghers syndrome. The skin
manifestations in each instance usually cause few symptoms, but they should
alert the physician to potentially serious gastrointestinal disease, often before
any symptoms are evident.

Gardner’s syndrome [16-18] is probably a variant of familial polyposis of
the colon and consists of multiple polyps of the colon and occasionally of the
small bowel and stomach. Cutaneous clues to the diagnosis are its association
with multiple subcutaneous sebaceous adenomas, desmoids, fibromas of the
trunk and extremities, bony changes consisting of osteomas and osteochon-
dromas, and dental anomalies. The bony lesions occur in the long bones, the
facial bones along the mandible, or the pelvis. Early recognition of Gardner’s
syndrome is important because it invariably results in carcinoma of the colon.
Such malignant transformation may occur in the young, having been seen as
early as the teens. The colonic lesions may remain completely asymptomatic
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until malignant change has developed. Early recognition of this disease
should lead to proper therapy, which in almost all instances consists of total
colectomy with a permanent ileostomy. Modern surgery, however, offers
some options, such as the continent pouch or ileoanal pull-through with
salvage of the anal sphincter. Offering such radical treatment to a young
asymptomatic patient is fraught with many difficulties, but large-bowel cancer
almost always develops prematurely — the median age being about 40 years.
Until recently, this type of radical surgery was believed to protect the patient
with Gardner’s syndrome from any future bowel malignancy. Unfortunately,
in recent years [19], carcinoma of the duodenum or ampullary region has been
noted in such a significant number of patients as to suggest more than a
chance occurrence. Therefore, even with the best treatment available, contin-
ued surveillance of these patients, with frequent examination of the stomach
and duodenum, should be considered. With the development of polyploid lesions,
particularly in the duodenal area, further surgery at that time will need to be
considered.

To a lesser degree, Peutz-Jeghers syndrome presents some of the problems
associated with Gardner’s syndrome. Peutz-Jeghers syndrome [20-22] consists
of mucocutaneous melanin pigmentation on the lips (Figure 5), mucous
membrane, skin around the facial orifices, and occasionally the extremities. [t
is associated with widespread gastrointestinal polyposis of the stomach, small
bowel, and colon. Histologic study reveals that the polyps are hamartomatous,
with an abnormal amount of normal tissue in its usual location. The potential
for malignancy has been considered to be no greater than that of normal
tissue. In more recent years, as more cases have been recognized, malignant
changes in Peutz-Jeghers syndrome have been reported [23-26]. Whether

Figure 5. Melanin freckles of lips in Peutz-Jeghers syndrome.
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these changes occur in hamartomatous polyps or in the surrounding mucosa,
one cannot be certain. The reported increased incidence of carcinomas in
Peutz-Jeghers syndrome has been in areas of the bowel where malignancy is
extremely rare, for example, the duodenum and small intestine. A few ma-
lignancies have been noted in the gastric antrum and rectum. The photomi-
crographic material in past reports does not always give enough detail to
completely convince one as to the exact origin of the malignancy. One
expects the normal incidence of carcinoma in Peutz-Jeghers syndrome, so it is
not unusual that a few cases have been reported.

In a recent study of 48 patients at the Mayo Clinic[27] followed up from-1
to 47 years, with a median period of 33 years, no evidence of gastrointestinal
malignancy was noted. However, six patients had malignancies of miscella-
neous sites, including two with lung cancers and one each with cancer of the
breast, biliary tract, kidney, and uterus. Also, women between 40 and 60
years of age but especially those less than 25 years old with Peutz-Jeghers
syndrome have an increased incidence of ovarian neoplasms, varying from
cysts and cystadenomas to the more unusual types such as dysgerminomas,
Sertoli cell carcinoma, and the very rare sex cord tumor with annular
tubules [23, 25, 28].

2. CARDIOVASCULAR MANIFESTATIONS

Hypercoagulability of the blood can manifest itself in various vascular
phenomena. Spontaneous thrombophlebitis[29] in an apparently healthy per-
son more than 50 years old usually initiates an extensive diagnostic search for
an occult malignancy. The thrombophlebitis may be superficial-or deep and is
often migratory and multiple. Poor response to anticoagulation therapy and
the development of pulmonary emboli during such therapy further suggest an
undiagnosed malignancy. Other ominous signs include anemia, elevated sedi-
mentation rate, and abnormal serum protein levels. The common primary
sites of tumor origin include lungs, pancreas, and prostate and, to a lesser
extent, the ovaries, stomach, large bowel, and lymphatic system.

Altered coagulability of the blood from many causes, including malignant
disease, may rapidly lead to devastating vascular changes in the form cur-
rently recognized as disseminated intravascular coagulation. In these circum-
stances, the prognosis is poor and the disease progresses so rapidly that there
may be no opportunity to search for an underlying disease.

Painless nonpitting swelling of the lower extremities may be the first sign
of lymphatic obstruction secondary to a pelvic malignancy. Local inflamma-
tory signs are conspicuously absent, and the change in size of the extremity
may be all that is apparent. This syndrome may be seen with pelvic metas-
tases from carcinoma of the large bowel, ovary, and prostate, and from pelvic
lymphoma.
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Transient or persistent ischemic changes[30-32] in an extremity may be
associated with an altered state of coagulation, sympathetic overactivity, or
peripheral emboli. These changes are clinically manifested by Raynaud’s
phenomenon, acrocyanosis, and ulceration and may progress to gangrene of
the extremity. The development of these symptoms later in life, particularly
in women with no previous personal or family history of such vascular
changes, suggests the possibility of an occult malignancy. Characteristically,
there is an abrupt onset, with bilateral distribution and rapid progression to
digital ulceration and gangrene. The search for the cause has demonstrated
primary malignancies in the pancreas, large bowel, or small bowel as well as
the kidney, ovary, and lymph nodes. Usually, the sympathetic nervous sys-
tem has not been infiltrated by the malignancy. Some as yet unidentified
humoral or coagulation factor has been postulated as being responsible for
these distal vascular changes. The prognosis is considered poor, although
apparent complete remission of vascular symptoms has occurred with excision
of the tumor.

3. HEMATOLOGIC MANIFESTATIONS

Cancer of the digestive tract often betrays its presence by effects on either
the formed or the humoral components of the blood. Various hematologic
manifestations have been associated with an underlying gastrointestinal neo-
plasm secondary either to quantitative or functional deficiency or to excess of
elements of both the major blood cell lines and the blood proteins.

Anemia and erythrocytosis, leukopenia and leukemoid reactions, thrombo-
cytopenia and thrombocytosis, bleeding syndromes and thrombosing tenden-
cy, hypoproteinemia or excess of one or more normal or abnormal serum
proteins, and immune deficiency or hypersensitivity phenomena have all been
described as systemic effects of neoplasia of the alimentary tract. These
paraneoplastic effects vary in frequency from blood-loss anemia, a common
diagnostic hallmark of gastrointestinal cancer, to rare hemolytic varieties.

3.1. Anemia

Anemias associated with gastrointestinal cancer can be produced by several
mechanisms often acting in concert. Specific treatment for these anemias may
be available when the cause is identified. Seventy percent of patients with
adenocarcinoma of the right colon present with a hypochromic, microcytic
anemia related to iron deficiency from chronic, insidious loss of blood.
Although iron replacement may improve the anemia temporarily, the obvious
treatment is surgical excision of the bleeding lesion.

Macrocytic anemia secondary to vitamin B,, deficiency may develop in
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patients who have gastric carcinoma associated with pernicious anemia or
after total gastrectomy, extensive ileal resection, intestinal loop stasis with
bacterial overgrowth due to surgery, radiation therapy, or chronic carcinoma-
tous obstruction. Folate deficiency may cause macrocytic anemia when hepa-
toma develops in patients with cirrhosis.

Hemolytic anemia, either immune or mechanical in origin, is a rare event
as a dominant syndrome in patients with malignant neoplasms of the
digestive system. Coombs-positive hemolytic anemia accompanied either gas-
tric or large-bowel carcinoma in three of 16 patients who had autoimmune
hemolytic anemia associated with carcinoma reported by Spiral and
Lynch[33]. Miura et al. [34] described a patient with localized adenocarcinoma
of the colon who died of steroid-resistant Coombs-positive hemolytic anem-
ia.

Microangiopathic hemolytic anemia characterized by the presence in the
peripheral blood of a large number of schistocytes (fragmented erythrocytes
with a short half-life), often with thrombocytopenia and laboratory evidence
of disseminated intravascular coagulopathy, is associated with a very poor
prognosis. This pattern can be seen in a number of disease states, including
metastatic adenocarcinoma from the gut. The hemolytic anemia usually has
an acute onset and is severe, rapidly progressive, resistant to therapy, and
almost invariably fatal. The mechanism of red cell fragmentation is consid-
ered to be the mechanical forces generated by flow turbulence secondary to
the intravascular deposition of fibrin strands induced by the mucin secreted
by adenocarcinoma cells. In 37 cases of microangiopathic hemolytic anemia
with carcinoma reported by Lohrmann and associates[35], metastatic gastric
and breast adenocarcinomas were the most frequent. Other metastatic carci-
nomas of primary digestive tract origin included those from the colon, pan-
creas, and gallbladder. Microangiopathic hemolytic anemia also may be secon-
dary to hemangioendothelioma of the liver, as reported in four cases by
Alpert and Benisch [36], analogous to the thrombocytopenia seen in patients
with cavernous hemangioma (Kasabach-Merritt syndrome). Presumably, the
cells are fragmented in the rapid blood flow through distorted abnormal
vascular channels present in these very vascular neoplasms. Shortened red
cell survival also may occasionally be due to hypersplenism caused by con-
gestive splenomegaly from obstruction of the splenic vein by pancreatic car-
cinoma.

The normochromic, normocytic anemia commonly observed in patients
with advanced or metastatic gut cancer and many other chronic diseases has
multiple causes, including reduced erythropoiesis, poor marrow utilization of
iron, and low-grade hemolysis or chronic compensated disseminated intravas-
cular coagulation. Plasma volume is increased in many of these patients,
causing a falsely low hemoglobin level secondary to hemodilution. Normo-
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chromic anemia may be prominent in patients who have been heavily treated
with radiation or myelosuppressive chemotherapeutic drugs, particularly those
with cumulative marrow toxicity, such as the nitrosoureas or mitomycin C.
Bone marrow infiltration with metastatic carcinoma cells may sometimes be
seen with gastrointestinal carcinoma. These patients may manifest a nor-
mochromic, normocytic anemia due to myelophthisic anemia and a leukoery-
throblastic smear.

3.2. Erythrocytosis

The only carcinoma of the digestive tract that produces paraneoplastic
erythrocytosis is hepatoma. Thorling [37)] collected 64 cases of this association,
of which only one involved a female. Although erythropoietin is technically
difficult to demonstrate consistently, evidence points to its excessive produc-
tion by tumor cells as the cause of erythrocytosis in these patients. While
most hepatomas are not resectable, when complete tumor resection has been
possible, the erythrocytosis has subsided. Of 448 patients with hepatoma from
four reported series, 31 (7%) had documented erythrocytosis. This compares
with an incidence of 20% in cerebellar hemangioblastoma and about 3% in
renal cell carcinoma. Because renal cell carcinoma is a far more common
neoplasm, most of the reports of paraneoplastic erythrocytosis that Hammond
and Winnick [38] collected from the literature were associated with renal cell
carcinoma.

3.3. Leukocytosis

Transient leukocytosis often is observed in patients with gastrointestinal
cancer after an acute bleeding episode. Many patients with gastrointestinal
carcinoma have persistent leukocytosis in the absence of infection, particularly
those with advanced or metastatic disease. The leukocytosis may progress to a
leukemoid reaction that resembles leukemia, although with a more ordetly
progression to mature forms and a nonleukemic marrow pattern. The possi-
bility of infection, particularly miliary tuberculosis, should always be
excluded, as it is a more common inciting’ factor of leukemoid reactions.
When a malignant solid tumor causes a leukemoid reaction, metastatic dis-
ease is usually present, and while the neurophilic line is most commonly
affected, eosinophilic and lymphocytic leukemoid reactions occasionally occur.
Robinson [39] studied 12 patients with cancer who had leukocyte counts in
excess of 20,000/mm?®, of whom one had a hepatoma; all 12 had levels of a
granulopoietic factor which were five to ten times normal.

Paraneoplastic eosinophilia has been noted with carcinoma of the stomach,
pancreas, and colon. Isaacson and Rapoport [40] reported that the gastrointes-
tinal tract was the most frequent site of origin in the 12% of patients with
eosinophilia who had paraneoplastic eosinophilia. Ranke[41] described a
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patient who had severe leukocytosis and 40% eosinophilia associated with
hepatoma. Production of an eosinophilopoietin substance by tumor cells has
been postulated (though not proved) to be a mechanism of tumor-produced
eosinophilia. In comparison, lymphocytic leukemoid reactions are far less
common, but they occasionally occur as a response to gastrointestinal carci-
noma, as Bichel [42] reported with gastric carcinoma.

3.4. Thrombocytosis

Thrombocytosis is not uncommon in patients with advanced or metastatic
gastrointestinal cancer. The condition tends to be mild, but occasionally the
levels of thrombocytes increase to two or three times normal, but the throm-
bocytosis is almost never accompanied by hemorrhagic or thrombosing phe-
nomena. More commonly, thrombocytosis in these patients is seen as a
‘rebound’ phenomenon after recovery from cytotoxic chemotherapy-induced
thrombocytopenia, or it may, when mild, be secondary to iron deficiency.

3.5. Thrombocytopenia and Coagulation Defects

Spontaneous thrombocytopenia in patients afflicted with gastrointestinal
cancer usually heralds invasion of the bone marrow by metastatic carcinoma
cells or disseminated intravascular coagulopathy induced by metastatic dis-
ease [43]. Milder forms are more common, and frequently a balance occurs
between thrombosis and fibrinolysis (‘ compensated disseminated intravascular
coagulopathy’). When chronic and compensated, disseminated intravascular
coagulopathy is characterized by elevation of soluble fibrin complexes and of
fibrinolytic split products, by hyperfibrinogenemia, and, less commonly, by
thrombocytopenia. In acute disseminated intravascular coagulopathy, severe
coagulopathy may be present with hypofibrinogenemia, severe thrombocyto-
penia, prolonged thrombin and prothrombin times, and spontaneous hemor-
rhage or widespread thrombosis. In the series of 61 patients studied by Sun
and associates (44], about equal numbers of patients had localized and
advanced cancers. Most of the patients with thrombotic episodes had meta-
static disease, most commonly of prostatic origin but also from the stomach,
pancreas, liver, and colon.

3.6. Immunologic Disorders

Malignant diseases of the hematologic system are frequently associated
with immune deficiency, both humoral and cellular, leading to severe and
unusual opportunistic infection. Although immune deficiency can develop in
patients with gastrointestinal carcinoma, it tends to be relatively infrequent
and to occur late in patients with advanced metastatic disease who have often
received prolonged or extensive antineoplastic chemotherapy, radiotherapy, or
adrenocorticosteroid therapy. Lurie and colleagues [45] suggest that patients
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who have depression of immune parameters early during the clinical course of
colon carcinoma have a poorer response to treatment, with a lessened survi-
val, than do those who have an intact immune system.

4. ENDOCRINE AND METABOLIC MANIFESTATIONS

The endocrine cells of the gut and pancreas are believed to be embryolog-
ically of entodermal (foregut) or neuroectodermal (neural crest) origin [46].
The development of sophisticated techniques such as electron microscopy,
immunohistochemical assay, and radioimmunoassay, capable of measuring
minute quantities of cetl products, have shown that these cells and their
neoplasms share common ultrastructural, cytochemical, and functional char-
acteristics. These endocrine cells are referred to as the APUD system, based
on their properties of Amine Precursor Uptake and Decarboxylation. The
gastrointestinal mucosal and pancreatic APUD-cell system is now recognized
to be a very complex endocrine system. It is believed to secrete all the known
polypeptide hormones and their precursors, a number of other physiologically
active polypeptides, and the vasoactive amines S-hydroxytryptamine (seroton-
in), 5-hydroxytryptophan, and histamine (see Chapter 13).

Those clinical syndromes secondary to hypersecretion of cell products by
gastrointestinal neoplasms can be divided into two major groups. The largest
group comprises patients with hormonally functioning tumors originating in
gastrointestinal endocrine tissue (APUDomas), including pancreatic islet cell
tumors and carcinoid tumors. The much rarer ectopic hormone syndromes
are secondary to carcinomas originating in gastrointestinal tissue not ordi-
narily considered to have primary endocrine function. While ectopic hormone
syndromes are most common in primary lung cancer (small cell) and in renal
cell carcinoma (hypernephroma), hepatoma produces the widest variety and
most frequently seen ectopic hormone syndromes of digestive tract origin.

4.1. Islet Cell Syndromes

Islet cell syndromes have various clinical manifestations that are produced
by hypersecretion of one or more of the recognized polypeptide hormones
(Table 1). These syndromes are complex, ranging from hypersecretion of a
single hormone by one defined type of islet cell neoplasm to overproduction
of multiple hormones by either the same islet cell neoplasm (generally a
carcinoma) or multiple islet cell tumors, each producing different hor-
mones [47]. The five major syndromes due to islet cell hypersecretion include
insulinoma, gastrinoma, the WDHA (Watery Diarrhea, Hypokalemia, Achlor-
hydria) syndrome, glucagonoma, and polyhormonal islet cell syndrome.
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The symptoms produced by insulinoma are primarily of central nervous
system origin, most characteristically due to subacute or chronic neuroglyco-
penia, rather than the acute symptoms seen with iatrogenic hypoglycemia.
Diagnosis is often delayed for years. Symptoms span the spectrum of central
nervous system dysfunction, from psychiatric disturbances to disordered con-
sciousness mimicking alcoholic intoxication. Long periods of spontaneous
remission may occur, but generally, a pattern of attacks of increasing severity
and frequency develops, particularly before meals or after exercise. If unrecog-
nized, chronic hypoglycemia may develop, leading to paranoid personality
change and dementia [48].

Diagnosis depends on clinical suspicion, followed by demonstration of
spontaneous blood glucose levels of 40 mg/dl or less, coincident with inap-
propriately high plasma levels of insulin. The islet cell tumor of some patients
may secrete proinsulin[49], which may not be recognized by the standard
insulin radioimmunoassay (a specific proinsulin radioimmunoassay has now
been developed). Supplementary provocative tests (tolbutamide, prolonged
fasting, glucagon, glucose, leucine, arginine, and insulin suppression with
diazoxide) are sometimes helpful, though each has its limitations. About 16%
of insulinomas metastasize (primarily to regional nodes and the liver) and
thus are clinically malignant[50]. Islet cell carcinomas are characteristically
multiple, low-grade, and indolent in progression, with a median survival of
several years from the diagnosis of inoperability.

The classic manifestations secondary to uncontrolled secretion of gastrin by
non-f-cell pancreatic islet cell tumor are gastric hypersecretion, severe peptic
ulceration, and diarrhea. With increased physician awareness and wider use of
the radioimmunoassay for serum gastrin, many cases are being diagnosed
earlier, with clinical findings indistinguishable from those of idiopathic duo-
denal ulcer or erosive duodenitis. These early-recognized cases satisfy the
criteria for the diagnosis of Zollinger-Ellison syndrome, based on levels of
fasting serum gastrin and gastric hypersecretion[51]. At diagnosis, nearly
two-thirds of patients have either multicentric pancreatic tumors or unresect-
able metastases to regional nodes or the liver [52]. The association of Zolling-
er-Ellison syndrome and nonpancreatic endocrine tumors — particularly para-
thyroid adenoma and, less often, tumors of the anterior pituitary, adrenal,
thyroid, and ovary —is a feature of the Wermer syndrome of multiple endo-
crine neoplasia (MEN, type 1). Twenty to 30% of patients with Zollinger-
Ellison syndrome have an extrapancreatic endocrine tumor[53]. Continuous
suppression of gastric acid hypersecretion with long-term histamine H,-recep-
tor antagonists such as cimetidine now offers an alternative therapy to total
gastrectomy for patients with Zollinger-Ellison syndrome [54].

In 1958, Verner and Morrison [55] described two patients with islet cell
tumors and a syndrome of refractory progressive watery diarrhea and hypo-
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kalemia. By 1974 [56], these same two investigators reviewed 55 cases from
the literature of the syndrome now named for them but also referred to as the
WDHA syndrome, pancreatic cholera, or VIPoma in view of the frequent
demonstration of elevated plasma levels of vasoactive intestinal peptide (VIP).
The intense hormonally stimulated gastric hypersecretion present in Zolling-
er-Ellison syndrome has provided enormous impetus to basic research in
gastric physiology. This research produced the key to understanding and
effectively managing the clinical syndromes of refractory peptic ulceration and
diarrhea secondary to acid inactivation of luminal digestive enzymes. While a
very rare clinical event, the Verner-Morrison syndrome, with equally striking
clinical manifestations to the Zollinger-Ellison syndrome, can be considered
the counterpart for stimulating research in the pathophysiology of diarrhea.
The current understanding of the genesis of hormonal diarrhea in patients
with the WDHA syndrome has recently been reviewed [57]. The diarrhea of
these patients is secretory, exceeding 500 ml/24 h even during fasting and
often amounting to several liters daily of fluid rich in potassium and bicar-
bonate. Understandably, this leads to severe dehydration, acidosis, marked
loss of weight, and hypotension [58]. Hypokalemia so severe as to be life-
threatening may lead to hypokalemic nephropathy and renal failure [55] and is
apparently largely due to secretion of potassium by the colon[59]. Water and
bicarbonate are primarily secreted in increased amounts by the proximal
intestine with decreased distal intestinal absorption. About half of patients
with the syndrome manifest hypercalcemia in the presence of normal plasma
levels of parathyroid hormone[56]. A similar incidence of diabetes mellitus
has been noted for patients with the watery diarrhea syndrome. Glucose
tolerance may become normal after resection of the islet cell tumor[60].
Significant elevations of both plasma calcium and glucose levels can follow
infusion of vasoactive intestinal peptide in amounts sufficient to achieve
plasma levels comparable to those seen in patients with the Verner-Morrison
syndrome [61]. Tetany may rarely occur[55] and may be secondary to hypo-
magnesemia, with either normal or increased levels of serum calcium[62].
As implied by the name, vasoactive intestinal peptide produces cutaneous
flushing and increases both pulse rate and blood pressure amplitude, when
infused into normal volunteers[61]. Flushing was a prominent symptom in
10 of the 55 patients reviewed by Verner and Morrison [56]. Achlorhydria,
reported to be a component of the watery diarrhea syndrome [63], is present
in the basal state but can be moderately stimulated by gastrin and less so by
histamine [64]. A wide variety of substances have been proposed as the
causative agents hypersecreted by islet cell tumors to give rise to pancreatic
hormonal diarrhea[65]. In addition to vasoactive intestinal peptide, these
include the pancreatic peptide hormones gastrin, glucagon, secretin, and pan-
creatic polypeptide, as well as calcitonin, serotonin, and prostaglandins acting
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either singly or together.

Whereas the level of vasoactive intestinal peptide is elevated in the plasma
of most patients with pancreatic cholera[66], the diagnostic value of the
determination has been strongly questioned by Gardner[58], who believes
that non-neoplastic causes of chronic secretory diarrhea, such as surreptitious
ingestion of laxatives or diuretics [67], can be excluded on a clinical basis. He
believes that the results of plasma vasoactive intestinal peptide_ radioimmu-
noassay may be difficult to interpret because of nonspecificity of antibody,
variability between laboratories, and elevation of plasma vasoactive intestinal
peptide levels in non-neoplastic disorders such as cirrhosis and chronic renal
insufficiency. In addition, some patients have islet cell tumors and chronic
secretory diarrhea but have normal levels of plasma vasoactive intestinal
peptide [68]. Patients with the WDHA syndrome also have been documented
to have normal levels of plasma vasoactive intestinal peptide but very high
levels of pancreatic polypeptide and prostaglandin E, with the diarrhea of the
latter responding to prostaglandin-inhibitor treatment[69]. Thus, vasoactive
intestinal peptide may be one of the chief mediators of pancreatic cholera
syndrome, but it does not act alone.

Verner and Morrison [56] found that, of 53 patients with the WDHA
syndrome, 37% had malignant islet cell tumors with metastases, 30% had
benign pancreatic tumors cured by surgical removal, while 20% had non-
f-islet cell hyperplasia. Postoperative complications after resection of pan-
creatic tumors in patients with pancreatic cholera have included congestive
heart failure, perhaps due to hypokalemic cardiomyopathy or to sudden loss
of the vasodilatory effect of vasoactive intestinal peptide, and rebound gastric
acid hypersecretion with peptic ulceration, probably due to loss of the inhibi-
tor of gastric acid secreted by the pancreatic neoplasm [56]. Like other islet
cell carcinomas, metastatic VIPoma may be responsive to chemotherapy with
streptozotocin, either alone or in combination[57]. Lithium therapy may
control the secretory diarrhea of the WDHA syndrome of patients not re-
sponsive to streptozotocin by inhibiting vasoactive intestinal peptide-induced
increase in intestinal mucosal cyclic adenosine monophosphate [70].

The clinical hallmarks of the glucagonoma syndrome, including a unique
dermatitis (necrolytic migratory erythema), stomatitis, anemia, loss of weight,
mild diabetes, and hypoaminoacidemia, have been detailed by Mallinson et
al. [71]: They collected data on nine patients, of whom eight were post-
menopausal women. The glucagonoma syndrome is considered the rarest of
the major islet cell tumor syndromes[72] but has been recognized with
increasing frequency since specific plasma radioimmunoassay and histochem-
ical determinations for glucagon have become readily available. Historically,
this syndrome dates to the description by Becker er al. [73]. in 1942 of a
patient who suffered from a distinctive chronic dermatitis and died from
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metastatic islet cell carcinoma. In 1966, McGavran et al. [74] demonstrated
that the tumor associated with this syndrome is composed of glucagon-
secreting a-cells. The distinctive dermatitis is now considered pathognomonic
of the glucagonoma syndrome [75]. Mallinson et al. [71] noted that the derma-
titis usually started and was most severe in the groin, perineum, lower
abdomen, and between the thighs and buttocks but often became widespread
to involve the face, hands, and feet.

Beginning as erythematous areas, the lesions progressed to superficial cen-
tral bullous formations, rupturing to form crusts or a weeping surface with
central healing and a sharply defined, spreading annular outline which healed
in 1 to 2 weeks, with residual hyperpigmentation. Circumoral crusting was
present in all patients and painful glossitis in most. The dermatitis usually
preceded diagnosis of the pancreatic tumor by more than a year and in two
cases by more than ten years. The lesions often become secondarily infected
with bacteria or fungi and regress when the glucagon-secreting pancreatic
tumor is completely resected [75] or when the associated marked depression of
plasma amino acids is corrected by total parenteral nutrition [76].

Although the diabetes mellitus in most patients with the glucagonoma
syndrome is usually mild and stable, patients have developed diabetic keto-
acidosis [72] or have become insulin-resistant [77]. Although most patients with
the glucagonoma syndrome have islet cell carcinoma with unresectable meta-
static lesions[71], perhaps more widespread screening of appropriate diabetic
patients with the radioimmunoassay for plasma glucagon will uncover a larger
percentage of benign tumors or early resectable islet cell carcinoma[75]. Other
paraneoplastic effects of glucagonoma appear to be diffuse neurologic involve-
ment [78] and hypercalcemia with normal levels of plasma parathyroid hor-
mone[77]. Like islet cell carcinomas secreting insulin, gastrin, or vasoactive
intestinal peptide, those producing large amounts of glucagon or proglucagon
may be responsive to chemotherapy with streptozotocin either alone[79] or in
combination with 5-fluorouracil [78].

Somatostatin is a hypothalamic tetradecapeptide that inhibits the secretion
of pituitary growth hormone[80]. Somatostatin has been demonstrated by
immunofluorescence and electron micrographic techniques to be present in
significant amounts in normal pancreatic and upper gastrointestinal tract D
cells[81], and in both benign[82] and malignant[83] islet cell tumors. The
clinical features of the somatostatinoma syndrome include diabetes mellitus,
cholelithiasis, and steatorrhea. Recognition of these symptoms in a patient has
permitted the preoperative diagnosis of somatostatinoma and the demonstra-
tion of an elevation of plasma somatostatin-like immunoactivity. The diabetic
state has been observed to clear after complete resection of the pancreatic
tumor [82]. Somatostatin-secreting pancreatic islet cell carcinomas also have
been demonstrated to produce ectopic hormones, including calcitonin [83, 84]
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and corticotropin [85]. Ectopic Cushing’s syndrome has been recognized to be
associated with islet cell carcinoma[86], and in 17 collected instances of this
association [87], most of the patients had intense generalized melanosis from
ectopic production of melanocyte-stimulating hormone. Cure of a patient with
acromegaly by resection of a large cystic f-cell adenoma of the pancreas
containing substantial amounts of human growth hormone has recently been
reported [88]. Ectopic production of chorionic gonadotropin and its subunits
was found in 17 (63%) of 27 patients with functioning islet cell carcinomas by
demonstration of both elevated plasma and tumor extract levels of human
chorionic gonadotropin. In contrast, none of the 43 patients with islet cell
adenoma or of the six patients with nonfunctioning islet cell carcinoma had
elevated values of human chorionic gonadotropin. Thus, human chorionic
gonadotropin and its subunits appear to be markers of malignant de-repres-
sion of the genome rather than simple hypersecretion by an aberrant *cell
rest’ [89]. Other peptide substances localized in both the brain and the gut
might be produced in excess by pancreatic or intestinal tumors in addition to
somatostatin and vasoactive intestinal peptide [90]. Awareness of the potential
clinical syndromes consistent with the known physiologic actions of neuroten-
sin, enkephalins, substance P, or cholecystokinin could lead to identification
of such an occurrence by application of available immunohistochemical and
radioimmunoassy techniques.

O’Neal er al. [91] suggested that the polyhormonal secretory potential of
islet cell carcinoma may on rare occasion include production of vasopressin
(antidiuretic hormone).

Multiple endocrine neoplasia, type 1 (MEN, type 1), or Wermer’s syn-
drome, is a rare, dominantly inherited genetic disorder that includes multi-
centric adenoma, carcinoma, or hyperplasia of pancreatic islet cells, as well as
cells of the anterior pituitary and parathyroid glands and carcinoids of variable
primary site[92]. Gastrinoma and insulinoma have been the most common
islet cell syndromes[93]. MEN, type 2, or Sipple’s syndrome, includes hyper-
parathyroidism plus pheochromocytoma and medullary thyroid carcinoma
often associated with mucosal or cutaneous ganglioneuromatosis but not with
islet cell tumors. Less common are the reports of MEN variants that combine
tumors from MEN types 1 and 2, particularly pheochromocytoma and islet
cell adenoma or carcinomal(92,94], thus emphasizing the neuroendocrine
origin of hyperplastic or neoplastic cells in MEN syndromes. These overlap-
ping syndromes frequently occur in families with von Hippel-Lindau disease
or neurofibromatosis. '

4.2. Malignant Carcinoid Syndrome
The malignant carcinoid syndrome is most readily diagnosed when a
patient presents with typical carcinoid cutaneous flushing involving the face,
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neck, and upper part of the chest associated with diarrhea and clinical evi-
dence of advanced metastatic malignant disease, particularly hepatomega-
ly [95]. The urine commonly contains an increased amount of 5-hydroxyindole-
acetic acid (5-HIAA), a metabolic breakdown product of 5-hydroxytrypta-
mine (5-HT or serotonin), synthesized from tryptophan by these endocrine
tumors. Blood levels of 5-HT may be elevated, but the level is technically
much more difficult to determine than the readily available urinary 5-HIAA
determination. While carcinoids can arise at any level in the gut, the vast
majority of carcinoids giving rise to the malignant carcinoid syndrome are of
midgut (small bowel or right colon) origin, most frequently the distal ileum,
and excrete only 5-HIAA in the urine. The unusual carcinoids of foregut
origin (gastric, pancreatic, or bronchial) may lack the ability to decarboxylate
5-hydroxytryptophan (5-HTP) to 5-HT and will excrete 5-HTP, 5-HT, and
5-HIAA[96].

Cutaneous flushing represents the classic clinical feature of malignant car-
cinoid syndrome. This visible episodic vasodilatation is extremely variable in
frequency and severity but tends to be mild in most patients and to herald
the presence of metastatic liver disease. Flushes characteristically last 2 to 5
minutes and are associated with a sensation of warmth spreading over the
area of erythema. If the flushing is unusually severe, facial swelling, periorbi-
tal edema, conjunctival injection, and tachycardia or hypotensive symptoms
may occur. Flushing that has been of long duration, particularly if frequent
and severe, may lead to constant diffuse malar and facial purplish cyanotic
erythema and telangiectasias. Precipitating factors tend to be those that pro-
duce vasomotor symptoms, such as emotion, exertion, imbibing alcoholic
beverages, and postural changes. Eating, defecation, and hepatic palpation
also precipitate flushing in many patients with malignant carcinoid syndrome.
Because carcinoids are characteristically a very indolent nonaggressive cancer,
many patients may harbor known metastatic disease for years before flushing
becomes noticeable.

It was initially believed that release of serotonin by the tumor caused
carcinoid flushes, but current thought incriminates kallikrein (bradykinin) as
the usual mediator, with histamine and prostaglandins having a role in
some [97]. While there is general correlation between the incidence of flush-
ing and urinary 5-HIAA excretion, flushing is occasionally present with
normal levels of 5S-HIAA and, conversely, is absent with very high levels of
5S-HIAA[95]. The so-called histamine flush is extremely rare, may last for
hours and be intensely pruritic, and is considered characteristic of carcinoids
of foregut origin. This type of carcinoid flush may respond to blockade with
combined histamine H,- and H,-receptor antagonists[98]. Extreme variability
in synthesis, storage, rate of release, platelet binding, and tissue inactivation
of 5-HT may help explain the wide range of variability of symptoms as
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correlated with levels of serotonin or its metabolic products.

Diarrhea, like flushing, is seen in about two-thirds of patients with the
malignant carcinoid syndrome. There is no constant relationship between
diarrhea and flushing in individual patients. The diarrhea of the carcinoid
syndrome is characteristically watery and varies greatly in frequency and
severity. The major pathophysiologic mechanism contributing to carcinoid
diarrhea is generally considered to be humoral stimulation of intestinal motil-
ity by an agent not clearly defined. 5-HT may have a role, as both
p-chlorophenylalanine, an inhibitor of 5-HT synthesis, and methysergide, a
5-HT antagonist, may be effective in controlling the diarrhea of patients with
malignant carcinoid syndrome. Both these agents have significant toxic poten-
tial and thus have not enjoyed wide clinical acceptance. Symptomatic control
of diarrhea is often achieved with standard antidiarrheal agents such as
codeine, tincture of opium, diphenoxylate, or loperamide. Other mechanisms
that may be operational in the diarrhea of patients with carcinoid syndrome
include partial intestinal obstruction due to kinking of the bowel wall by
fibrosis about the tumor or mesenteric shortening and fibrosis. Steatorrhea
may be due to diffuse mesenteric lymphatic obstruction from nodal metas-
tases or fibrosis, to bowel ischemia from the compression of mesenteric
arterial and venous vessels by intense fibrosis or internal elastic vascular
sclerosis [99], or to chronic intestinal obstruction and stasis with bacterial
overgrowth, or it may occur after ileal resection. Some patients may have
choleretic or secretory diarrhea[100]. Multiple mechanisms seem to be opera-
tional in the genesis of diarrhea in some patients with malignant carcinoid
syndrome.

Carcinoid heart disease is the most serious distant paraneoplastic effect of
malignant carcinoid syndrome and may dominate the clinical course, fre-
quently leading to progressive right heart failure and death [101]. This distinc-
tive cardiopathy is caused by progressive fibrosis of the internal elastic lamina
of the endocardium of the right heart, apparently secondary to prolonged
exposure to high concentrations of an unknown humoral agent released by
carcinoid hepatic metastatic lesions. The typical clinical findings are those of
restrictive right heart disease dominated by tricuspid valve thickening and
distortion with insufficiency and stenosis, usually with similar, less severe,
pulmonary valve disease leading to pulmonary stenosis. A similar process
may rarely involve the left heart in patients with bronchial carcinoid.

Pellagra is an additional parancoplastic syndrome seen in patients with
malignant carcinoid syndrome secondary to shunting of up to 60% of the
dietary complement of the essential amino acid L-tryptophan into neoplastic
synthesis of 5-HT, leading to reduced synthesis of nicotinic acid [102]. Signif-
icant clinical improvement may occur after treatment with nicotinic acid.
Pellagra was noted in only two of the 91 patients with malignant carcinoid
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syndrome reviewed by Davis et al. [95], both of whom were in poor nutri-
tional status due to advanced carcinomatosis. Other paraneoplastic effects
seen in malignant carcinoid syndrome include retroperitoneal fibrosis[103],
Peyronie’s disease[104], arthropathy[105], and myopathy[106]. Reports of
ectopic hormone secretion in the malignant carcinoid syndrome have included
the ectopic corticotropin-melanocyte-stimulating syndrome (ACTH-MSH syn-
drome) and insulin production[97].

4.3. Ectopic Hormone Syndrome

In addition to the previously discussed ectopic hormone production by
gastrointestinal endocrine carcinomas as a manifestation of the polyfunctional
potential of cells of the APUD system, carcinomas of digestive tract origin
originating in tissue not usually considered to have endocrine potential may
also produce ectopic hormones and metabolic syndromes. By far the most
commonly seen are those produced by primary liver cancers[107], including
hypoglycemia and hypercalcemia with hepatocellular carcinoma and precocious
puberty with hepatoblastoma. Less common paraneoplastic disorders observed
with hepatocellular carcinoma include feminization, carcinoid syndrome [108],
porphyria cutanea tarda[109], hyperlipemia[110], and osteoporosis|111].
Increased production of a number of proteins, in addition to the characteristic
tumor marker a-fetoprotein, has been found in patients with hepatocellular
carcinoma. These include dysfibrinogenemia[l12], cryofibrinogenemia, poly-
clonal hypergammaglobulinemia[113], vitamin B,,-binding protein[114], and
thyroxine-binding globulin[115].

Ectopic Cushing’s syndrome (ectopic ACTH-MSH syndrome) is most fre-
quently seen with small-cell lung cancer and malignant thymoma. This syn-
drome should be suspected when the patient is elderly and becomes rapidly
and severely ill with signs and symptoms of adrenocortical hypersecretion.
Loss of weight and muscle wasting and weakness rather than obesity are
usually seen. Hypokalemia is frequently severe and often poorly responsive to
potassium replacement. Severe mucocutaneous melanosis may occur secon-
dary to ectopic production of melanocyte-stimulating hormone. Gastrointesti-
nal carcinomas, other than islet cell tumors and carcinoids, which have been
reported to lead to ectopic Cushing’s syndrome, include those originating in
the esophagus, stomach, and colon[116].

While the onset of hypercalcemia in patients with cancer most commonly
is secondary to osseous metastasis, in a large number of these patients, bony
metastases cannot be demonstrated. In most of these patients, the hypercal-
cemia is considered to be secondary to ectopic hyperparathyroidism, with
secretion by the tumor of a substance identical or closely related to parathy-
roid hormone. These ectopic parathyroid hormone-like tumor products may
on occasion differ immunologically from native parathyroid hormone and
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have less affinity for antibody to parathyroid hormone used in the parathy-
roid hormone radioimmunoassay, but they retain the usual physiologic
actions of parathyroid hormone. Hypercalcemia of recent onset, with serum
calcium levels of more than 14 mg/dl, especially if observed in a patient with
anemia and loss of weight and without renal stones or evidence of bone
resorption, is highly suggestive of ectopic hyperparathyroidism. While carci-
noma of the lung and kidney produce most ectopic hyperparathyroidism,
primary gastrointestinal carcinomas reported to be associated with the ectopic
parathyroid hormone syndrome include those of esophageal [117], pancreatic,
hepatic, and large bowel origin [118].

Extrapancreatic paraneoplastic hypoglycemia was caused by large mesen-
chymal abdominal or thoracic neoplasms in most (64 %) of the series collected
by Lipsett et al. [119]. Hepatoma made up 219%, whereas 6% were associated
with carcinoma of other digestive tract origin, including stomach, bile duct,
and cecum. Extrapancreatic tumors are believed to produce hypoglycemia by
mechanisms other than elaboration of insulin[120], as ectopic extrapancreatic
paraneoplastic insulin secretion has rarely been documented. Postulated neo-
plastic hypoglycemic mechanisms include marked consumption of glucose by
large hypermetabolic tumors, secretion by the neoplastic cell of nucleic acids
with insulin-like actions, and elaboration by tumors of tryptophan derivatives
which are capable of inhibiting hepatic glyconeogenesis.

The syndrome of inappropriate antidiuretic hormone secretion (SIADH) has
been reported in association with a wide range of clinical situations. These
include central nervous system trauma, infection, neoplasm, or disease and
thoracic disease represented by lung cancer, malignant thymoma, pulmonary
tuberculosis, and pneumonia, as well as metabolic disorders such as acute
intermittent porphyria[l21]. Clinically, SIADH presents as water intoxication
due to continued antidiuretic hormone (vasopressin) secretion in the presence
of relatively hypo-osmolar serum and may progress to cerebral edema. The
syndrome is characterized by renal sodium loss, hyponatremia, and abnormal
or expanded extracellular fluid volume, all of which can be corrected by
limiting intake of water. Levels of antidiuretic hormone can be measured in
body fluid or tissue by radioimmunoassay or bioassay. Marks et al.[122]
demonstrated, by both of these techniques, tissue levels of antidiuretic hor-
mone which approximated those present in the human neurohypophysis in a
pancreatic carcinoma from a patient with SIADH.

The functioning neoplasms that characteristically produce large amounts of
gonadotropins are those of trophoblastic origin, such as choriocarcinoma and
gonadal carcinomas that contain trophoblastic elements. As such, this
gonadotropin production cannot be considered ectopic. Ectopic production
of human chorionic gonadotropin and its subunits has been demonstrated
by radioimmunoassay in a wide variety of nontrophoblastic malignant neo-
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plasms[123], including hepatoma, hepatoblastoma, and other gastrointestinal
cancers, notably gastric and pancreatic carcinoma. In male children with large,
rapidly progressive hepatoblastoma, precocious puberty may result[124]. In
men, ectopic paraneoplastic production of human chorionic gonadotropin is
most commonly seen as a manifestation of lung cancer but also has been
documented in primary hepatocellular carcinoma([125]. Feminization may
occur in adolescents and gynecomastia alone in older men.

5. NEUROMUSCULAR MANIFESTATIONS

Primary neuromuscular disorders[126, 127] often present a combination of
signs and symptoms that are not readily categorized into specific entities.
Adding to this problem is the reverse situation, in which neuromuscular
syndromes are secondary to malignant disease elsewhere in the body. Even
more intriguing is evidence that these neuromuscular syndromes are not due
to invasive metastatic disease but to some other remote mechanism. In a
series [128] of 1,465 patients with carcinoma, 96 patients (6.6%) had an
associated neuromyopathy. The incidence was significantly increased in
patients with carcinoma of the lung (12 to 15%) and ovary (16%) but was
considerably less frequent in patients with carcinoma of the prostate (6%),
breast (4%), colon (3 to 5%), and rectum (less than 1%). Categorizing these
carcinomatous neuromyopathies was difficult because of overlapping syn-
dromes, but the most frequent symptoms were weakness and wasting of
proximal muscles, occurring in 65% of the patients. Other syndromes delin-
eated were myopathies, including myasthenia gravis, cerebellar degeneration,
selective spinal cord motor neuron degeneration, and dementia. Unfortunate-
ly, the most consistent finding in carcinomatous neuromyopathy is its almost
universally poor prognosis, with removal of the tumor having little or no
effect.

6. RHEUMATOLOGIC MANIFESTATIONS

Acute and chronic nonspecific inflammatory reactions in the fibrous tissue
around tendons and joints occur with some systemic diseases (e.g. viremia,
collagen diseases). Similarly, such changes have been associated with malig-
nant tumors. These include an atypical rheumatoid arthritis syndrome (carci-
nomatous polyarthritis) and hypertrophic osteoarthropathy (Marie-Bamberger
syndrome)[129].

Rheumatoid arthritis-like joint symptoms in a patient more than 50 years
old are suggestive of a systemic disorder, and an underlying malignancy
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Figure 6. Hypertrophic pulmonary osteoarthropathy.

should be sought. Unusual features include an abrupt onset, asymmetric
involvement of larger joints (less frequently seen in the usual form of rheu-
matoid arthritis) and the sparing of the commonly affected hand and wrist
joints. Cancers manifesting these changes are found in the breast, bladder,
bronchus, colon, and cervix.

Clinically, hypertrophic pulmonary osteoarthropathy may develop abruptly
and consists of painful digital clubbing (Figure 6), with burning paresthesias
and ossifying hypertrophic periostitis at the distal end of long bones, and
synovitis. The condition is most commonly associated with intrathoracic
disease, which may very from inflammation to primary or metastatic malig-
nancy. In 50 patients with this syndrome, 19 had an underlying malignancy,
with two having the origin of the lesion in the colon[129].

7. RENAL MANIFESTATIONS

All the common pathophysiologic syndromes of renal disease are occasion-
ally seen as paraneoplastic varyiequences of gastrointestinal carcinoma. Renal
failure can be precipitated either by hypercalcemia or, when disseminated
intravascular coagulation eventuates in bilateral renal cortical necrosis, by exten-
sive renal ischemia with infarction, or bilateral renal vein thrombosis. Depo-
sition of tumor antigen—antibody complexes on glomerular basement mem-
brane can result in paraneoplastic membranous glomerulopathy and the ne-
phrotic syndrome. Presumptive evidence of soluble immune complex glomeru-
lonephritis was demonstrated by Costanza and associates [130], who showed,
by immunofluorescent staining, the presence of immunoglobulins and carci-



GUT CANCER: SYSTEMIC MANIFESTATIONS 89

noembryonic antigen on the glomerular basement membrane in a patient with
the nephrotic syndrome and hepatic metastases secondary to carcinoma of the
colon. A similar patient with the nephrotic syndrome and a resectable colon
carcinoma has been described, in whom carcinoembryonic antigen could not
be demonstrated on the glomerular basement membrane but in whom depos-
its of tumor antigen and antibody were detected by immunofluorescent
techniques [131]. The patient improved after resection of the primary colon
carcinoma, as did the patient reported by Cantrell[132] after resection of a
gastric carcinoma.

Renal amyloidosis and renal vein thrombosis also may lead to the nephrotic
syndrome. Tubular syndromes secondary to metastatic pancreatic carcinoma
have been noted in isolated reports. These include the adult Fanconi
syndrome of proximal tubular dysfunction[133] and renal failure secondary to
tubular obstruction by proteinaceous casts in a patient with peritoneal. carci-
nomatosis secondary to a mucoprotein-secreting adenocarcinoma[l34]. The
latter syndrome is most commonly a complication of multiple myeloma.

8. GASTROINTESTINAL MANIFESTATIONS

The common major constitutional paraneoplastic signs and symptoms of
gastrointestinal cancer and the more rare and fascinating gastrointestinal gen-
etic syndromes with dermatologic manifestations have been previously dis-
cussed in this chapter. Several other paraneoplastic effects of gut cancer
deserve emphasis.

The patient with an otherwise asymptomatic gastric carcinoma may note
dependent edema as an initial symptom secondary to pronounced hypoalbu-
minemia related to exudative protein-losing enteropathy. Waldmann et
al. [135] demonstrated gastrointestinal protein loss in all seven patients with
ulcerated gastric carcinomas whom they studied, as well as in patients with
ulcerated colon and esophageal carcinomas. A more recent report[136] de-
scribes a patient with severe hypoalbuminemia and generalized edema from an
ulcerated primary duodenal adenocarcinoma. The McKittrick-Wheelock syn-
drome represents a special variant of neoplastic protein-losing enteropathy
and refers to the sometimes massive secretion of electrolytes and protein-rich
mucus by soft, bulky villous tumors of the rectosigmoid. Patients with this
syndrome may present with severe dehydration, potentially fatal shock, con-
fusion, paralysis, and cardiac arrhythmias secondary to severe depletion of
water, potassium, sodium, chloride, and serum proteins. The offending villous
neoplasm may be so soft and jelly-like in consistency that detection by digital
rectal examination may be very difficult[137]. The presence of firm areas,
deep in the villous lesion, may betray the presence of an area of occult
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carcinoma and has been found in about 40% of these neoplasms. Deller et
al. [138] found mild malabsorption and steatorrhea associated with minor
atrophic changes in the mucosa of the small bowel of most of the 45 patients
with cancer they studied, including two with rectal cancer. These findings
suggest that mild paraneoplastic malabsorption may be a contributing factor
to the loss of weight commonly experienced by patients with cancer. Len-
der[139] described patients who had systemic amyloidosis associated with
carcinoma of the colon, stomach, and gallbladder. In a review of the litera-
turz, he found that only 7% of 944 patients with systemic amyloidosis had
malignant neoplasms.
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4. Epidemiology and Early Detection of Cancer
of the Esophagus

PARVIZ SOROURI

1. INTRODUCTION

The esophagus functions as a conduit for passage of ingesta into the
stomach, a relatively simple but vital function. Its proximity to many other
essential organs, such as trachea, bronchi, aorta and other large vessels in the
mediastinum, increases the possibility of carcinomatous involvement, both
extrinsically and intrinsically. Surgical approach and removal is at best very
difficult and is sometimes devastating. Unfortunately, the disease is usually
beyond its early stages by the time the diagnosis of cancer of the esophagus is
made in a symptomatic patient. Thus, any form of treatment would fall short
of being curative. In recent years, a consensus of opinion has been formed
that the diagnosis of early stages of cancer of the esophagus, particularly in
subjects at high risk, is of utmost importance. The study of etiologic factors
as well as the pattern of the disease in the geographic areas of high incidence
are helpful in formulation of criteria for classification of high-risk populations
as well as furnishing guidelines for early diagnosis and future preventive
interventions.

2. INCIDENCE

Carcinoma of esophagus has been found more frequently in recent years,
probably due partly to better diagnostic methods. The incidence varies con-
siderably by geographical location, race and sex. Many different isolated and
unrelated locations in the world have been reported to show high incidence
for cancer of esophagus. The high incidence and the fatal outcome of this
disease has been known for many years amongst the inhabitants of some of
these high-incidence areas. For instance, the disease, its symptoms and its
course, have been well known to the Turkoman tribes in the high-incidence

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 97-118. All rights reserved.
Copyright © 1981 Martinus Nijhoff Publishers, The Hague/Boston/London.
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area of Gonabad in the Caspian littoral of Iran for many generations and
centuries [1]. The tribe has accepted it as a natural process of fate and thus
resist any form of medical intervention.

Cancer of esophagus shows a marked variation of about 300-fold between
the highest and lowest incidence rates in different countries[2]. The highest
rates are reported in parts of Central Asia, in eastern and southern regions of
Africa, and in Curacao and parts of Brazil [2]. However, striking variations in
the frequency of the disease have been found within relatively small areas. A
belt of high incidence has been proposed. It runs from the Caspian littoral in
Iran to Northern China with extremely high incidence rates reported from
regions of Gonabad and Gorgan in Iran [3] and from the province of Honan in
China[4]. The high rates in Turkmenia, Kazakhstan and Uzbekistan in the
USSR [5] form the central portion of the belt. Many areas of high frequency
are found in East and South Africa[6] especially Rhodesia[7] and parts of
Transkei [8-10]. Rates are moderately elevated in France[11], particularly in
the provinces of Brittany and Normandy(12], in India[7, 13], Japan, Puerto
Rico[7, 14], in the black population of the U.S.[15], among the Chinese in
Singapore [7, 16] and in southern Greenland[17].

In contrast to these areas of high and moderately elevated incidence, in
most countries the incidence rates of esophageal cancer, age standardized to
the world population, are below 10.0 per 100 000 for males and below 5.0 per
100 000 for females[7]. In the United States, the incidence for white males is
about 4.7 per 100000 and 1.6 per 100000 for females and has remained
stable for the past 40 years. However, the incidence in the black population in
the U.S. has risen since 1940 and is now at 16.7 per 100 000 for black men
and 4.8 per 100000 for black women. Rates for Americans of Chinese and
Japanese descent are somewhere in between and have not increased in recent
years [18].

In India in the Greater Bombay study, the rate was reported to be 14.4 for
males and 11.0 for females per 100 000 [19]. In Northern Karnataka, cancer of
esophagus constituted 14.1% of all malignancies seen and occurred in a
slightly younger age population[20]. It is of interest to note that the moder-
ately-high incidence of cancer of esophagus in the Indians persists even when
they have immigrated to other countries. Of the 21 cases of the cancer of
esophagus reported from Beersheba, Israel 43% occurred in Indian Jews who
had immigrated to Israel about 1960. The incidence otherwise for the general
population in Israel is 2.8 for males and 1.8 for females per 100 000 [21].

A high incidence of cancer of esophagus had been reported in West Kenya
in the past[22, 23]. Recently, a high incidence has also been reported from
Central Kenya as compared to the low incidence in the Rift Valley and North
Kenya[24].

In Saudi Arabia, cancer of esophagus comprises 5.9% of all cancers



ESOPHAGEAL CANCER: EPIDEMIOLOGY 99

Table 1. List of geographic locations with high incidence of cancer of the esophagus.

Location Male Female
per 100,000 per 100,000

Iran, Caspian ittoral

Gonabad region 93.1 110.0

Gorgan region 66.7 49.2

Gilan region 20.1 6.2
China, Linksien area 85.0 55.0
South Africa

Transkei 70.4 333
Rhodesia

Bulawayo 63.8 2.2
USSR

Turkmenia 51.1 332

Kazakhstan 47.8 26.3

Uzbekistan 28.5 13.7
France

Ille-et-Vilaine 294 1.2
Switzerland 20.0 4.0
Singapore

Chinese 20.1 6.4
Cote D’Or

Bourgogne 18.1° 1.3
Greenland

Greenlander 16.2 6.7
India

Bombay 15.2 10.8
Puerto Rico 14.8 54
U.S. Blacks 139 33
Japan

Miyagi 12.9 6.7

recorded there, the fifth most frequent cancer[295].

The incidence of cancer of esophagus in the Cote D'Or district of Bour-
gogne was found to be elevated at 18.1 for men and 1.3 for women per
100 000[26]. The incidence rates are tabulated in Table 1.

3. SEX

Cancer of esophagus for world standard population is calculated to be 5.0
per 100 000 for males and 0.7 per 100 000 for females. The European stan-
dard records a rate of 7.1 per 100000 for males and 1.0 per 100 000 for
females. The risk of females developing esophageal cancer is very low, the
average sex ratio being 5:1 (male:female). Reports from Poland, U.K., Den-
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mark, Sweden, German Democratic Republic, Norway and the Federal
Republic of Germany show that the incidence rate and sex ratio is about
same [27]. Only in Brittany and Normandy in France is a very high incidence
of 29.4 per 100000 for males and 1.2 per 100000 for females recorded, a
ratio of 25:1 (male:female). In Finland, the incidence for males is 6.8 per
100 000 and for females 4.9 per 100 000, the ratio being 1.4:1 (male: fe-
male). In the Gonabad region of the Caspian littoral of Iran, the high inci-
dence of 93.1 per 100 000 for males and 110.0 per 100 000 for females gives a
sex ratio of 0.6:1 (male: female). However, in the Gorgan region, which is less
than 200 km away from Gonabad, the incidence is 66.7 per 100 000 in males
and 49.2 per 100 000 for females, the sex ratio being 1.4:1 (male:female).
The same type of ratio is reported from the Transkei of South Africa.

Thus, it is generally accepted that carcinoma of the esophagus is more
common in men with few geographic exceptions. A survey of 14 500 cases
reported by wvarious authors showed 72.25% in men and 27.75% in
women [28]. In few areas such as the Gonabad region of the Caspian littoral
in Iran (3], in Finland [29] and Indian Jews in Beersheba, Israel[21], the sex
ratio is reversed and slightly more than one half are seen in females.

4. AGE

The majority of cases are found in the sixth and seventh decades. In most
reported series, the average age is approximately 62 years. Cancer of esopha-
gus generally occurs at a younger age in women[28]. In certain regions,
particularly in the Caspian littoral in Iran, in India, in Transkei and Kenya,
cancer of esophagus is found at approximately 5 to 15 years younger than the
expected age of 62 years([3,7-9,13,22-24].

5. RACE

It has been evident for many years from vital statistical reports in the U.S.
that the incidence of cancer of esophagus per 100 000 population is highest in
black males and less so in black females. No valid reason for this high
incidence in the black population of the U.S. has been formulated. Some
observers have implicated possible lower socioeconomic factors rather than
racial factors[15].

In the high-incidence areas of the Caspian littoral in Iran, the people are of
Turkic or Mongol origin. Ancient writings suggest that esophageal cancer has
long been known in this part of he world. People of the same ethnic origin
are also amongst the population of high-incidence areas in the USSR and
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China. A genetic predisposition to esophageal cancer may be present in the
Turkoman race. Study on the HLA profiles of the Turkomans has been
initiated but results are not yet known [2].

6. ETIOLOGY

The cause of cancer of the esophagus is unknown. Attempts have been
made to incriminate agents such as alcohol, hot food and liquids, smoking,
and diseases such as syphilis, scleroderma, achalasia and oral sepsis, but no
acceptable evidence for any single cause has been recorded. Epidemiological
data amongst the high-incidence areas has been accumulating. In central
Asia, the epidemiology of cancer of the esophagus is most fully documented
in the Southern Caspian littoral in Iran which has the highest incidence of
cancer of the esophagus localized in a small area. Joint Iran-International
Agency for Research on Cancer Study Group has provided new and stimu-
lating information about this area.

The study Group stratified the area into 15 regions and accumulated large
quantities of information about the structure of the population and local
agriculture, climate, vegetation, and geology. The people are of Turkic or
Mongol origin. They lead a life dedicated to agriculture, either as semi-
nomadic pastoralists or as settled-subsistence farmers. The crops are mainly
wheat, barley and cotton. Sheep and goats are the principal livestock. Their
mode of life has changed very little over many centuries.

Some important findings have been established. Alcohol and tobacco, two
major factors in the etiology of cancer of the esophagus in many other
regions, can be excluded in the Caspian cases. There is no evidence of use of
local plants or herbs in the high-incidence areas, nor of unusual method of
preserving or cooking. Clear regional variations in diet were, however, identi-
fied, with bread and tea emerging as the main staples in the high-incidence
areas. It was also found that the people living in these regions had low calorie
and total protein intake, and low intake of vitamin A, riboflavin and vitamin
C. More hot tea is consumed in the high-incidence areas.

Measurements of morphine metabolites in urine indicated that addiction
was widespread in the high-incidence areas, occurring in about 50% of the
men and women aged 35 or more, despite poor verbal cooperation on inter-
views. Morphine is not only smoked in the form of opium in these areas, but
also eaten as opium or in the form of a tarry residue scraped out of opium
pipes called ‘shireh.” Tests for known carcinogens in bread and tea such as
aflatoxin, polycyclic aromatic hydrocarbons, and nitrosamines were all nega-
tive, but the grain is frequently contaminated in the field by fungi and foreign
seeds, some of which, particularly the fungi, may elaborate carcinogenic tox-
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ins. Indeed potatoes from this high-incidence area were found to be infected
with Fusarium sulphurerum Schlechtendal, which is capable of producing at
least four different irritant trichothecenes[30].

The role of the diet is very important, not by what it contains but by what
it lacks. The effects of chronic inadequate nutrition may both impair the
normal structure and function of the esophagus and induce general effects on,
for example, immune function extending back into infancy and early child-
hood[2]. An endoscopic survey was undertaken in Northern Iran on 430
persons in the high-incidence area[31]. This study revealed a chronic esophag-
itis, involving mainly the middle and lower thirds of the esophagus in 86% of
the subjects and the frequency was very high even in the younger age groups.
Also an incidence of 3.7% dysplasia and 2.6% invasive cancer of the esopha-
gus was present in the people studied.

Clinically and histologically the esophagitis in this rural population was
different from that observed in the low-risk areas of Europe and the United
States where esophagitis is usually associated with reflux[32-37]. The low
prevalence of incompetent cardias and hiatus hernias and absence of symp-
toms of heartburn in Iran suggested that the esophagitis is not of reflux
origin. This was further supported by the frequent finding of a normal precar-
dial mucosa in the presence of esophagitis. The absence of ulceration, even in
the most severe cases of esophagitis is also noteworthy. The histological
changes of the chronic esophagitis in this study is similar to the early changes
seen before frank dysplasia and early cancer development in rats treated with
N-M-N-nitrosaniline [38].

Little is known about precursor lesions of esophageal cancer in man. The
changes in the mucosa surrounding the cancer are assumed to be of a
precancerous nature [4, 39], but there is no information on the lesions preced-
ing this dysplasia.

In follow-up studies in a high-risk population in China, 27% of obvious
dysplasia progressed to cancer[42]. In another high-risk population in Central
Asia, submucosal fibrosis has been incriminated as a precancerous condi-
tion [43].

A similar screening study was performed in the People’s Republic of China
on large numbers of persons in Linksien (Lin County, Honan Province) and
nearby regions where mortality from esophageal cancer is reported to be
approximately 100 per 100 000 per year[44]. In the Linksien area, 62 045
people over 30 years of age were examined by an exfoliative cytological
technique between 1971 and 1975. The technique consisted of swallowing a
gauze-covered balloon which was then inflated and withdrawn, carrying with
it cells from the esophageal wall. Dysplasia was found in 2.2% and invasive
or in-situ carcinoma in 1.2% of the cases examined. They reported that the
technique used had very low false negative results. Among a series of 11 011
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persons with normal cytology, only 13 were known to have developed cancer
shortly afterwards. Preliminary study of patients with esophageal dysplasia
who were followed up to 12 years revealed a high risk for esophageal can-
cer.

A vesiculo-papular oropharyngeal lesion called Amaghakuva was reported in
ten of 82 patiens with cancer of the esophagus in the Xhosa patients of the
Transkei region [10]. In one of these patients, this lesion had preceded squa-
mous cell carcinoma of the upper third of the esophagus by six months.
Again, nutritional deficiencies leading to possible infection have been pro-
posed as the cause of these lesions.

Plummer-Vinson syndrome (Paterson-Kelly, Sideropenic anemia with post-
cricoid dysphagia and the formation of webs or strictures in the upper part of
the esophagus) has been considered a precancerous condition of esophageal
cancer, which is otherwise rare at this site[45,46]. The pathogenesis of this
syndrome is not clear. Iron deficiency is important, but other nutritional
deficiencies such as riboflavin, thiamine, pyridoxine and protein as well as
genetic factors have been suggested (see Chapter 2). Pellagra was evident in
36 patients reported from the Scandinavian series of this syndrome[10].
Riboflavin has been shown to be essential for maintaining the integrity of the
squamous epithelium of the esophagus[47]. Severe riboflavin deficiency in
mouse and baboon caused atrophy and ulcerative lesions in the esophageal
mucosa and some hyperplastic lesions were thought to be precance-
rous [48, 49].

Previous field studies have revealed a widespread riboflavin deficiency in
Northern Iran, equally prevalent in the areas of both high and low-risk for
cancer of the esophagus[50,51]. The oral lesions associated with riboflavin
deficiency regressed after 3-4 weeks of administration of riboflavin[50].
Endoscopic and histologic observations in the Caspian littoral suggested that a
chain of events leading to cancer starts with chronic inflammation and some
hyperplastic changes of the epithelium, evolving in some cases to dysplasia
and finally cancer. This chronic inflammatory change has been found in
patients 15 years of age indicating that the crucial injury may occur early in
life [31].

Injury to the epithelium may be another factor involved. In Africa, trau-
matic insults include the eating of great quantities of farinaceous foods
containing small particles of silica, wild spinach and stinging nettles. Kaffir
beer, to which may be added various toxic substances, such as cleaning fluids,
is also consumed, the overall diet being essentially deficient. In Iran, as well
as in India, China and USSR and Scottish women, the drinking of hot tea
may cause thermal injury on a weakened esophageal mucosa due to dietary
deficiency [31]. The factor of thermal irritation has been Yelt to be the most
constant predisposing factor by some[52].
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The ratio of bread to rice in the Caspian littoral was found to have a
tendency to rise with the incidence of esophageal cancer. The consumption of
pulses, green vegetables and fresh fruit was lower among the high risk
population as was the consumption of all types of animal protein. The diet in
this area is restricted to little but home baked bread and tea[51]. The same
restricted type of diet is reported from Northern Karnataka, India[20]. The
diet is mostly restricted to ‘Jowar Rotis’ taken with a paste of chillies and
spices. The ‘Rotis’ ‘are often several days old, which may be contaminated
with fungal growth or other toxins. The very hard nature of ‘Rotis’ may also
cause constant irritation to the esophageal mucosa. Ingestion of spiced foods
is suggested as a factor in development of cancer of the esophagus in Saudi
Arabia [25].

Various nitrosamine compounds have been found to be potent esophageal
carcinogens in rodent models [59-65]. It has been demonstrated that methyl-
alkyl-nitrosamines will specifically induce carcinomas of the esophagus
regardless of their route of administration[53]). One of the more potent of
these compounds, N-methyl-N-benzylnitrosamine (MBZN) produced papillo-
mas in 100% of rats. Of the total number of neoplams, 66% were papillomas,
17% were pedunculated papillary carcinomas, and 17% were sessile carcino-
mas. Histologically, all of the neoplasms showed squamous differentia-
tion[54]. As in the rats, squamous cell carcinoma is by far the most
frequently observed type of human esophageal cancer[55]. The neoplasms are
usually well differentiated, with varying degrees of keratinization, and are
deeply invasive. Patterns of growth are also very similar to those found in the
rat. Most of the cancers exhibit a fungating pattern with characteristic intra-
luminal proliferation or an infiltrating pattern with extensive lateral sub-
epithelial penetration. Ulceration is prominant in about 25% of the carcino-
mas. Although the predominant form of esophageal neoplasm in the rat, a
papillary form, is rare in humans, a few cases have been reported [56].

In another study, methyl-n-amylnitrosamine (MNAN) was found to be not
as specific a carcinogen for the esophagus as had been thought, since tracheal
and nasal cavity tumors were also induced in rats. However, esophageal
tumors might predominate more strongly if enhancers specific for the esopha-
gus were administered in addition to MNAN [57]. This observation is inter-
esting when the clinically high incidence of cancer of the esophagus is noted
among the patients with primary head and neck tumors, suggesting MNAN as
a possible etiologic factor[78].

Many reports have accumulated from various regions about nitrosamines
being involved as carcinogenic factors in some of the high-incidence areas.
Dimethylnitrosamine has been found in the fruit juice used by the Bantu to
curdle milk which is their chief food for the first 20 years of life[58].
Nitrosamines are also found in larger amounts in certain foods in Greenland,



ESOPHAGEAL CANCER: EPIDEMIOLOGY 105

France and Iran.

In a study in the Transkei region of South Africa, the soil was found to be
molybdenum-deficient in the areas with high incidence of esophageal cancer.
This deficiency was felt to be possibly linked to accumulation of nitrates and
nitrosamines in the food of cancer-prone natives[66].

A possible carcinogenicity of mycotoxins for esophageal cancer has been
proposed because the toxic metabolities of Fusarium species have been shown
to induce hyperkeratotic papillomatous growths in the squamous forestomach
of rats and basal cell hyperplasia of the esophageal squamous epithelium in
the rat.

The coordinating group for research on the etiology of esophageal cancer in
North China has reported the presence of Geotrichum candidum link in the
food of high-risk groups and advances some experimental evidence of cocar-
cinogenic properties of the fungus. Interestingly, chickens of this region share
a high rate of esophageal neoplasm [17]. The role of food contaminated with
fungi has already been mentioned in the study of the Caspian littoral [30].

The epidemic of alimentary toxic aleukia (ATA) which occurred in parts of
the Soviet Union were almost certainly caused by similar trichothecenes and
judging from various reports there seems to be some overlap of earlier ATA
areas and current high esophageal cancer areas.

In Africa, there is a clear association between corn cultivation and occur-
rence of esophageal cancer [71]. Although this may largely be due to nutritional
implications, the extreme frequency of Fusarium contamination of this crop in
Africa[7] and elsewhere including the U.S.[8] raises the possibility of at least
a carcinogenic effect of some irritant Fusarium metabolites which are known to
cause lesions in the rat esophagus.

The highest known esophageal cancer rate in Africa occurs in southwestern
districts of the Republic of Transkei whereas the incidence in the northeastern
region of the country is relatively low [30]. Corn is the main dietary staple in
the low as well as high-incidence areas. Earlier observations indicate that the
extent of moldy corn consumption is not only a matter of expediency depend-
ing on the success of the crop, but that moldy ears are actually preferred by
many Transkeians for beer making because of the allegedly improved fla-
VOr.

In one study, the data obtained are suggestive that higher levels of myco-
toxins, deoxytrivalenol and zearalenone contamination occur in moldy kernels
produced in a high- as compared to a low-incidence area of esophageal cancer
in Transkei[30].

Many studies have shown that cigarette smoking increases the risk of
carcinoma of the esophagus[9, 67-69]. In one report, multiple sections of the
esophagus from 1202 autopsy specimens from men whose smoking history
was known were examined. Atypical basal epithelial cells were found far more
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frequently in cigarette smokers, with a direct relationship between the amount
of smoking and the frequency of atypical cells[70].

Several epidemiologic studies have found a correlation between carcinoma
of the esophagus and alcohol consumption[11, 69, 71-74]. Alcohol may also
promote the effect of tobacco. In a study in Ille-et-Vilaine in France, it was
shown that the logarithmic risk of esophageal cancer in man was a linear
function of the daily consumption of alcohol and tobacco, separately and also
the effect was synergistic when taken together[69]. The consumption of any
type of alcoholic beverages entails an increased risk of esophageal cancer. In
addition, it has been found that the risk is greater for cider and digestives,
particularly the distillate of apple cider. The additional risk is greater for strong
beverages (digestives) than for lighter ones in France[73].

The mechanism of possible carcinogenicity of methanol is unknown. It may
be possible that alcoholic beverages carry active carcinogens such as polycyclic
hydrocarbons, nitrosamines, fusel oils and other still unknown substances.

Various additives to alcoholic beverages are reported from Jamaica, Puerto
Rico, South of U.S., Transkei in Africa, India, Japan and Greenland and
postulated as possible carcinogenic factors.

Various types of obstructive lesions have been associated with carcinoma of
the esophagus. Lye strictures have been found to develop into cancer in
3.5-5.5% of patients, frequently at an unusually early age[76,77]. In one
study, the mean interval between lye ingestion and development of carcinoma
was 43.5 years[78].

The incidence of carcinoma in achalasia has been variously reported from a
fraction above 0 to 29% [78-100]. The true incidence is estimated to be
approximately 3%. Malignant tumors arise at all levels, but the most com-
mon location has been found to be the middle third of the esophagus. Here,
again, the average age at onset is earlier[48] as compared to spontaneously
occurring tumors (average 62 years). The mean interval between diagnosis of
achalasia and carcinoma has been reported to be approximately 18-28
years [78, 79]. Some authors believe chronic irritation plays an important role
in its etiology. Early surgical treatment of achalasia to prevent esophageal
dilatation has been advocated to help prevent subsequent development of
carcinoma [80-86]. Carcinoma occurring after a clinically successful Heller
procedure for achalasia has been reported [78]. If achalasia is treated without
surgical repair, yearly esophagoscopy, esophagogram and cytologic examina-
tions are recommended. In fact, in long-standing achalasia, biannual cytologic
examination of washings has been suggested[79]. Almost 90% of cancer of
the esophagus occurring in lye stricture and achalasia is squamous cell carci-
noma.

Several retrospective studies and case reports have shown that there is an
increased frequency of esophageal adenocarcinoma in patients with Barrett’s
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epithelium [83-89]. The columnar cell-lined esophagus, called Barrett’s epi-
thelium, is a metaplasia of the distal esophagus which is associated with
chronic reflux esophagitis. In a large study, 12 cases of adenocarcinoma was
found among 140 patients with columnar lined esophagus [87]. Another retro-
spective review revealed that the tumor arose in Barrett’s epithelium in 12 of
14 cases of primary esophageal adenocarcinoma([89]. Abnormal patterns of
epithelial renewal have been associated with frank neoplasia or preneoplastic
lesions elsewhere in the gastrointestinal tract [90-96] (see Chapter 1).

In a recent study, it was found that all three types of Barrett’s epithelium
(specialized columnar, junctional and fundic), when not associated with evi-
dence for neoplasia, in general have proliferation kinetics which are typical of
normal epithelia elsewhere in the gastrointestinal tract. However, a minority
of patients who have Barrett’s epithelium may have altered proliferation
kinetics, such as expansion of the proliferative zone. Whether identification of
an expanded proliferative zone will predict those individuals who are more
likely to develop cancer is a subject which requires further investiga-
tion[97].

Although antireflux operations may prevent extension of the columnar
epithelium within the esophagus, the columnar epithelium may persist for
many years and retain its malignant potential [87]. Regression of Barrett
esophagus or reversion to squamous lining after an antireflux procedure has
been reported [98]. The reported incidence of carcinoma associated with Bar-
rett esophagus varies from 8.5% to 26.3% [87, 98].

The most common roentgenographic findings in Barrett esophagus are
hiatal hernia (85%), stricture (82%), mucosal abnormality (74%), reflux (62%)
and ulcerations (54%)[99]. It has been suggested that this constellation of
radiologic findings, particularly ulceration, may suggest a Barrett esophagus
and thus identify the patient with an increased risk of esophageal cancer. One
case is reported in whom adenocarcinoma from Barrett’s epithelium simulated
esophageal varices radiologically [111]. In another report, 4% of patients
treated with dilatation for treatment of peptic esophageal stricture developed
adenocarcinoma at the site of the stricture, raising the possibility that chronic
irritation may have predisposed them to neoplastic change in addition to
Barrett epithelium factor[100].

A relationship between diaphragmatic hiatal hernia and gastroesophageal
carcinoma has also been suggested, particularly wih those hernias associated
with a short esophagus[102-104]. In a study of 34 000 hiatal hernias, only in
0.2% were carcinomas detected [105]. Hiatus hernia seems to be more preval-
ent in Western Europe and the U.S. One report stated that 47% of patients
with hiatus hernia were found to have erosive esophagitis[107]. In another
survey, 25.7% of symptomatic patients with hiatus hernia were found to have
erosive esophagitis [106].
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Esophageal reflux is known to be a cause of esophagitis, stricture and
ulceration. Histologically, basal cell hyperplasia as well as extension of the
papillae close to the epithelial surface have been shown to have a good
correlation with symptoms and with reflux studies[37].

Other studies have indicated that distal to an esophageal ulcer or stricture
secondary to reflux, columnar epithelium may be found [108-110]. In another
study of 1225 patients with chronic reflux esophagitis, 140 patients were
found to have columnar metaplasia of the distal esophagus. Adenocarcinoma
of the distal esophagus developed in 8.5% of the 140 patients with metapla-
sia [87].

Carcinoma has been reported to occur in 0.31% of pharyngoesophageal
diverticula[112].

Esophageal carcinoma is a common complication in sideropenic dysphagia
(Plummer-Vinson syndrome)[107]. However, a more recent report has shown
a marked decrease in esophageal carcinoma in younger women in Swed-
en[114].

Irradiation has been proposed as an etiologic factor in development of
cancer of the esophagus in several patients[109]. Interestingly, a granular cell
myeloblastoma of the esophagus is reported in a patient developing after
irradiation for treatment of carcinoma of the esophagus[121].

Only six cases of carcinoma of the esophagus associated with scleroderma
have been recorded so far[116-120].

Leukoplakia of the esophagus has been found in some reports to be a
common pathologic condition, frequently associated with carcinoma, and pos-
sibly precancerous[122].

The esophageal mucosal changes in pellagra in man have been reported to
consist of intense hyperemia, edema and multiple small ulcerations endosco-
pically responding promptly to therapy [123, 124]. Fourteen patients in a series
of 700 cases of carcinoma of the esophagus gave a history of pellagra[28].

Carcinoma of the esophagus has been shown to exist in about 1.2% in the
population of head and neck cancer patients, approximately ten times the
incidence in a normal population[78]. In another study, the risk of developing
a new primary carcinoma of the esophagus in patients with head and neck
cancer, equaled the risk of metastatic disease from the initial head-neck
tumor[125].

The association of head-neck carcinoma with esophageal carcinoma may be
due in part to predisposing factors, such as heavy smoking and heavy alcohol
consumption[126, 127], perhaps due to contaminating carcinogenic agents
within the alcohol and tobacco [55].
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7. HEREDITY

The role of influence of hereditary factors in carcinoma of the esophagus
needs further investigation (see Chapter 2). In one study, it was found that
22.1% of 172 patients with carcinoma of the esophagus had a family history
of carcinoma of the esophagus[128]. In keratosis palmaris et plantaris (tylo-
sis), which is inherited as an autosomal dominant a high incidence of cancer
of the esophagus is reported. In a study of 48 members of two families with
tylosis, 18 developed cancer of the esophagus; an incidence rate of
37.5% [129]. Other reports later have described this association[130-132].

The hereditary factors in the Turkoman races in Northern Iran, USSR and
China needs further evaluation. HLA studies are in progress in Northern
Iran.

8. EARLY DETECTION

Two cases of microscopic carcinoma of the esophagus were diagnosed on
endoscopic evaluation of the patients for hiatus hernia and reflux esophagitis.
Carcinoma was not suspected at the time of endoscopy [132]. Few other cases
of early carcinoma of the esophagus have been reported [86, 134, 135,
137-141, 143]. A large group of 28 cases of superficial squamous cell carci-
nomas diagnosed in early stages comes from Japan[135]. By far, the largest
group reported is from China. Chinese report that use of a net-covered
balloon for cytologic screening has lead to detection of early esophageal
lesions and precancerous dysplasia. They detected 136 asymptomatic cases of
esophageal cancer among 11 564 persons, and 70% of these patients were in
an early stage. They claim that the overall resection rate has increased to
80%, and the overall five-year survival rate to 29%. However, in patients
with early detection followed by early surgery, the five-year survival rate
increases to about 90% in their series[42, 133, 142]. In the Mayo Clinic series
of 1657 patients, the five-year survival after resection for 31 middle esopha-
geal lesions without nodal involvement was 41.9%. This contrasts to an
overall five-year survival of 9%.

The detection of early cancer of the esophagus either fortuitously [132, 143]
or through organized screening[42,133, 135, 142], has resulted in early sur-
gery with very encouraging five-year survival rates in recent years. An ana-
logy may be drawn with carcinoma of the stomach in Japan where mass
screening, early detection and treatment has given a 90%, five-year survival
rate [144]. Possibly, similar efforts devoted to esophageal cancer may bring
about a parallel success and break the traditional gloomy prognosis of this
disease.
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Any person with persistent progressive dysphagia must be evaluated thor-
oughly for the presence of cancer of the esophagus. However, dysphagia is
also a common symptom for many of the associated conditions such as
achalasia, lye stricture, Plummer-Vinson syndrome, Barrett esophagus, head
and neck cancer, or stricture after surgery for head and neck cancer.

Usually by the time that the cancer of the esophagus produces dysphagia,
the cancer is beyond its early stages. Thus, in order to detect early cancer of
the esophagus, other criteria than clinical manifestations must be sought. The
most important of these criteria would be cytological diagnostic measures.
The high-risk group for cancer of the esophagus should be recognized and
possibly followed by routine annual or biannual cytological diagnostic evalua-
tion, regardless of lack of specific symptoms.

The high-risk groups are tabulated in Table 2.

Barium swallow should be used routinely in these high-risk patients to
diagnose early and possibly resectable carcinomas. Double contrast roentgeno-

Table 2. High-risk group for development of cancer of the esophagus.

1. Long-standing malnutrition, particularly deficiency of vitamins A and C, riboflavin, pro-
teins:
1.1. — In certain geographic areas, such as Caspian littoral in Iran, Kenya, India, China,
USSR
1.2 - Untreated malabsorption of long-standing duration, particularly celiac sprue disease
1.3 - Plummer-Vinson syndrome
2. Hereditary factors:

2.1 — Turkoman or Mongol race in Iran, USSR and China
2.2 - Black male population in U.S.
2.3 - Tylosis
2.4 - Celiac sprue
3. Achalasia
4. Benign stricture
4.1 - Lye stricture

4.2 — Stricture from peptic esophagitis
4.3 — Post-surgical strictures
Barrett’s esophagus
Hiatal hernia
Pulsion diverticulae
Carcinomas of other organs
(most commonly head, neck and lung)
9. Heavy alcohol consumption
10. Heavy smoking
11. Long-standing history of intake of hot beverages and spiced foods
12. Reflux esophagitis:
12.1 - Barrett’s esophagus
12.2 — Hiatal hernia
12.3 — Post-gastric surgery

o~
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graphy of the esophagus seems to be the best method for detecting small
lesions [78, 145].

Radioactive phosphorus for diagnosis[151], despite report of overall accu-
racy of 95% [152, 153], has not gained general application. It would also not
be applicable for repeated annual screening.

Computerized tomography may be of benefit in demonstrating the extent of
invasion outside the esophagus. No reports have been presented so far in
regard to its application in early detection of cancer of the esophagus.

Cytological diagnosis by using washings, abrasive balloons, small sponges
and different types of brushes introduced either blindly or under fluoroscopic
control has been replaced by flexible endoscopy with sampling of the esopha-
geal mucosa by direct brushing, washing or multiple biopsies in recent years.
Endoscopic brushing of the esophagus has yielded the highest positive result
ranging from 81.8 to 96.2% [146-150].

The following plan of screening is recommended for detection of early
cancer of the esophagus developing in the high-risk population.

1. Endoscopic brush-washing cytology and multiple biopsies every 6
months.

2. Double contrast esophagogram yearly.

3. Both double contrast esophagogram and endoscopic brush cytology and
biopsy at any time when dysphagia or changes in symptom complex
occurs.

9. PREVENTION

Most of the factors cited as playing an etiologic role in cancer of the
esophagus, such as nitrosamines, alcohol, cigarettes, and deficient nutrition
have had their effects over a long period of time. Thus, correction of these
factors may not decrease the risk in the present generation, but it may reduce
the risk in the future generations. However, early detection of reflux esophag-
itis and its correction may decrease the risk of development of the cancer of
the esophagus in each individual patient.
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5. Epidemiology of Gastric Cancer and its Precursor
Lesions

PELAYO CORREA

1. INTRODUCTION

Our understanding of the epidemiology of gastric cancer has been charac-
terized by alternating periods of progress and stagnation, generally matching
technologic developments that have facilitated its study. For many years the
information available was based on mortality statistics, which called attention
to the fact that there were marked intercountry contrasts in the frequency of
the disease[1]. Studies of relative frequency complemented mortality statistics
and indicated that interpopulation contrasts were also found within several
countries[2]. Studies of migrant populations became available around the
1960 decade and revealed drastic changes in both incidence and mortality
associated with migration, generating the notion of previously unsuspected
dynamic changes in the epidemiology of the disease[3]. The same studies
suggested that forces at play in the premigration period, most probably in the
first decades of life, were responsible for the high risks observed after migra-
tion to low-risk countries.

The histopathology of gastric cancer was then correlated with demographic
parameters and it was reported that one histologic type, the so-called intesti-
nal type, predominated in high-risk populations[4]. The same histologic type
was accompanied by atrophic and metaplastic changes in the surrounding
gastric mucosa[5]. These nontumoral changes were found to be very preval-
ent in autopsy material of high-risk populations, both providing an indicator
of such risk and suggesting a possible explanation for the prolonged latency
period found in migrant populations[6]. Fiberoptic endoscopy became avail-
able and facilitated the study of patients with precursor lesions.

A long search for experimental models became fruitful when some N-
nitroso compounds were found active, and these experiments contributed to
the present interest in the role of this family of chemical compounds as
human carcinogens[7]. Although it has been suspected for a long time that

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 119-130. All rights reserved.
Copyright © 1981 Martinus Nijhoff Publishers, The Hague/Boston/London.
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dietary patterns are responsible for the interpopulation variability in gastric
cancer, extensive search for carcinogens in dietary items led to no clear
conclusions. The discovery that carcinogens can be formed intragastrically in
experimental animals by simultaneous feeding of nitrite and secondary
amines has deemphasized the search for complete carcinogens in the diet and
strengthened work on the hypothesis of in situ synthesis of carcinogens,
especially N-nitroso compounds [8].

We will summarize separately the most relevant factors related to the
epidemiology of gastric cancer and its precursor lesions.

2. GASTRIC CARCINOMA

2.1. Geographic Distribution

It has long been known that some countries have very high mortality and
morbidity rates for stomach cancer. Japan has always been at the top of the
list. The average annual incidence rate in Miyagi males, adjusted to the world
population from 1968 to 1971, was 94.6 per 100 000 [9]. Andean populations
in Latin America have generally high risks. Costa Rica and Chile have
displayed high rates, although not as high as those of Japan. In 1974, the
mortality rate in males from Chile was 50.8 and in Costa Rica 49.5 per
100 000 [10]. Some Nordic countries have also displayed high risks, although
there has been a marked decrease in recent years. Age-adjusted incidence
rates for 1968 to 1972 were 24.6 per 100 000 in Norway, 37.5 per 100 000 in
Finland and 43.0 per 100000 in Iceland. Unites States whites and Austra-
lia-New Zealand have been at the other end of the risk spectrum in most
intercountry comparisons. The age-adjusted incidence rate for the state of
Connecticut in 1968-1972 was 13.5 per 100 000; the comparable rate for
New Zealand (non Maori) was 15.3 per 100 000 [9].

2.2. Sex Ratio

There is a predominance of male rates in all countries but the magnitude of
the excess varies with age. The male:female ratio is close to unity at ages
under 35, after that age it rises until it reaches a peak of about 2:1 around
age 55 and, thereafter, declines to about 1.3:1 at the oldest age[11].

2.3. Time Trends

There has been a consistent decline in mortality and incidence rates of
gastric cancer first noticed in the United States and later in most other
countries [12]. The decline is seen in both sexes and all age groups, especially
younger cohorts.
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2.4. Migrant Studies

Observations in immigrants to the United States who were born in coun-
tries at high risk for stomach cancer revealed that they continued to experi-
ence the risk characteristic to the population of origin[13]. This pattern was
observed for the first generation of immigrants only. Their United States-born
offspring displayed rates similar to those of the adopted country. Similar
observations have been made in Australia and the intracountry migratory
populations of Colombia [6].

2.5. Histopathology

Observations made about 30 years ago reported that most gastric carcino-
mas reproduced well-formed glandular elements lined by mucus-secreting
cells similar to those found in intestinal tumors. They frequently arose from

Figure 1. Gastric mucosa showing loss of glands, marked inflammatory infiltrate in the lamina
propria and intestinal metaplasia. The metaplastic glands (right side) have numerous mucous
goblets similar to those found in the intestine.
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gastric mucosa that had previously been transformed to intestinal-like muco-
sa[S]. For those reasons, tumors with these histologic patterns were called
‘intestinal type.’ Other tumors did not show the cohesiveness needed to form
glandular structures and invaded the gastric wall in a diffuse fashion, which
has resulted in the name ‘diffuse type’ being applied to them. It was noted
that males had a higher proportion of the intestinal type than females and
there was a tendency for an increased proportion of such tumors to occur
with advanced age in both sexes[4].

Studies of the histology of gastric tumors in Japanese populations in their
native land and in Hawaii led to the following conclusions: 1) The age-
specific incidence rate for diffuse carcinoma remained little changed among
Japanese migrants; the decrease in intestinal type accounted for most of the
decline in the total gastric cancer incidence in Hawaii. 2) The predominance
of the diffuse type in the young and of the intestinal type in older persons has
been preserved in both populations, but the age at which the transition in
type occurs has changed; the transitional age comes earlier in Japan, where a
high risk for stomach cancer still prevails[14].

Histological classification of gastric carcinoma in Latin America showed
that the intestinal type accounted for most of the excess incidence in high-
risk populations and it was, therefore, labeled the ‘epidemic type’[6]. This
type was found less frequently in populations at low risk. It was later found
that the intestinal type accounted for most of the declining rates observed in
recent decades in several countries[15]. The diffuse type displayed less inter-
country variation in rates and has been associated with a lesser decline in
rates in the United States and European populations[16, 17]. Further evidence
of the independency of the intestinal and diffuse carcinomas was provided by
the age-specific incidence rates for each histologic type in native Japanese and
in Japanese migrants to Hawaii. The slope of the intestinal-type curve was
much steeper than that of the diffuse type and only the former type showed
any decline with migration[14].

2.6. Blood Groups

A small excess in blood group A distribution in gastric cancer patients has
been noted for a long time. When blood group types were correlated with
histology it was found that the group A excess was restricted to the diffuse
histologic type in populations of different ethnic groups (Colombia, Norway,
Hawaiian Japanese), apparently suggesting some kind of genetic susceptibili-
ty [14, 18] (see Chapter 2).

2.7. Socioeconomic Class
A marked inverse socioeconomic gradient in risk has been noted in many
countries with the lower classes having approximately 2.5 times the risk of
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the upper classes. This has not been accompanied by a consistent pattern of
excess risk in specific occupations although miners, fishermen and agricultural
workers have been considered at higher risk than other occupations[19]. An
urban-rural gradient is described in some studies but is not a constant feature
of the epidemiology of the disease. In general, urbanization is associated with
lower-risk. Urban-rural differences, however, may be determined by migration
patterns. In some countries a high risk has been observed in some rural areas
but not in others. Since first generation migrants maintain their original risk,
the risk of the population of any given city will be equivalent to a weighted
average of the risks of the native and migrant populations. A city with heavy
migration from high-risk rural areas may, therefore, display a risk much
greater than expected on the basis of the native population alone. If, on the
other hand, migration is predominantly from low-risk rural areas, the risk of
the city will tend to be low. In populations with heavy immigration a strong
correlation can be found between the gastric cancer risk of the immigrants
and that of their place of birth [6].

2.8. Geochemistry

There have been suggestions that gastric cancer is related to occupations
involving close contact with the soil. Acidic soils are generally found in areas
of high risk for stomach cancer. Deficiencies of trace elements have been
suggested but no consistent pattern has emerged [20]. An association between
high nitrate content of the drinking water and cancer risk has been suspected
in England and in Colombia[21].

2.9. Diet

The marked interpopulation differences in gastric cancer risk and in dietary
habits, as well as the fact that the gastric mucosa sustains prolonged contact
with food, were the basis for etiologic hypotheses pointing to dietary habits. It
has been speculated that diet may have a carcinogenic role in a number of
ways: a) food items may be carcinogenic; b) they may be vehicles for
carcinogens; c) they may be converted to carcinogens in the food preparation
process; d) they may contain promoters of carcinogens; and, e) they may lack
inhibitors of carcinogens. It is also recognized that the above characteristics
are not mutually exclusive and that there may still be other unknown ways in
which diet may influence carcinogenesis[19].

Descriptions of dietary habits of populations at high risk have led to
suspected associations between cancer and a variety of food items: rice in
Japan, fried foods in Wales, potatoes in Slovenia, grain products in Finland,
spices in Java, and smoked fish in Iceland. In many descriptive studies
starchy foods were the most frequently implicated items[22]. In the United
States it has been observed that the decline in cancer mortality coincided with
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Figure 2. Metaplastic gastric antral mucosa with adenomatous dysplasia. The metaplastic gland
(upper part) shows decreased mucous secretion and elongated hyperchromatic nuclei with pseu-
dostratification.

a decrease in the consumption of cabbage and an increase in the consumption
of lettuce and citric foods[12]. A considerable number of case-control studies
have focused on dietary items in several parts of the world. Wynder et al. [23]
found no noteworthy differences between cases and controls in Iceland,
Slovenia and the United States. Meinsma reported a higher frequency of
bacon and a lower frequency of citric fruits in cases than in controls in
Holland [24]. Acheson and Doll found no significant case-control differences
in England [22]. Higginson reported a more frequent use of fried foods by
cases in Kansas City [25]. Graham et al. in Buffalo found a smaller porportion
of cases who use raw vegetables (lettuce, tomatoes, cole slaw)([26]. Hirayama
reported that cases in Japan consume less milk and more salted foods than
controls [27].

Although no unanimity can be found to implicate any food as positively
associated with gastric cancer risk, a number or studies have reported that
green leafy vegetables such as lettuce, as well as citric fruits, are associated
with lower risk. Bjelke has interpreted his findings in Norway and the United
States as showing an independent protective effect of a vitamin C index [28].
There is speculation, therefore, that vitamin C may play an inhibitory role in
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gastric carcinogenesis. Bjelke has pointed out that some items such as salted
fish and vitamin C index may interact with respect to histologic expression of
the carcinoma. It thus appears that the effect of any specific item might be
dependent on the presence of other items and that a very complex interaction
of a variety of food items may determine whether potential dietary carcino-
gens are expressed or remain inactive.

2.10. Pernicious Anemia

It has been well established for many years that patients with pernicious
anemia carry an increased risk of gastric cancer. It has also been known that
pernicious anemia patients develop progressive atrophy of the mucosa of the
corpus and fundus of the stomach, probably related to antiparietal cell anti-
bodies, and that gastric carcinoma in such patients arises in the same topo-
graphic area of the stomach showing the atrophy. The atrophic area is also the
site of extensive transformation of the normal mucosal glands into intestinal-
type glands, so-called intestinal metaplasia. However, the great majority of
gastric cancer patients, especially outside Scandinavian countries, do not have
a history of pernicious anemia.

3. PRECURSOR LESIONS

3.1. Historic Aspects

The concept of gastric cancer precursors has evolved from a series of
observations of the pathology and epidemiology of the disease. Its origins date
back to 1883 when Kupfer described in the gastric mucosa islets of intestinal
glands [29]. According to the prevailing concepts of pathogenesis at that time,
they were interpreted as misplaced embryonal rests and duly labeled *hetero-
topias.” Little consideration was given to the possibility that these heteroto-
pias may have pathologic significance until Bonne et al. in 1938 described
Chinese immigrants who had a high frequency of both gastric carcinoma and
atrophic gastritis with ‘goblet cell metaplasia,” which is equivalent to the
so-called heterotopias [30]. By contrast, the native Malays had a low frequency
of carcinoma and a low prevalence of metaplasia. Jarvi and Lauren in 1951
described carcinomas resembling those of the intestine originating in such
areas of ‘heterotopia’ [31]. The true nature of these heterotopias began to be
reevaluated and the idea that they may not be really embryonic rests but
rather a change from the gastric to intestinal mucosa, ‘metaplasia,” began to
find some supporters. In 1955 Morson described small gastric carcinomas
originating in areas of intestinal metaplasia[32]. Siurala repeatedly biopsied
individuals followed over a period of years and described progression from
atrophic gastritis to gastric carcinoma[33]. Figure 1 illustrates the metaplastic
changes.
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3.2. Interpopulation Correlations

Recently the epidemiology of precursor lesions has been studied in Colom-
bia where a cancer registry in the city of Cali reported that the immigrants
from the Andean mountains of Narifio had a very high incidence of gastric
carcinoma, especially of the intestinal type[6]. A systematic search for intes-
tinal metaplasia in autopsy material from six groups of immigrants, as well as
from the local natives, revealed a positive correlation between the incidence
of gastric cancer, especially of the intestinal type, and the frequency of meta-
plasia [6]. Imai et al. reported a similar positive correlation between metaplasia
and carcinoma in a comparison of Japanese and U.S. populations[34]. The
association with metaplasia is largely limited to intestial-type carcinoma. In
surgical specimens, carcinomas of the intestinal type are usually surrounded
by severe intestinal metaplasia. The presence of intestinal metaplasia in spec-
imens with diffuse carcinoma was found with about the same prevalence as
that of the population under study [15]. In low-risk populations, diffuse carci-
nomas are usually surrounded by normally appearing mucosa.

3.3. Histologic Characteristics

From detailed studies of the gastric mucosa in high-risk populations, a
series of lesions have been described that apparently represent a continuum of
change from normal to carcinomal[35]. The complete process is believed to
take a long time: 16 to 24 years in cell kinetics studies[36].

The mildest and, therefore, probably earliest lesion observed is superficial
gastritis, characterized by infiltration of lymphocytes, plasma cells and poly-
morphonuclear leukocytes in the superficial portion of the lamina propria.
Superficial gastritis is usually accompanied by necrosis of epithelial cells and
regenerative changes in the glandular neck region. It is widely believed that
this type of gastritis can be produced by a variety of injuries and that it may
be repaired ad-integrum. The lesion considered to be next in the severity scale
is chronic atrophic gastritis, characterized by loss of glands as determined by
the visualization of areas of lamina propria devoid of glands and occupied
only by connective tissue and white blood cells. There are varying degrees of
severity of atrophy. On this atrophic background the process of intestinal
metaplasia sets in with the appearance of glands lined by cells normally
present only in the intestine: absorptive cells, goblet cells, argentaffin cells and
Paneth’s cells. These cells are distinguished by their morphologic characteris-
tics, as well as by the abnormal set of enzymes they contain: alkaline
phosphatase, leucine aminopeptidase and sucrase. When all of the morpho-
logic and enzymatic characteristics expressed in the phenotype of these cells
correspond to those of the normal intestine, the metaplasia is usually labeled
mature and, as long as it remains mature, the transformation to neoplastic
cells appears remote.
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In some patients, however, there are metaplastic cells which appear less
mature and do not show the complete set of intestinal enzymes, suggesting
that they lose that phenotypic expression and that their intestinalization, as
judged by this set of enzymes, is incomplete. In specimens with gastric
carcinomas surrounded by metaplasia, the set of intestinal enzymes is fre-
quently incomplete [37]. These same metaplastic cells show abnormalities of
nuclear morphology characterized by increased size, hyperchromatism and
irregular shape. In pathology terminology these changes are known as ‘dys-
plasia,” which also implies distortion of the glandular architecture. These
architectural changes have been divided in two groups: when they resemble
hormonally-induced proliferations of glandular tissue they are called ‘hyper-
plastic dysplasia,” and when they resemble a benign proliferation of tubular
glands they are called ‘adenomatous’ or “villous’ dysplasia[38]. Dysplasia is
believed to carry an increased risk of transformation into invasive carcinoma.
Figure 2 illustrates adenomatous dysplasia.

3.4. Distribution by Sex and Age

Although gastric cancer is more frequent in males than in females, studies
in Finland and Colombia have found equal prevalence of atrophic gastritis in
both sexes. Dysplastic changes, on the other hand, are more common in men,
apparently indicating that the promotional stages of the carcinogenic process
are expressed more strongly in men. Atrophic gastritis and intestinal metapla-
sia increase with age in both sexes, not only in prevalence but also in surface
area covered by the lesion. Detailed studies of the dynamics and especially of
the rate of conversion from one stage of the precursor lesions to the next,
reveal that the proportion of individuals in a given community who enter into
the precursor lesion cycle, is achieved rather early. After the third decade of
life, the porportion of individuals with some of the precursor lesions remains
constant. This apparently indicates that the selection of the members of the
community who will (or will not) enter the cycle of precursor lesions is
achieved before the end of the third decade. The later stages, characterized by
increase in the surface area covered by metaplasia and by dysplasia, show a
constant increment with age [35].

3.5. Diet

Few studies of diet in patients with atrophic gastritis have been done. Since
the prevalence of precursors is probably high in areas at high risk for stomach
cancer, it may be assumed that the same dietary patterns described for
stomach cancer are applicable to its precursors.

Studies conducted in the high-risk area of Narino, Colombia, show an
excessive consumption of corn, wheat and cabbage [39]. An inverse relation-
ship (less use of these items in the high-risk area) was found for lettuce and
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other green leafy vegetables. Individuals with atrophic gastritis reported a
higher consumption of corn and lima beans and a lower consumption of
lettuce and other green leafy vegetables than the controls. The data suggested
a peculiar interaction of food items: lettuce seemed to prevent the association
between atrophic gastritis and corn consumption only when the amount of
corn eaten was not excessive. Concerning food preparation, salting of food for
preservation was generally more common in high risk areas.

3.6. Nitrate Intake

Nitrate is present in the water supply of some populations at high gastric
cancer risk such as Colombia, England, Chile, Israel and Newfoundland [40].
In Narino, Colombia, the content of nitrate in the water was found to be
higher in towns where cancer and precursor lesions were more frequent. A
significantly higher concentration of nitrates was found in the urine of per-
sons living in high-risk villages. In the same villages, a greater proportion of
the population obtained their drinking water from dug wells and it was
precisely in the water from such wells that high-risk levels of nitrate were
found [21].

4. CONCLUSIONS

The epidemiology of gastric cancer and its precursors, as summarized
above, has given rise to speculations about the etiology of the disease, as
summarized in the following quote[8]:

‘It is postulated that one major subtype of gastric carcinoma (*‘intestinal
type”’) is the end result of a series of mutations and cell transformations
begun in the first decade of life. The mutagen could be a nitroso compound
synthesized in the upper gastrointestinal tract by the action of nitrite (i.e.,
from food or saliva) on naturally occurring nitrogen compounds. Under nor-
mal conditions these nitroso compounds do not reach the gastric epithelial
cell, presumably because their synthesis is inhibited by antioxidants present in
food or because of their inability to pass the mucosal barrier. The barrier may
be overcome by abrasives or irritants such as hard grains, food with high
sodium chloride concentration, or surfactants.

Once the first mutation occurs, the glandular gastric epithelium is gradually
changed to intestinal-type epithelium, the mucous barrier altered and the pH
elevated. Under these conditions, bacteria proliferate in the gastric cavity and
facilitate the conversion of nitrates to nitrites, thereby increasing the nitrite
pool and the probability of formation of mutagenic-carcinogenic nitroso com-
pounds. This process of gastric atrophy and intestinal metaplasia goes on for
30 to 50 vears until some of the individuals affected have the final mutation
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or cell transformation which allows the cell to become autonomous and
invade other tissues.’

Work on this hypothesis continues in several countries. Although it cannot
be said that the hypothesis has been proven correct, so far all further explora-
tions of it have been consistent with the main theme. No other alternative
hypotheses have been proposed in recent times.
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6. Early Detection of Gastric Cancer

SEIBI KOBAY ASHI

1. PREFACE

What does early detection of gastric cancer mean? It probably mearis the
detection of a curable cancer which is not necessarily an asymptomatic lesion.
A scirrhous lesion of gastric cancer can become advanced even when it is still
asymptomatic and can be already inoperable when it becomes symptomatic.

On the other hand, a symptomatic lesion is not necessarily incurable. In
most cases, even a curable lesion will cause some sort of symptoms, but such
a lesion will be asymptomatic in much earlier period.

What will a curable cancer mean substantially? It would be a lesion that
can be radically resected together with involved or uninvolved regional lymph
nodes. The most curable is a lesion that is localized in the stomach without
lymph node involvement. Since Ewing’s publication in 1936[1], several
authors [2-4] have referred to curable or early gastric cancer, but detection of
such lesion has been extremely difficult.

Gastric cancer has been a national disease among the Japanese for a long
time. From long-term studies on gastric cancer in Japan, the depth of can-
cerous invasion within the gastric wall seems most valuable to assess the
curability of a lesion. Early recognition of gastric cancer has been greatly
improved by recent progress in X-ray and endoscopic examination mainly in
Japan. It is now evident that the features of a carcinomatous lesion are very
different roentgenologically and endoscopically depending upon the presence
or absence of involvement of the propria muscle by carcinomatous tissues.

Based on this idea, the definition and classification of early gastric carci-
noma were proposed by the Japanese Gastroenterological Endoscopy Society
in 1962[5]. Early gastric carcinoma is defined as that in which the tumor is
still confined to the mucosa or/and the submucosa regardless of lymph node
involvement. A five year survival rate of such tumors can exceed 90% after
radical operation [6, 7). Being familiar with the gross features of such tumors,

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 131-164. All rights reserved.
Copyright © 1981 Martinus Nijhoff Publishers, The Hague/Boston/London.
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one can facilitate early recognition of gastric cancer on X-ray and endoscopic
examination.

However, the early detection of gastric cancer is still very insufficient on an
out-patient basis even in Japan, unless patients with such a tumor visit an
experienced doctor chronologically earlier. Therefore, a mass screening
method using double contrast X-ray technique was devised in Japan approx-
imately 20 years ago. In addition, further progress in fiberoptic endoscopy
combined with cytology and biopsy has contributed substantially to early
detection of gastric cancer not only in Japan, but also throughout the
world.

2. DEFINITION AND CLASSIFICATION OF EARLY GASTRIC CANCER

The definition and classification of early carcinoma of the stomach were
proposed in 1962 to the Japanese Gastroenterological Endoscopy Society [5]
and in 1963 to the Japanese Research Society for Gastric Cancer. Early
carcinoma of the stomach was defined as carcinoma in which cancerous
invasion was confined to the mucosa or/and the submucosa regardless of
lymph node involvement.

Early gastric carcinoma, in the experience of Japanese workers, can be
macroscopically classified as one of three basic types: type I, protruded type:
type II, superficial type; subtype Ila, elevated; subtype IIb, flat; subtype Ilc,
depressed; type III, excavated type (Figure 1).

2.1. Type I: Protruded Type

A protrusion into the gastric lumen is very prominent. It sometimes resem-
bles a benign semipedunculated or sessile polyp. A malignant lesion, in
general, presents an irregular contour, unevenness of the surface, and bleed-
ing with or without definite ulcerations on the surface. Redness, lobulation,

Type 1 _—

Oa oo

Typel Obh ————

00

Type I ™

Figure 1. Macroscopic classification of early gastric carcinoma.
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and erosion of the surface are not always observed in malignant lesions.
Lesions greater than 2 cm in diameter must be considered likely to be malig-
nant.

2.2. Type Il Superficial Type
The unevenness of the gastric surface is relatively inconspicuous. This type
is classified into three subtypes.

2.2.1. Type Ila (Elevated). This type is characterized by sessile mucosal
elevation of plateau-like or flower bed pattern. The height of elevation is less
than two times that of the surrounding mucosa. This elevation commonly
surrounds an area of central depression and then is designated as type
[la+Ilc.

2.2.2. Type IIb (Flat). This type shows neither elevation nor depression of
the gastric surface and may be recognized only because of discoloration of the
mucosa. These lesions may be very small. The diagnosis of the pure IIb is
considered very difficult.

2.2.3. Type llc (Depressed). This type is a slightly depressed lesion and
sometimes has a dirty appearance with adherent mucus or exudate. The
margins of the depressed area are irregular and may be hemorrhagic. Island-
like residues of intact mucosa may be observed in the depressed area. The
mucosal folds are disrupted and clubbed. Tumors of this type are frequently
seen in association with the deeper type III lesions and are then called type
IIc+1II. This type and its combinations (IIc+III, Ila+1Ilc) are the most
commonly observed types in early gastric cancer.

These lesions probably correspond to the  superficial erosive carcinoma’ of
Ewing[1] and many instances of the superficial spreading carcinoma of Gut-
man et al. [2] and Stout [4].

2.3. Type Il Excavated Type

This type appears as an ulcer, quite similar by inspection or radiologic
examination to a benign peptic ulcer, except when there is invasion of the
surrounding mucosa, creating a superficial depression around the ulcer, then
called type III+1IIc. When the depressed area is more prominent, the case is
classified as Ilc+III.

3. CONTROVERSY ABOUT THE TERM "EARLY GASTRIC CANCER’

A question will be raised why we do not use the term ‘superficial carcio-
ma’ or ‘superficial spreading carcinoma.’ The carcinoma is superficial histo-
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logically, but the term ‘superficial carcinoma’ might be misconstrued to mean
that the tumor exists only in the mucosa, and is not capable of invading the
muscularis mucosae.

Our present definition of ‘early gastric cancer’ was established by agree-
ment among internists, surgeons, and pathologists in Japan over 15 years ago.
In the discussion on terminology between Murakami[8] and Prolla[9], Prolla
stated that insofar as the definition is based on morphologic features and the
histological depth of cancerous invasion, this type of carcinoma should be
called ‘superficial gastric carcinoma’. He did not agree to the term ‘ superficial
spreading carcinoma’ as used by Stout[4] because it is not certain that all of
these tumors have spread superficially, at the time and in the place they are
observed.

An ulcerated lesion such as the type IIc+III or III+1Ilc, according to the
Japanese classification seems to exist for many years without spreading
through the gastric mucosa, and occasionally shows temporary healing.

By our definition, ‘early gastric cancer’ can include even prominent poly-
poid (type I) and deeply ulcerated (type III) lesions that still are relatively
localized in the gastric wall.

We decided to reserve the term ‘superficial type’ for the relatively flat
lesions that may be slightly elevated (type IIa), flush with the mucosal surface
(type IIb), or slightly depressed (type Ilc). Therefore, the adjective ‘ superficial’
cannot encompass all of the different types of early gastric cancer.

As Murakami stressed [8], ‘early’ was important to emphasize the benefit of
prompt detection of gastric cancer. It is well known that gastric cancer has
been an enormous, nationwide problem in Japan. Early detection by radio-
graphic and endoscopic techniques is essential for a chance of curative resec-
tion. In this light, the term employed should appeal to the mass communica-
tion media and to the public, emphasizing that early detection is an important
means of solving this national problem.

It is true that ‘early gastric cancer,” by our definition, can progress to
lymphatic involvement and even to distant metastases in rare instances, but
the usual reported prognosis is excellent, the 5-year survival rate being over
95% [7]. For this reason, we think that the term ‘early gastric cancer’ is
more appropriate than ‘superficial carcinoma’ or ‘superficial spreading carci-
noma.’

4. INCIDENCE OF EARLY GASTRIC CANCER

At our hospital (AACH), the incidence of an early lesion among all gastric
carcinoma is shown in Table 1, accounting for a mean of 13.1% from 1964 to
1977. The incidence has not shown a significant increase since 1967. Takagi
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Table 1. Incidence of early gastric carcinoma (Aichi Cancer Center Hospital).

Year No. with ) No. early gastric cancer % early cancer
gastric cancer resected radically
1964 5 2 40.0
1965 303 20 6.6
1966 295 24 8.0
1967 256 27 10.5
1968 271 51 18.8
1969 282 33 11.7
1970 280 38 13.6
1971 260 37 14.2
1972 266 36 13.5
1973 270 35 13.0
1974 254 41 16.1
1975 279 31 11.1
1976 293 51 17.4
1977 266 43 16.2
Total 3580 469 13.1

et al. [10] reported that a ratio of early cancers to all gastric cancers operated
on had shown a significant increase during past decades. The rate was 2.1%
during the period from 1946 to 1955, 9.7% from 1956 to 1965, and 28.1%
from 1966 to 19795, respectively. In the United States, Ito er al. [11] reported
that the rate of early gastric cancer was 8.3% in the series of the University
of Chicago.

5. RADIOLOGICAL DIAGNOSIS

Radiological diagnosis of early gastric cancer stems from Gutmann’s pioneer
work over 40 years ago[2]. A significant improvement was made by Shirakabe
et al. [12], who established a double contrast radiologic method.

5.1. Method of Examination

The patient is premedicated intramuscularly with an antispasmodic 5 to 10
minutes before the examination to lessen gastric motility and to avoid rapid
flow of barium into the duodenum. For constipated patients, laxatives or a
cleansing enema should be given to eliminate colonic gas and feces.

To provide good visualization, it is necessary to give a patient a sufficient
amount of barium and air. The volume of barium given is usually more than
200 ml. With less barium the entire gastric mucosa cannot be coated evenly
to obtain good double contrast images. The volume of air to insufflate the
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Table 2. Pick-up rate by X-ray and endoscopic examination.

Period X-ray Endoscopy
1959-1962 66.7% 94.4%
1963-1967 86.3% 95.0%
1969-1971 86.7% 95.0%

Shirakabe et al. [14].

stomach adequately is also important. According to Maruyama, at least
300 ml of air is required for this purpose[13].

5.2. Results

A pick-up rate of abnormalities in the stomach by double contrast X-ray
examination was reported by Shirakabe er al. (Table 2) and compared with
that by endoscopic examination[14]

During the period 1959 to 1963, the detection rate was low, showing 66.7%
by X-ray examination, and endoscopy was superior to X-ray examination in
detection of abnormalities. During the period 1969-1971, X-ray examination
was improved, and the detection rate improved to 86.7%. Endoscopy did not
impact on this improvement.

Diagnostic accuracy for detection of malignancy is shown by Shirakabe et
al. [14] (Table 3). During the period 1959-1962, X-ray and endoscopic exam-
ination demonstrated diagnostic accuracies of 66.7% and 66.1% respectively.
During the period 1963-1967, the rates were elevated up to 82.5% and
83.8%, respectively. During the last period 1969-1971, a further significant
improvement was attained up to 95.0% and 93.4%, respectively.

5.3. Radiologic Findings of Early Gastric Cancer

5.3.1. Produced Types (Type I and la)

Barium filling study. Protruded types of early gastric cancer are generally
small and flat, usually without ulceration or scar formation. Therefore, bar-
ium-filled roentgenograms of the stomach may not disclose a typical filling

Table 3. Diagnostic accuracy of gastric malignancy.

Period X-ray Endoscopy
1959-1962 66.7% 66.1%
1963-1967 82.5% 83.8%
1969-1971 95.0% 93.4%

Shirakabe er al. [14].
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Figure 2. (a) A compression radiograph showing a filling defect at the angulus for a Ila
carcinoma. (b) A compression radiograph showing an irregular filling defect on the posterior wall
of the lower body, which is lobulated, and the surface is slightly nodular, suggesting a Ila type
early gastric cancer, later confirmed to be an intramucosal carcinoma. This photograph was
provided by Dr. M. Ito, Department of Internal Medicine, Nagoya City University.
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defect or even an indirect finding suggestive of a lesion. Unless at least a part
of the lesion is delineated on the films, the diagnosis of an elevated cancer
will not be made by a barium filling method. If a lesion is present on the
lesser or the greater curvature, or the adjacent area, the diagnosis could be
made with barium filled radiographs demonstrating a small filling defect or an
irregular contour. If a lesion is present on the anterior or the posterior wall of
the stomach, barium-filled radiography will not likely establish the diagnosis.
An antral lesion will be shown as a filling defect in the prone position of a
patient. Thus, a barium-filled radiograph may be able to pick up a lesion, but
not make a qualitative diagnosis.

Double contrast study. Double contrast X-ray examination plays an impor-
tant role in the diagnosis of a protruded lesion, clearly delineating its confi-

Figure 3. (a) A double contrast radiograph showing an irregular ulceration with a granular base in
the antrum. The converging folds are disrupted but not fused at the ulcer margin. This finding
suggested a Ilc type early gastric cancer localized in the ulcerated region, later confirmed
histologically to be intramucosal carcinoma. This photograph was provided by Dr. M. Ito,
Department of Internal Medicine, Nagoya City University. (b) A double contract radiograph
showing an irregular ulceration with thickened converging folds which are clubbed, disrupted but
not fused at the ulcer margin. There findings suggested a Ilc type early gastric cancer involving
the submucosa, later confirmed histologically.
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guration, size and features of the surface, but does not well delineate the
presence or absence of a stalk or the margins of the tumor, which are better
demonstrated by a compression study. the presence or absence of a stalk on a
protruded lesion is a key point to determine the diagnosis. A lesion in the
fundus or the upper body of the stomach cannot be effectively demonstrated
by compression. Such lesions will be better delineated in a semi-upright, left
oblique position on double contrast X-ray examination.
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Compression study. A compression study plays an important role in the
diagnosis of protruded early gastric cancers. The configuration, size and sur-
face features are well demonstrated by compression, especially in a lesion of
the lower body or the antrum of the stomach. Furthermore, a compression
study can reveal the presence or absence of a stalk and the border of a tumor.
A successful compression study can, therefore, make a diagnosis of a pro-
truded early gastric cancer (Figure 2).

5.3.2. Depressed Types

Types Ilc and llc+111. The characteristic features of these types are irregular
margins, a depressed base, and thinning, clubbing and fusion of the tips of
converging folds. A small and very shallow Ilc without converging folds
cannot always be diagnosed with certainty. However, well-visualized double
contrast radiographs show a barium fleck on a Ilc appearing area and a deeper
depression represents III (Figure 3).

Types Ill, 11l +1lc and benign peptic ulcer. To identify a III+ Ilc cancer and
to distinguish it from a benign peptic ulcer, one should be alert to the
adjacent mucosa of a benign appearing ulcer niche on X-ray films. A Ilc area
may be identified during a healing process of an ulcer with medical treatment.
An ulcer niche decreases in size. This phenomenon has been called a ‘mal-
ignant cycle of ulceration’ in gastric cancers and is commonly seen in ulcer-
ated early gastric cancers.

5.3.3. Features of Converging Folds in Depressed Early Gastric Cancers. Char-
acteristic features of the folds related to depressed early gastric cancers are
shown in Figure 4. The differential diagnosis between early malignant and
benign ulcerative lesions can be made on the basis of these features.
According to Shirakabe et al. [14], a routine radiologic examination revealed
86% of all gastric lesions and subsequent endoscopy added 9% to the discov-
ery rate. However, a more detailed radiologic examination did not increase
the discovery rate further. With routine X-ray series, 32% of all lesions were

Figure 4. Features of folds in early gastric carcinoma.
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interpreted as malignant, 30% as suspicious and 25% as benign. Subsequent
endoscopic examination reduced the rates of suspicious and benign radiologic
findings to 19% and 17% respectively. At a detailed X-ray series, 68% were
interpreted as malignant, 8% suspicious and 18% as benign. With detailed
radiologic and endoscopic examination, 86% were diagnosed as malignant,
8% as suspicious and 6% as benign. Shirakabe er al. concluded that biopsy
procedure would be needed in the diagnosis of 14% of the lesions[14].

Finally, the authors conclude that double contrast radiography plays an
important role in detecting early gastric cancers. Continuing correlative stu-
dies with endoscopic findings and gross appearances of the resected specimens
would be required for a more detailed understanding of the radiologic findings
of early gastric cancers.

6. ENDOSCOPIC DIAGNOSIS

A total of 476 patients with 496 early gastric cancers, found at the Gas-
trointestinal Endoscopy Unit, the Aichi Cancer Center Hospital during the
period 1965 to 1977 were classified by the Japanese Classification (Table 4).
The endoscopic diagnosis of the cases was evaluated at the following three
different stages: (1) the initial endoscopic examination; (2) before positive
biopsy or cytology; and, (3) after review of gastroscopic photographs following
positive biopsy or cytology.

Table 4. Macroscopic classification of 476 cases of early gastric cancer.

1965-1977

Type No. lesions %

I 43 8.7
[+1lc 5

Ha 35 7.1
[la+1Ib 2

[la+1Ic 52 10.5
llc+1la 13 2.6
[Ic+1Ib 5

Ilc 238 48.0
[Ic + 111 86 17.3
[I+1Ic 16 32

II 1

Total 496 100.0
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Table 5. Initial endoscopic diagnosis of early gastric cancer.

1965-1977

Endoscopic diagnosis No. cases %
Malignant

early cancer 246 51.7

advanced cancer 98 20.6

total cancer 344 72.3
Nonmalignant or inconclusive

ulcer or ulcer scar 87 18.3

polyps 16 34

gastritis 20 4.2

atypical epithelium 3

submucosal tumor 2

others 4

total 132 27.7
Total 476 100.0

6.1. Initial Endoscopic Diagnosis (Table 5)

At the inital gastroscopy, 246 (51.7%) of 475 cases of early gastric cancer
were correctly diagnosed and 98 (20.6%) were interpreted as advanced cancer.
A total of 344 cases (72.3%) were, therefore, correctly read as cancer on the
films taken at the initial gastroscopy. On the other hand, 132 (27.7%) were
regarded as non-malignant or inconclusive with the following diagnosis:
benign ulcer or ulcer scar, 87 (18.3%); polyps, 16 gastritis of various types,
20 submucosal tumor, 2; atypical epithelium (dysplasia), 3; and others, 4.

6.2. Endoscopic Diagnosis Before Biopsy or Cytology, (Table 6)

Before biopsy or cytology, repeat gastroscopy was performed in some cases
to improve diagnostic accuracy or to observe varied changes during a follow-
up period. A correct interpretation was made in 305 cases (64.1%) of early
malignancy and 106 (22.3%) of the total 476 cases were again read as
advanced cancer. However, 411 cases (86.4%) were correctly interpreted as
malignant lesion at this stage. Conversely, the number of the cases regarded
as benign were significantly reduced to 65 (13.6%) by repeat gastroscopic
examinations.

6.3. Final Endoscopic Diagnosis (Table 7)
Gastroscopic films of all but one of the cases were carefully reviewed after
malignancy had been confirmed by cytology or biopsy procedures. Either
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Table 6. Endoscopic diagnosis prior to biopsy and cytology.

1965-1977

Endoscqpic diagnosis No. cases %
Malignant

early cancer 305 64.1

advanced cancer 106 22.3

total cancers 411 86.4
Nonmalignant or inconclusive

ulcer or ulcer scar 50 10.5

polyps 10 2.1

atypical epithelium 3

submucosal tumor 1

other 1

total 65 13.6
Total 476 100.0

cytology or biopsy, or both done under direct vision with a fibergastroscope
were positive for malignancy in all of the 475 cases examined.

The diagnosis of early gastric cancer was successfuly made in 387 cases
(81.3%). However, the remaining 88 cases (18.5%) were still regarded as
advanced cancer in endoscopic appearance. Endoscopic criteria based upon the
Japanese classification of early gastric carcinoma were helpful in differentiat-
ing early carcinoma from advanced cancer in the majority of the cases, but
one should realize the limits of endoscopy as long as macroscopic criteria
alone are applied.

Table 7. Final endoscopic diagnosis of early gastric cancer.

1965-1977
Endoscopic diagnosis No. cases %
Early cancer 387 81.3
Advanced cancer 88 18.5
Gastric ulcer® 1 0.2
Total 476 100.0

* Biopsy or cytology not done before surgery.
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Table 8. Endoscopic misdiagnosis in relation to macroscopic type of early gastric cancer.

Type A B B/A (%)
No. lesions Those erroneously
diagnosed as
benign or inconclusive

I 43 10 23.3
I+1Ic 5 0 0

Ila 35 7 20.0
[la+1Ib 2 1 50.0
[la+1Ilc 52 2 38
[lc+Ila 13 0 0

[le+1Ib 5 1 20.0
Ilc 238 33 13.9
[le+111 86 12 14.0
I+ 1lc 16 7 43.8
11 1 1 100.0
Total 496 74 14.9

6.4. Endoscopic Misdiagnosis in Relation to Macroscopic Type of Early
Gastric Cancer (Table 8)

Before biopsy or cytology, 65 cases (13.6%) were still diagnosed as benign
or inconclusive by endoscopic observation or film internretation. The 65 cases
included 50 interpreted on endoscopic examination as benign ulcer or ulcer
scar, 10 as a polyp, 3 as a typical epithelium (dysplasia) and 2 as others (Table 8).

Type I and Ila were occasionally diagnosed as gastric polyps. Type III+Ilc
were often interpreted as a benign gastric ulcer because the IIc component can
be easily overlooked. Type IIc+III and Ilc were less frequently misdiagnosed.
Thus, we found that the endoscopic differentiation between benign and ma-
lignant lesions is difficult in some cases of early gastric cancer[16].

6.5. Role of Endoscopic Biopsy

Endoscopic biopsy plays an important role in establishing the correct diag-
nosis of malignancy and in determining the extent of the cancer, mainly its
upper margin and rarely, the lower margin[16]. The sites of biopsy are
important.

In an ulcer that appears benign, at least four biopsy specimens are taken,
one from each of the four sectors of the ulcer margin (Figure 5). If the ulcer is
malignant, at least one specimen can be expected to be positive. From a
lesion having the type Ilc configuration, at least three specimens are
obtained from a suspicious area to establish the diagnosis, and an additional
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Figure 5. Site of biopsy in benign appearing ulcer.

Figure 6. Site of biopsy in Ilc appearing lesion.

four biopsies are taken from the surrounding margins to delineate the extent
of cancer (Figure 6). This information can help the surgeon in designing the
extent of resection and deciding whether a distal or proximal gastrectomy will
be required.

In our experience biopsy provides an accurate diagnosis in 94.6% of cases
at the first examination. Thus, cytologic examination is usually unnecessary
in the diagnosis of early gastric cancer (Table 9). We now utilize brush
cytology selectively in cases with negative biopsy or stenosis proximal to the
tumor, and more often in cancer of the cardiac area of the stomach[17, 18].

Table 9. Results of endoscopic biopsy in 464 patients with early gastric cancer — 1965-1977.

Sequence of No. yielding Cumulative
endoscopic positive diagnostic
procedures results accuracy
First 439 94.6%
Second 18 98.5%

Third 2 98.9%
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6.6. Endoscopic Differential Diagnosis of Early Gastric Cancer and Benign
Peptic Ulcer [16)

Considerable number of gastric cancers resemble a benign peptic ulcer.
Endoscopic recognition of a Ilc area surrounding a deper benign appearing
ulcer is most important to avoid a delay in diagnosis. A IIc area usually
appears so red that the differentiation between a Ilc cancer and regenerating
tissues at the margins of a benign peptic ulcer is sometimes difficult. There-
fore, an appropriate biopsy method is imperative for differentiation.

The authors[19] collected 16 cases of early gastric cancer from a surgical
series at the University of Chicago during the period from 1955 to 1969. Of
the 13 cases examined endoscopically, 4 were regarded as benign peptic
ulcers.

Evans et al. [20] commented that, while the early detection of gastric cancer
has been facilitated by endoscopy and endoscopic biopsy, endoscopic diagno-
sis by observation alone was correct in only four of nine cases of early gastric
cancer; the remaining five cases were interpreted as benign peptic ulcers.
Biopsy was positive in six patients. In most cases misdiagnosed by endoscopic
inspection, a small Ilc area surrounding a deeper peptic ulceration (III) was
overlooked. As Ito et al. [11] pointed out, a lesion may be seen only tangen-
tially and then incompletely with a forward-viewing instrument, so that
important features of early gastric cancer such as disruption and clubbing of
the folds and irregular depression of the ulcer margin may be poorly demon-
strated. With a side-viewing instrument with gastrocamera, it is usually
possible to photograph the lesion, en face and to scrutinize more details of
the folds and ulcer margin.

In our experience, intragastric photography using a side-viewing instru-
ment, such as the Olympus GTF, has been very helpful in detecting small Ilc
areas on film and has aided in guiding subsequent endoscopic biopsy.

The following are typical samples of depressed types of early gastric cancer.
Figure 7 shows a discolored area with converging folds representing Ilc.
Figure 8 shows a discolored area with converging folds representing a Ilc
cancer surrounding a deeper central ulceration, making IIc+III. Figure 9
shows a close view of an ulcer demonstrating an apparently benign ulcer.
However, a more distant view (Figure 10) demonstrates a shallow depression
surrounding the benign-appearing ulcer, suggesting this lesion to be malig-
nant, namely III+Ilc-type of early gastric cancer.

6.7. lllustrative Cases

6.7.1. Case 1. A 28-year-old man presented with mild fasting epigastric
pain. Gastroscopy revealed a punched-out ulcer at the angulus (Figure 11).
Our endoscopic impression was that the ulcer was undoubtedly benign. Howev-
er, biopsy from the area of erythema on the anterior aspect of the ulcer
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Figure 7. Gastroscopy revealed a discolored area representing Ilc..

Figure 8. Gastroscopy revealed a discolored area with converging folds representing a Ilc
surrounding a deeper central ulceration (arrows), making Ilc+1II.
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Figure 9. Gastroscopy revealed a close view of an ulcer (arrows) demonstrating an apparently
benign ulcer.

Figure 10. A more distant view of the ulcer in Figure 9 demonstrating a shallow depression
(arrows) surrounding the benign appearing ulcer, suggesting the lesion to be malignant, namely
HI+1Ilc type of early gastric cancer.
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Figure 11. Gastroscopy revealed a punched-out ulcer at the angulus.

Figure 12. The gross specimen showing the ulcer almost healed (arrow).

revealed signet-ring cells. In the resected specimen the ulcer was almost
healed (Figure 12). Histologically, cancer cells were limited to the mucosa
(Figure 13). This was our most difficult case in distinguishing a small type Ilc
area at the margin of a deeper ulcer crater that appeared benign.
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Figure 13. Cancer cells of signet-ring and presignet-ring types are limited to the lamina propria.
HE x 137.

6.7.2. Case 2. A 49-year-old man who had had a long history of gastric
ulcer presented with a recurrent fasting epigastric pain in August 1979.
Gastroscopy on admission revealed a peptic ulcer at the angulus. After 6
weeks of cimetidine treatment the ulcer showed almost healing. Two months
after discharge gastroscopy showed relapsing of the ulcer with an irregular
upper margin (Figure 14). A III+Ilc early cancer was suspected. Endoscopic
biopsy was performed and one of four specimens taken from the four sectors
of the ulcer margin was positive for signet-ring cells. Gastrectomy was per-
formed and cancer cells were confined to the mucosa. No lymph node
involvement was found.

The author would like to emphasize the importance of identifying a Ilc area
at the margins of a deeper ulcer to distinguish a depressed type of early
gastric cancer from a benign peptic ulcer. In addition, it is important that
biopsy be performed earlier during the period of follow-up of even benign-
appearing lesions in order to avoid delay in appropriate treatment.
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Figure 14. Gastroscopy revealed relapsing of ulcer with an irregular upper margin (arrow), suggest-
ing a suspicion of III+Ilc type early cancer.

6.8. Endoscopic Dye-Scattering Method

A small malignant gastric cancer may be overlooked by ordinary endos-
copic examination. In an attempt to make such lesions conspicuous, a dye-
scattering method with methylene blue was introduced by Yamakawa et al. in
1966 [21].

To obtain adequate staining, a proteolytic enzyme solution is initially given
orally to the patient to remove gastric mucus covering the surface of the
stomach. Then a small amount of 0.5% methylene blue is given orally or
through a nasogastric tube. The patient is required to move frequently to
spread the dye solution evenly throughout the stomach. Then the gastroscope
is introduced into the stomach. Dark blue staining is observed in cancer and
intestinal metaplasia. Normal gastric mucosa, peptic ulcer or scar, erosion,
benign polyp and gastritis without intestinal metaplasia do not stain. In a
depressed type of early gastric cancer such as Ilc, this method is very helpful
to delineate the contour of a lesion by staining the depression with methylene
blue. This helps not only to identify a depressed lesion but also to determine
the extent of cancer. Biopsy should be performed on both the inside and
outside of the depression.

Suzuki et al. [22] reported that of 36 gastric cancers, 33 (92%) were suc-
cessfully stained and demonstrated that methylene blue is clearly visible in
the superficial cells of cancerous lesions and intestinal metaplasia. Thus, a
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dye-scattering method is a valid adjunct to identify a depressed early gastric
cancer and its extent.

7. CYTODIAGNOSIS

As mentioned earlier, biopsy is accurate in the diagnosis of gastric cancer at
the first examination. Therefore. cytologic approaches became less important.
When a lesion is visualized endoscopically, biopsy is the method of choice for
diagnosis. Those lesions with a proximal stricture through which the fiber-
scope cannot reach should be brushed to make a cytological diagnosis of
gastric cancer[17].

7.1. Brushing Technique

Because of the complexity of earlier technique, a gastric lavage cytology
brushing method introduced by Kameya et al. in 1964 [23] was established at
the Gastrointestinal Endoscopy and Cytology Laboratories, University of
Chicago in August 1968 [24]. After a lesion has been brought into the center
of a visual field on gastroscopy, a nylon brush is introduced through a biopsy
channel and advanced to the lesion. Bleeding is usually seen at the site or in
the vicinity of the lesion after successful brushing. The material is smeared
on glass slides immediately after withdrawing the brush. Fixation, staining
and reading are subsequently made.

Since June 1970 we have been employing a brushing technique through
fiberoptic instruments in the following circumstances [25, 26): (1) cases with
negative biopsy results; and (2) the presence of a marked stenosis which does
not allow the biopsy forceps to reach the site of the tumor itself under direct
vision. Thus, brushing cytology plays a supplementary role to biopsy in many
cases. This technique is particularly useful for the diagnosis of carcinoma of
the cardia of the stomach with a marked stricture[18]. A combined use of
biopsy and brushing made a correct diagnosis in 121 (90%) of 135 patients
with carcinoma of the cardia (Table 10).

Although the presence of malignancy is quite probable in cases with a
marked stenosis in the esophagus or the cardia, the possibility of a benign
stricture should first be excluded. A definitive histological diagnosis should be
made to facilitate the choice of appropriate treatment on the basis of the
cellular type. Therefore, it is especially important to obtain a positive brush-
ing result in cases with negative biopsy in order to initiate an appropriate
therapeutic approach for a juxtacardial lesion suggestive of malignancy. Cyto-
logy is more accurate than biopsy in gastric cancer involving the cardia and
also is more reliable in stenosing tumors as reported by us[18,26] and by
Witzel et al. [27]. A combined use of biopsy and brushing raised diagnostic
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Table 10. Results of brushing cytology in 135 patients with carcinoma of the cardia — June 1970
to Dec. 1976.

Brushing Biopsy No. patients
Positive Positive 81

Positive Negative 23

Positive Not done 2

Negative Positive 15

Negative Negative 14

Brushing positive 106/135 (78%)

Biopsy positive 96/133 (72%)

Brushing and/or biopsy positive 121/135 (90%)

accuracy approximately 20% in gastric cancer involving the cardia or the
lower esophagus in cases showing a mucosal elevation, thick folds or a tight cardia
stenosis on esophagoscopic examination [18]. Therefore, the brushing technique
is especially recommended for use on such occasions.

8. HEALING OF ULCERATION IN GASTRIC CANCER

There has been controversy on the malignant transformation of a benign
peptic ulcer of the stomach. In 1940, Mallory [1] reported four cases of ulcer
cancer which had shown a healing tendency. In 1944, Palmer and Hum-
phreys [28] also reported the role of peptic digestion in ulceration in preexisting
carcinoma that could heal completely with medical treatment.

In 1960, Murakami[29] pointed out that there seems a life cycle of ulcera-
tion, healing and recurrent ulceration for malignant ulcers, especially in early
gastric cancer and later termed the course as ‘malignant cycle.’

From December 1964 to December 1974, 13 patients with gastric cancer
were followed up for more than 6 months with the initial diagnosis of a
benign gastric ulcer [30]. Nine of the 13 lesions demonstrated the so-called
‘malignant cycle’ during the follow-up period (Table 11). With regard to the
depth of these lesions, three were intramucosal cancers, two invaded the
submucosa and four were advanced cancers with involvement of the propria
muscle. It is also interesting that all of the signet-ring cell carcinomas and all
poorly-differentiated adenocarcinomas showed a malignant cycle. These
lesions are very similar to benign peptic ulcers in clinical symptoms, gross
type and location. A peptic etiology for the ulceration is suggested by the
presence of acid secretion in all the six patients examined in our series. Sakita
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Table 11. Malignant cycle.

Number of cases 9(13)

Depth of cancer

m 3(6)
sm 2(3)
pm 4(4)
Histologic type
signet ring cell 303)
poorly diff. 33
well diff. 303)
mod. diff. 0(2)

() Total number.

et al. also noted that all their patients showing a malignant cycle of ulceration
demonstrated acid secretion[31]. With the progress in biopsy technique, a
delay in the diagnosis of such malignant ulcers showing a healing tendency
has been reduced.

8.1.1. Case. A 59-year-old man presenting with epigastric pain followed by
hematemesis was treated as a benign peptic ulcer for three months in 1963.
In may 1969, the patient developed epigastric pain and upper gastrointestinal
series revealed a niche on the lesser curvature of the lower body which was
thought to be benign (Figure 15). Gastroscopy demonstrated an ulcer with
whitish exudate, also appearing benign (Figure 16). Four months later in
September 1969, The ulcer almost healed with converging folds. Gastroscopy
demonstrated a tiny ulcer at that time (Figure 17). In January 1970, the ulcer
recurred on the lesser curvature of the lower body (Figure 18), again appear-
ing benign, and healed in three months. In May 1970, the ulcer recurred,
appearing irregular in shape with disrupted converging folds (Figure 19). The
ulcer base was smooth but the margins were irregular and slightly depressed
in the vicinity of a whitish base. A III+IIc type early gastric cancer was
suspected. Biopsy was positive for signet-ring cells. Gastrectomy was per-
formed but it was still difficult to make a diagnosis of gastric cancer, even
from the gross specimen, which did not show characteristic features of ma-
lignancy. Histologically, signet-ring cell carcinoma was found.

As shown in this case, complete or considerable healing is not a criterion
for benignity of an ulcerated lesion, which phenomenon has also been
described in the western literature [32].
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Figure 15. UGI series revealed a niche on the lesser curvature of the lower body which was
thought to be benign.

9. SMALL CANCER OF THE STOMACH

A recent advance has been in detection of small gastric cancers, the so-
called ‘microcarcinoma.” A small lesion is likely to*be an early cancer,
although even a large lesion can still be early on rare occasions. Qur current
efforts center on improving detection of ¢ microcarcinoma.’
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Figure 16. Gastroscopy demonstrated an ulcer with whitish exudates, appearing benign.

Figure 17. Gastroscopy demonstrated an almost healed ulcer (arrow).

During a 12-year period from 1965 to 1977, ‘microcarcinoma’ of the
stomach less than 1 cm in size on the gross specimen was found in 19 (3.9%)
of 484 patients with early gastric carcinoma operated on at the Aichi Cancer
Center Hospital [33].
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Figure 19. The recurred ulcer was irregular in shape and the converging folds appeared disrupted
(arrow).

Three asymptomatic patients were suspected to have a small lesion by mass
screening X-ray examination of the stomach. Three asymptomatic and six
symptomatic patients came to the outpatient clinic to undergo a thorough
examination of the upper gastrointestinal tract. Three were thought as follow-
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up to have a benign lesion (polyp or peptic ulcer). Two patients developed a
second lesion during the follow-up of a benign disease. In the remaining two,
a second tumor was incidentally found on the resected stomach operated on
for early gastric carcinoma.

There were 13 symptomatic and 6 asymptomatic patients. The former
included 10 with epigastric pain and 3 with epigastric fullness. X-ray diagno-
sis was correct in only three (16%), probably benign in nine (47%) and
normal in seven (37%). Endoscopic diagnosis was correct in six (32%), suspi-
cious of malignancy in eight (42%) and benign in five (26%). An endoscopic
biopsy established a diagnosis of cancer in 15 of 17 patients on the initial
examination. A repeat biopsy was required in two patients to make a positive
diagnosis. Regarding the gross type, Ilc was seen in ten (53%), Ila in seven
(73%) and Ila+Ilc in two.

Roentgen diagnosis was less reliable than endoscopy, which could pick up
an abnormality in all the patients. It is, therefore, concluded that a combined
use of X-ray and endoscopic examination will be necessary to detect a small
lesion of gastric carcinoma and early performance of biopsy will make a
definitive diagnosis.

A representative case is presented. A S56-year-old man presented with
epigastric pain. Upper gastrointestinal series revealed no abnormality. Howev-
er, gastroscopy revealed a small irregular depression on the greater curvature
of the antrum, which was thought to be a Ilc lesion (Figure 20). Biopsy was

Figure 20. Gastroscopy revealed a small irregular depression (arrows) on the greater curvature of
the antrum, which was thought to be a llc lesion.
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Figure 21. Microscopic photograph revealed a minute focus (arrows) of well differentiated adeno-
carcinoma without invasion to the muscularis mucosae. HE x 30.

positive for well-differentiated adenocarcinoma. The patient underwent a dis-
tal hemigastrectomy and the gross specimen showed a 3x3 mm shallow
depression. Histologically, it was a well-differentiated adenocarcinoma without
invasion of the muscularis mucosae (figure 21).

The frequency of ‘microcarcinoma’ less than 1 cm in size was reported to
be 3-13% in a collective review in 1969[34]. It is very important that
advanced cancer was seen in 1.5% of such small cancers, which makes efforts
to detect such small lesions extremely valuable.

Such a small cancer is sometimes misdiagnosed as a benign disease or is
occasionally found as the second lesion during follow-up of a preexisting
benign lesion. Even a benign lesion should be followed up very carefully to
avoid a misdiagnosis, especially in patients at high risk for gastric cancer,
namely patients over the age of 40 or with a family history of gastric cancer,
or members of a race with high incidence. In our series, six of 19 patients
(30%) were asymptomatic. Thus, a smaller lesion has more chance to be
asymptomatic.

Endoscopy was superior to radiologic examination as a diagnostic method
for detecting a small cancer because it could indicate some abnormalities in
all the lesions in our series. A differential diagnosis from benign disease was
not very easy even by endoscopic examination. A correct interpretation was
made in only 30% of the cases in our series.
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Endoscopic features are a shallow, irregular depression, irregular base, dis-
coloration and nodular margins, according to Fukutomi et al. [35]. Endoscopic
biopsy was positive for carcinoma in 15 of 17 patients at the initial examina-
tion and became positive in the remaining two patients at the repeat exami-
nation.

Although endoscopic biopsy is decisive, an ill-planned biopsy may result in
inadequate visualization because of bleeding: to establish the diagnosis with
one biopsy specimen. Improvements of biopsy techniques with magnifying
observation or dye-scattering techniques emphasizing the surface features can
be expected in the future.

10. MASS SCREENING FOR GASTRIC CANCER

Detection of early gstric cancer has been increasing at outpatient clinics as
people become more educated about cancer prevention. However, early
lesions comprise only 15-20% of gastric cancer at present. How can the rate
be increased? In Japan, we have been employing a mass screening system for
detection of gastric cancer mainly in asymptomatic populations since 1960,
using a bus equipped with an X-ray machine for an indirect barium meal
study.

Mass screening by a radiologic method was first attempted in the United
States a long time ago[36-38] but did not last long due to both financial
reasons and rapid decline in the incidence of gastric cancer in the United
States. A similar idea occurred later to the Japanese, who have had a very
high incidence of gastric cancer in the past 30 years. Mass screening employ-
ing X-ray methods has rapidly expanded throughout the country and is
currently contributing greatly to early detection of gastric cancer in Japan. In
1975, 3,000,000 people underwent gastric mass screening and of these, 3022
were found to have gastric cancer, including 934 with early cancer[39].

10.1. Method

The branch of Japanese anticancer society in each prefecture has its own
bus equipped with X-ray instruments. Each morning a bus can deal with
50-60 subjects for X-ray examination of the stomach in a certain factory or
town.

250 ml of barium and gas-producing agent are given to take double contrast
X-ray films. Each examination finishes in 3-4 minutes after taking six films
of the following:

1. Mucosal folds in supine position.
2. Mucosal folds in prone position.
3. Double contrast method in supine position.
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4. Barium filling in prone position.
5. Barium filling in upright position.
6. Barium filling in right oblique, upright position.
Presently, these six exposures are thought to be appropriate to cover the
entire stomach after detailed assessment.

10.2. Results

Ten to fifteen per cent of the subjects examined are recalled for further
evaluation. The method for the second check is based on the finding on mass
screening X-ray films and is usually endoscopic examination. At the same
time, endoscopic biopsy is done for a suspicious lesion. X-ray examination is
not often employed as a detailed procedure of evaluation.

Gastric cancer is detected in an average of 0.5% of all examinees in this
mass screening method. In 1975, early cancer accounted for 31% of all gastric
cancer in an overall series throughout the country[39]. However, the fre-
quency of early cancer is only 13% among all the gastric cancers treated at
the Aichi Cancer Center Hospital, Nagoya, Japan.

According to Kaneko et al. [40), the five-year survival rate for gastric cancer
was 53.4% in patients from mass screening and 27% in patients found at the
clinics. In advanced gastric cancer, the five-year survival rate was 29% in
mass screened patients compared to 24% in hospitalized patients. The rate of
early cancer reported by Kaneko et al. was 42.6% in mass screening group
and 22.7% in hospitalized patients with gastric cancer[40]. At the ACCH, the
rate was less than 10% in the initial period (1965-1966) but was raised more
than 10% after 1967, the highest being 18.8% in 1968. The mean value was
13.1% during the period 1965~1977 (Table 1).

To increase the finding of early gastric cancer in the future, screening to
bring such patients to the hospital should be expanded or the rate will never
go up to 20%. Once such patients visit the hospital, early cancer will be
readily recognized by currently available diagnostic procedures such as double
contrast X-ray examination, endoscopy, cytology and biopsy.

The age at the diagnosis of gastric cancer is generally younger in the mass
screening group than in hospitalized patients[41]. This suggested that if those
patients detected in mass screening did not take a mass screening examina-
tion, they would develop subjective symptoms within a certain period and
visit a clinic some years later.

10.3. Problems to be Resolved in Mass Screening

In Japan, a mass screening program for detection of gastric cancer has been
supported by the Japanese government as a public health policy. Neverthe-
less, the population undergoing the survey is not over 10% of those over the
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age of 40. It is evident that this policy cannot be nationwide even for the
Japanese people, who suffer from a high incidence of gastric cancer.

This method can deal with a number of subjects for a short time, but causes
a considerably high false-positive rate. Those examined undergo a psychological
burden until the final diagnosis has been made.

The next is a financial problem. Ten to fifteen per cent of subjects exam-
ined are sent for further evaluation, which costs $15,000 to detect a gastric
cancer and $40,000 to detect an early cancer[42]. Yearly X-ray examination
for mass screening may raise a problem of radiation injury in the future.

However, Ichikawa[43] stated that a yearly check-up will give far more
benefit than losses from radiation injury in a high-risk population. Hiraya-
ma [44] reported that although no increased incidence of leukemia has been
observed in the screened group compared to the general population, a careful
follow-up would be needed to investigate this problem further.

From the above, it seems very difficult to expand this screening program
for many reasons. However, there seems no better way of mass screening
than the simple X-ray method currently being done. It will be mandatory to
establish a mode of epidemiologic prevention in the near future.
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7. Cancer of the Gastric Stump

KLAUS DAHM

Cancer of the gastric stump in patients previously operated on for benign
disease was first mentioned by Balfour[l] in 1922 and was subsequently
described after gastroenterostomy by several authors[2, 3]. Today, cancer of
the gastric stump is no longer the great rarity it was once considered to be. By
1972, Morgenstern [4] had found more than 1100 cases and, by 1979, about
3000 cases had been published[5]. Although the etiology is not yet known
completely, the possible development of cancer within the gastric stump has
influenced trends of modern gastric surgery toward more conservative proce-
dures such as vagotomy in the treatment of peptic ulcer. Our present know-
ledge of carcinoma of the gastric stump is the result of a close collaboration
among gastroenterologists, surgeons and pathologists. The facts collected from
all these sources have contributed substantially to the pathogenesis of this
malignancy.

1. DEFINITION

Cancer of the gastric stump comprises a carcinoma developing after either
partial gastrectomy or after gastroenterostomy. Cancer is rarely observed
today after gastroenterostomy, because gastroenterostomy as the only proce-
dure has been abandoned in the treatment of ulcer disease.

When defining a cancer of the gastric stump, two criteria should be
fulfilled: 1. The previous operation (partial gastrectomy or gastroenterostomy)
should have been carried out for benign disease; and 2. To rule out the
presence of an occult carcinoma at the time of the first operation, a time
interval of at least five years should have elapsed since the original gastric
resection.

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 165-186. All rights reserved.
Copyright © 1981 Martinus Nijhoff Publishers, The Hague/Boston/London.
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2. INTERVAL BETWEEN RESECTION FOR ULCER AND MANIFESTATION OF
GASTRIC STUMP CANCER

The average interval from the first operation (resection for ulcer) and the
time of the diagnosis of the stump carcinoma varied between from 23 to 27
years[6—-8]. The mean interval calculated from our patients treated at the
University Hospital of Hamburg was 24 years (Figure 1). Several authors have
pointed out the increasing risk that threatens the patient with partial gastrec-
tomy from the tenth year onwards[9-11]. The relative risk from gastric
stump cancer is very low before the tenth year; it rises to six to eight times as
much between the 15th and the 30th year after the intitial operation[12].
Similar results were found using endoscopy as a screening method[13].
According to these findings, one can expect that, after a latency of 20 years
or more following partial gastrectomy every fifth patient may develop a
cancer of the gastric stump. Several authors noted that the interval was
greater for those who underwent surgery at a younger age[10, 14-16].

Figure 1. Mean interval between resection for ulcer disease and manifestation of cancer of the
gastric stump (n = 58; University Hospital of Hamburg).

3. EPIDEMIOLOGY

The frequency of cancer of the gastric stump varies considerably in differ-
ent parts of the western hemisphere. Cancer of the gastric stump has been
reported to occur often in Central Europe[7, 10, 17], especially in the regions
of the Alps{13, 18-20] as well as in certain parts of Scandinavia[8, 12, 21, 22].
Contrary to these findings, this special form of malignancy seems to be
observed seldom in Great Britain and in the United States [3,4,23-27]. Only a
few reports, describing individual cases, have been published in France and in
Italy [28-30]. In Japan, where gastric cancer is six times more frequent than
in the United States, cancer of the gastric stump is not observed more often
than common gastric cancer[31]. The epidemiology is influenced not only by
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the eating habits or possible contact with noxious substances but also by the
type of partial gastrectomy employed for ulcer treatment in the respective
medical centers. Also, the interest of the gastroenterologists to look for special
sequelae such as gastric stump carcinoma in gastrectomized patients fluc-
tuates considerably and may, therefore, alter the true picture.

The age distribution of patients with a gastric stump carcinoma does not
differ from that of patients with common gastric cancer. There is a mean age
peak of 64+4 years[6, 16, 18, 19]. The mean age of patients treated or seen
for common gastric cancer at the University Hospital of Hamburg was 66
years.

Cancer of the gastric stump is much more common in men than in women.
The figures reported so far vary between 3.5:1 (male to female) and
10:11[4, 18,21, 25, 32, 33]. According to Saegesser[34], the sex ratio is 17:1.
The ratio for the common gastric cancer amounts to 1.76:1 in Central
Europe [35]. The predominance of the gastric stump carcinoma in the male
sex may be explained by the fact that the underlying ulcer disease leading to
partial gastrectomy has a higher incidence in men than in women. It is
unknown whether estrogen hormones are able to stimulate cytoprotective
agents such as prostaglandins in the stomach mucosa of patients subjected to
partial gastrectomy.

Blood group A is seen more often in association with gastric cancer than in
the general population, and the same is found in patients with carcinoma of
the gastric stump|[16, 36].

4. OCCURRENCE

4.1. Autopsy Studies

A strictly controlled retrospective study, based on autopsy material, was
performed in Oslo 1971 [11]. Among 630 cases of gastric cancer submitted to
necropsy, the frequency of previous gastric surgery for ulcer was increased to
about six times the frequency among matched controls for those patients
operated on 25 years and more before death. The difference was statistically
significant (p<0.005). A similar study was made in Helsinki[37]. Of 464
patients dying with gastric cancer, nine had previously undergone a partial
gastrectomy, while the respective number among the controls was five. The
difference between the two groups was not statistically significant and, there-
fore, a conclusive answer to the question whether partial gastrectomy implies
an increased risk for carcinoma cannot be given from this report.

Two statistical studies based on a large amount of autopsy material have
been published in Austria. Among 50 000 autopsies at the University Hospi-
tal of Vienna, 363 cases of gastric cancer were observed to have had a partial
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gastrectomy either according to Billroth II, or to Billroth 1 or a simple
gastroenterostomy [19]. Forty of them showed a cancer of the gastric stump
(11%). The respective figure of common gastric cancer in the rest of the
49 637 cases was 5.3%. This ratio demonstrated that gastric cancer was twice
as frequent in partially gastrectomized subjects as cancer in the population not
operated on. In Innsbruck, similar results were found from a smaller number
of autopsies (n = 9857)[38]. In this study, the proportion with cancer of the
gastric stump was 8.29%, whereas the incidence of gastric cancer in intact
controls amounted to 5.4%.

4.2. Follow-up Studies

Retrospective long term follow-up studies of patients after partial gastrec-
tomy were performed in Norway as well as in Sweden(8,22]. In Oslo,
Helsingen and Hillestad [8] drew attention to the fact that it was not the
proportion of stump cancer in itself that is deciding but one must compare
the observed incidence with the total expected incidence in the whole popu-
lation. These authors divided the observation period into ten-year segments
with men and women considered separately. The incidence of cancer among
those whose stomach was partially resected for gastric ulcer was three times
higher than expected, while in those operated on for duodenal ulcer, the
figure was of the order expected. In Sweden, Krause [22] followed up the fate
of 362 patients with partial gastrectomy operated on between 1905 and 1933.
Of the total, 212 had succumbed, 28 from cancer of the gastric stump (7.7%).
In southern Germany, Griesser and Schmidt [7] examined 580 patients several
decades after partial gastrectomy for gastric ulcer; these authors found a
gastric stump carcinoma in 77 (13.3%).

Similar results were obtained by different authors using endoscopic screen-
ing methods to follow up patients with partial gastrectomy. Schmid et al. [10]
evaluated 24 000 gastroscopies and found 609 patients with a gastrojejuno-
stomy (Billroth II procedure). Of the 609, 39 showed a cancer of the gastric
stump (6.4%). The increased incidence of cancer of the gastric stump, com-
pared to the incidence of cancer in the normal population, has been confirmed
by other endoscopists[9, 13, 39]. In Switzerland, 6341 patients with partial
gastrectomy were analyzed in different centers of endoscopy [13] after a post-
operative interval of ten years or more. The overall incidence of cancer of the
gastric stump was 15.1%, whereas the incidence among patients not operated
on (n = 29 361) was 0.95%. Based on endoscopy, Domellof and coworkers [9]
reported the expected and observed number of stump carcinomas in patients
operated on according to Billroth I or Billroth II. They noted that an increased
risk is found only in male patients 12 years and more after operation (Figure
2).

In summarizing the results reported in the literature, most authors agree to
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Figure 2. The expected and observed accumulated numbers of stump carcinomas in male and
female patients operated on for benign disease (according to [39]).

a causal relationship of partial gastrectomy and increased risk of development
of cancer in the gastric remnant. However, some investigators did not observe
in their material a higher frequency of stump carcinomas than expected in the
normal population with intact stomach[37,40,41]. Therefore, the question
whether gastric resection for ulcer disease implies an increased risk for subse-
quent cancer remains a matter of dispute. It seems justified, however, to
make the following remarks.

1. Prospective controlled analyses covering 5 to 40 years do not exist. On
ethical as well as practical grounds, it seems impossible to accomplish such
studies in the future.

2. Autopsy studies as well as endoscopic studies may be involved with the
error of a positive selection of the patients.

3. Clinical follow-up studies supplying dates about a possible cancer risk
reflect the situation at the point of examination. They show a momentary
view and, as all survivors might still be able to develop a stump cancer,
published values are the least possible figures.

4. In about 75% of the cases , common gastric cancer is localized to the
antrum and corpus regions. When this portion of the stomach is removed
because of ulcer disease, the expected frequency in later cancer development
should amount to about 25%. However, the opposite seems to occur.

5. ETIOLOGY

5.1.. Duodenogastric Reflux and the Development of Gastric Stump Cancer
Clinical as well as experimental observations have pointed to the important
role of duodenogastric reflux occurring in the gastric remnant from certain
types of gastroenteric anastomosis. Bile, the main component of the duode-
nogastric reflux, is known to act as a detergent, thereby damaging the muco-
sal barrier of the stomach[42]. Atrophic gastritis, intestinal metaplasia, and
cystification of the mucosal glands are the alterations typically occurring in
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Figure 3. Development of gastric stump carcinoma following different types of partial gastrecto-
my. Polya type B II resection undergoes unavoidable reflux, Roux’s GE undergoes no reflux
(n = 93; cases were collected from various hospitals of Hamburg).

the vicinity of a gastroenteric anastomosis([4, 39]. Atrophic gastritis is
thought to be the main risk factor for the development of gastric carcino-
ma [43, 44].

Analysis of the different gastroenteric anastomosis, close to which the
malignant growth often is observed, has shed some light on the effect of
duodenogastric reflux on the development of a gastric stump carcinoma. In
the majority of cases, gastric stump carcinoma arises in patients operated on
decades earlier according to the Billroth II procedure — Polya-type [45]. When
a Polya-type Billroth II procedure is performed, reflux of bile and duodenal
secretions regularly pass through the gastric stump, whereas other gastroent-
eric anastomosis such as Braun’s type GE or the Billroth I procedure effect
only a partial reflux into the gastric remnant (Figure 3). The high incidence of
stump cancer, following a Polya type Billroth II resection, is due not only to
the relative frequency of this type of gastric resection but also to the unavoid-
able reflux after this procedure. Therefore, it seems probable that cancer of
the gastric stump develops as the consequence of an unintentional ‘experi-
ment’ taking several decades to manifest itself.

In animal models, cancer of the gastric stump develops preferentially in the
gastric mucosa underlying a continuous duodenogastric reflux [46, 47].

5.2. Development of N-nitroso-compounds in the Gastric Stump

Increasing attention has been paid to the influence of gastric surgery on
bacterial flora of the gastric juice [48—-50]. Metabolically active bacteria capable
of generating nitrite from nitrate and of catalyzing nitrosation may occur in
the gastric juice under certain circumstances such as hypochlorhydria or
achlorhydria[49]. On the premiss of a high ingested concentration of nitrite
the formation of carcinogenic nitrosamines is possible [48]. In a recent study,
the concentration of nitrite and N-nitroso-compounds was examined in the
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fasting gastric juices of 44 patients operated on for ulcer disease [51]. Two and
a half years had elapsed since operation. A significant increase of nitrite
concentration was found in the gastric juices of subjects undergoing partial
gastrectomy according to Billroth I as well as to Billroth II. However, N-
nitroso-compounds were elevated only in patients operated on according to
the Billroth' I procedure as compared to healthy controls. The results of this
study demonstrated that the Billroth II type gastroenteric anastomosis creates
conditions leading to the formation of potent carcinogens.

3.3. Relationship of Type of Ulcer Disease and Gastric Stump Cancer

The question whether the underlying ulcer disease, i.e. gastric ulcer or
duodenal ulcer, affects the late prognosis of patients with partial gastrectomy
is still a matter of dispute. The study of Helsingen and Hillestad [8] demon-
strated that, in the group of patients operated on for gastric ulcer, the observed
frequency of stump cancer was three times higher than expected (p<0.001).
In the group operated on for duodenal ulcer, observed and expected frequen-
cies were practically identical. Griesser and Schmidt[7] found among 580
cases who had a stomach resection because of gastric ulcer 77 patients
(13.3%) suffering from a stump carcinoma decades later. When the indication
for stomach resection was a duodenal ulcer, only 6.25% of the patients
developed a cancer. On the other hand, cancer also appeared later in patients
with gastric ulcer treated conservatively, the percentage being 10.7%.

Therefore, the possibility has to be considered that gastric ulcer per se, apart
from any changes caused by the operation, might be a factor in cancer
pathogenesis. In other investigations, no difference was shown in the inci-
dence of cancer of the gastric stump as related to the primary ulcer
site [11, 32]. Hammar[21], reporting on 56 cases with cancer of the gastric
stump, observed a predominance of duodenal ulcer.

6. DIAGNOSIS AND THERAPY

6.1. Clinical and Diagnostic Symptoms

The physician runs the risk of attributing the symptoms of a developing
cancer of the gastric stump to a benign disorder of the remaining stomach.
Therefore, special attention must be paid to patients who have undergone
gastric resection ten years or more earlier and who, after remaining in good
health, suddenly develop epigastric disorders, accompanied with a deteriora-
tion of the general state of health.

Symptoms are as follows (Figure 4): 1. Loss of weight, pain or feeling of
epigastric heaviness, loss of appetite, and fatigue. These symptoms do not
differ from those seen in gastric cancer in general. 2. Vomiting of gastric
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Figure 4. Clinical symptoms in 58 patients with cancer of the gastric stump (University Hospital
of Hamburg).

contents suggests malignant obstruction of the anastomosis. When the cancer
occupies the proximal part of the stomach as well as the distal esophagus,
patients complain of regurgitation, dysphagia and sialorrhea. 3. Anemia is a
common symptom whereas massive gastrointestinal hemorrhage with hema-
temesis and melena is seldom observed. The average duration of these symp-
toms is 8 months[34].

6.2. Endoscopy

Endoscopic observation of the postoperative stomach is adequately per-
formed by the modern forward-viewing fiberoptic gastroscopes. Gastroscopy
not only provides an accurate localization of malignancy (Figure 5) but also
offers the definite histological diagnosis by biopsy or by cytology. Due to
gastroscopy, an increasing number of cancers of the gastric stump have been
detected [9, 10, 26, 41]. Several authors conclude that a higher number of gas-
tric stump carcinomas may be detected at an early stage[10, 41, 52] and that
endoscopy of the whole gastric stump, with multiple biopsies and brush
cytology from the gastrojejunal anastomosis, is of crucial importance to
improve the prognosis of these patients.

6.3. Radiologic Examination

Cancer of the gastric stump is not as easy to recognize for the radiologist as
is cancer of the intact stomach. The literature contains numerous references
to the limitations of X-ray examination in the diagnosis of cancer in the
gastric remnant. Most of the interpretations by X-ray were marginal ulcer or
recurrent duodenal ulcer with complications [53-55]. Conventional radiologic
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Figure 5. View through fibergastroscope to a tumour (arrow) arising from a gastrojejunal anasto-
mosis of a patient with partial gastrectomy (Billroth II).

examination can not confirm the diagnosis in more than 50% of cases[55].
However, the double contrast Roentgen method has been emphasized as
helpful in the early diagnosis of cancer of the gastric stump[56]. One of the
radiological problems is to know with certainty what operation was in fact
originally performed. The malignant lesions are capable of imitating various
morphological alterations effected by the previous surgical procedures. In the
advanced state, the hourglass stomach is a common feature of cancer of the
gastric stump (Figure 6). However, a funnel-shaped rigidity of the wall of the
gastric remnant is not at all a definite sign of cancer (Figure 7). In order to



174 K. DAHM

Figure 6. X-ray examination of a gastric stump showing irregular constriction due to a narrowing
cancer in the advanced stage.

exclude or to prove a stump carcinoma, we combine radiological examination
with subsequent gastroscopy.



GASTRIC STUMP CANCER 175

Figure 7. X-ray examination of a gastric stump, 28 years after partial gastrectomy (Polya type B I

resection). No tumour was found at laparotomy. The funnel-shaped rigidity of the distal part of
the stomach was due to adhesions.

6.4. Surgical Therapy

A considerable number of patients suffering from cancer of the gastric
stump are inoperable by the time they come to surgery. Only 22 of 58
patients treated at the University Hospital of Hamburg were eligible for
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Figure 8. Time of survival of 22 patients undergoing curative resection for cancer of the gastric
stump (University Hospital of Hamburg). Insert: Survival time of patients not operated on
because of general metastasis (from [57]).

curative resection of the tumour. The majority of cases with a gastric stump
cancer are no longer curable due to the existence of visceral or general
metastasis, but some can benefit from palliative measures.

The prognosis for cure is poor[4, 16,24, 57). Sporadic cases of long time
survivors rarely appear in the literature [36, 54, 57]. Figure 8 shows the dura-
tion of survival of our patients undergoing curative resection as compared to
those not subjected to surgical therapy. Among the 22 of our patients who
underwent resection for cure, three are living, apparently free of tumour, six
years after extirpation of the cancer of the gastric stump.

Apart from general metastasis, surgical interventions are limited by the
advanced age of the patients. Due to the invasive growth of the gastric stump
cancer, resection for cure can be achieved in the majority of cases only by
removing parts of the adjacent organs such as the pancreas, liver or large
intestine. In our patients, a variety of surgical procedures have been per-
formed: Subtotal gastrectomy, 12; total gastrectomy, 10; splenectomy, 5; par-
tial pancreatectomy, 3; resection of the left lobe of the liver, 2; and, partial
resection of the large bowel, 5. The continuity of the digestive tract was
reconstructed by different methods such as Roux en Y-esophagojejunostomy,
interposition of an isolated jejunal loop between esophagus and duodenum,
gastroduodenostomy or gastrojejunostomy.

7. PATHOLOGY

7.1. Macroscopic Findings
Carcinoma of the gastric stump is either exophytic or appears as an ulcer.
Exophytic tumours are more common. Because of the late onset of symp-
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Figure 9. A. Operation specimen of a huge carcinoma covering the whole gastric stump of a
68-year-old man, 19 years after partial gastrectomy for ulcer. B. X-ray examination of the
tumour.

toms, the surgeon often finds huge carcinomas encompassing nearly the
entire gastric stump (Figure 9). The direction of the malignant growth is
mainly along the minor site of the gastric remnant from distal to proximal. At
an early stage, adjacent organs such as pancreas, liver, and colon are infil-
trated by tumour. Several authors have focused attention on the resistance of
small intestine to invasion by the stump carcinoma [4, 34].

7.2. Localization

Studies concerning the localization of cancer of the gastric stump have
pointed to the gastroenteric stoma as a specific area that seems to be partic-
ular liable to cancerous changes|[4,22,26,33,46,57]. Early cancer of the
gastric stump arises often at or near the anastomosis[41, 52]. In the Univer-
sity Hospital of Hamburg, seven patients were gastrectomized because of early
cancer of the gastric stump. In all but one, early gastric cancer developed near
the anastomosis of a Billroth II partial gastrectomy (Polya type) (Figure 10).
Hammar studied 65 autopsy specimens and provided strong evidence for a
typical site of cancer growth within the Billroth II stoma, the tumour extend-
ing towards the posterior wall near the efferent loop[21].
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Figure 10. llc-type of the Japanese classification of early gastric cancer developing in a gastroent-
eric anastomosis.

7.3. Microscopic Findings

The histology shows all forms of gastric carcinoma. According to our
experience, adenocarcinoms form the major group. Beside these, solid as well
as anaplastic forms are observed. The new classification of gastric cancer
according to Laurén [58], used more often in recent years, has not shown new
findings [59].

7.3.1. Polyps. More interesting are those changes that might point to an
increased risk of cancer development or are reactions accompanied with a
gastric stump carcinoma. Polyps are more frequent in the residual gastric
remnant than in the intact one[60]. In any case, suspect polypoid findings
should be removed by the endoscopist using snare biopsy. Histological exam-
ination often shows reactive or regenerative changes of the anastomosis or of
the gastric remnant described as foveolar hyperplasia[27, 61], gastritis cystica
pseudopolyposa (Figure 11)[4, 62, 63] or regenerative polyps[64]. Malignant
transformation has not been demonstrated in these alterations. In contrast to
regenerative polyps, adenomatous polyps occurring also in the gastric stump
should be regarded as premalignant [65].

7.3.2. Intestinalization. Another morphologic change, often observed near a
gastroenterostomy, is the intestinalization of the gastric mucosa (Figure
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Figure 11. Gastritis cystica polyposa occurring in a gastroenteric anastomosis. Note dilated glands
partially dislocated into the submucosa (hematoxylin—eosin, x40 (from [80]).

12)[4, 64, 66]. Intestinal metaplasia is more frequent following a gastroduode-
nostomy (Billroth I) than it is after gastrojejunostomy (Billroth 1I)[64]. Some
authors have suggested that intestinal metaplasia bears an increased risk of
cancer[67], whereas other point to the fact that goblet cells and Paneth cells
are highly differentiated and that carcinoma and intestinal metaplasia are not
necessarily correlated [68] (see Chapter 5).

7.3.3. Lipid Islands. Lipid islands, visible as small white or yellow-white
patches in the gastric mucosa, are frequently observed in postoperative
patients [69]. Histologically, these patches consist of foam cells beneath the
surface epithelium. The occurrence of single or multiple islands increases with
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Figure 12. Gastric mucosa showing intestinalization (int), 44 years after gastroenterostomy (he-
matoxylin—eosin, x 16 (from [80]).

time after operation, independently of the original ulcer disease or the type of
operation performed. In diagnosing early gastric carcinoma at gastroscopy in
the stomach operated on, it is important for the clinician and the pathologist
to be aware of the lipid islands because these alterations can be mistaken for a
signet ring cell carcinoma [70].

7.3.4. Dysplasia. Some possible precancerous lesions found in the gastric
mucosa are defined as dysplasias (Figure 13) (see Chapters 1 and 5). Dysplasia
of the gastric glands is characterized on the basis of cytological as well as
structural abnormalities[71]. These are divided into three degrees of mild,
moderate and severe dyplasia. Dysplasias are often observed in the neigh-
bourhood of early gastric cancer as well as in the mucosa of a gastric remnant
decades after partial gastrectomy [72]. In some cases, they are situated either
immediately bordering early gastric cancer or showing transitions to the latter.
According to our present knowledge, severe dysplasia of the mucosa of the
gastric remnant should be regarded as a possible precancerous lesion. No
indication exists for surgical intervention in patients exhibiting severe dyspla-
sia only. However, supervision by gastroscopy is mandatory.

7.3.5. Atrophic Gastritis. Since the extensive studies of G.E. Konjetz-
ny [73, 74], it has been known that chronic atrophic gastritis is a premalignant
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Figure 13. Moderate dysplasia of the foveolar glands in a gastric remnant, 26 years after partial
gastrectomy. Note metaplasia of pseudopyloric glands (hematoxylin—eosin, x 100).

condition prone to transform in time into gastric cancer. Partially gastrectom-
ized patients show atrophic gastritis at a higher frequency and to a more
severe degree than age-matched controls with intact stomachs[7, 60, 75, 76].
In long-term follow-up studies, patients with chronic atrophic gastritis have a
higher incidence of gastric carcinoma than the general population [43, 44].
Although atrophic gastritis is supposed to have an increased risk of cancer
development, some authors hesitate to regard it as a precancerous condition
leading unavoidably to cancer of the gastric stump[78].

8. EXPERIMENTAL CANCER OF THE GASTRIC STUMP

Many questions concerning the pathogenesis of the gastric stump carcinoma
have not been answered by clinical research. Therefore, we looked for an
experimental model in order to resolve the following problems: First, is the
gastric remnant really more susceptible to cancer development than the intact
one? Second, is there any influence of chronic duodenogastric reflux on
cancer development?

In the first series of experiments, 66 male Wistar rats were subjected to
partial gastrectomy according to either the Billroth I or the Billroth II proce-
dure. These rats, as well as control animals, were fed the carcinogen N-
methyl-N’-nitro-N-nitrosoguanidine (MNNG). Of 66 rats, 25 developed carci-
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Figure 14. Carcinoma of the gastric stump arising from the gastrojejunal anastomosis of a rat, 31
weeks after daily oral administration of MNNG (from [46]).

noma in the gastric remnant. The tumours were characterized histologically as
adenocarcinoma. Mostly, the carcinomas were localized near the gastroenteric
anastomosis (Figure 14). The process of tumour development in the partially
resected stomach of the rat was completed within 17 to 31 weeks on contin-
uous feeding of MNNG in a concentration of 120 mg/l in the drinking water.
Control animals, either with intact stomachs treated with the carcinogen or
operated on and kept under normal diet and tap water, showed no develop-
ment of cancer up to the 31st week. In contrast to these findings, the
formation of cancer in the intact stomachs required on average 41 weeks under
the same experimental conditions. With regard to the incidence of malignant
changes, no significant difference was observed between animals undergoing
the Billroth I procedure and those undergoing the Billroth II procedure. The
results suggested that the partially resected stomach of the rat is more
susceptible to induction of cancer than the intact one. Exposure of the
resected stomach to an oral carcinogen (MNNG) induced carcinogenesis pre-
dominantly in the anastomotic region [46].

In a second series of experiments, we tried to answer the question whether
the duodenogastric reflux has any influence on the malignant cell growth in
the gastric stump, especially at the anastomosis. Seventy-two male Wistar rats
were subjected to partial stomach resection. A gastroenteric anastomosis (GE)
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was performed either as short loop anastomosis (Polya type Billroth II;
n = 39), thus providing a continuous duodenogastric reflux, or as Y-shaped
GE (according to Roux; n = 33). By the latter technique, bile and pancreatic
juices were diverted into the jejunum without coming into contact with the
gastric remnant. All animals, including a control group with intact stomachs,
were fed MNNG in the drinking water. At autopsy, most of the tumours
were found in the animal group subjected to chronic duodenogastric reflux
(Polya-Billroth II group). The incidence of carcinomas of the gastric stump
was significantly lower in rats without reflux (Roux group or intact control
group). The results of these experiments demonstrated that, in rats, the
duodenogastric reflux contributed substantially to the development of cancer
of the gastric stump [47].
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8. Metabolic Epidemiology of Large Bowel Cancer

M.J. HILL

1. INTRODUCTION

Large bowel cancer is one of the major neoplasms in western countries and
is the major site of carcinogenesis in the United States[1]; the prognosis is
relatively good (compared with, for example, cancer of the stomach, lung or
pancreas) so that lung cancer remains the major cause of death from malig-
nancy with colorectal cancer second to lung cancer in men, to breast cancer in
women and to lung cancer when both sexes are combined.

Because bowel cancer appears to be related to life style it is potentially
preventable; consequently, during the last 23 years (since the key paper by
Wynder and Shigematsu [2]) there has been great interest in determining the
etiology of the disease. In this paper I shall describe the epidemiology of the
disease and the predisposing and associated diseases. The possible causative
agents will then be described followed by a summary of the evidence for a
role for the bile acids as co-carcinogens. These results of the metabolic
epidemiology will then be discussed in terms of the results of the histopatho-
logy of the disease and the adenoma-carcinoma sequence.

2. EPIDEMIOLOGY OF COLORECTAL CANCER

There have been many previous in-depth studies of the epidemiology of
colorectal cancer; examples include these by Wynder[3], Correa and Haens-
zel[4], Hill[5], Berg and Howell [6] and Burkitt[7]. The reader is referred to
these for a detailed treatment of the subject; here I will give a summary of the
types of observation that have been made together with some of the more
recent findings.

J.J. DeCosse and P. Sherlock (eds.), Gastrointestinal cancer 1, 187-226. All rights reserved.
Copyright © 1981 Martinus Nijhoff Publishers, The Hague/Boston/London.
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2.1. Geographical Distribution

There have been a number of studies comparing the incidence of colorectal
cancer in various countries based on the data compiled by cancer registries.
These include the regular compilations by Segi[8], and by the International
Agency for Research in Cancer[9, 10]; in addition, publications have included
estimates from less reliable sources to give a wider coverage of Asia and
Africa[l1]. The clear indications from these are that the disease is common in
North-West Europe, North America and Australasia and, relatively rare in
Africa, Asia, Central and South America and Eastern Europe (Table 1). In
South America there are areas of high incidence in Uruguay and Northern
Argentina (the River Plata area) adjacent to areas of low incidence. In Europe
the incidence is lower in the south and east than in the north and west. At a

Table 1. The incidence of colon and rectal cancer in various countries (data from ref. [11] for
men, age adjusted 35-64 years per 100,000 per annum).

Colon Rectum
Asia
India 6.6 8.0
Japan, Miyagi 5.0 8.1
Singapore 4.6 8.5
Afiica
Nigeria 2.8 3.1
S. Africa — white 17.9 10.8
- coloured 13.7 5.6
— Indian 2.5 5.1
— African 6.6 4.5
Mozambique 5.3 0.1
S. America
Colombia 5.7 39
Chile 5.8 6.0
Venezuela 7.3 44
N. America
USA - white 26.6 15.6
- black 25.6 16.0
Canada - Alberta 20.3 12.4
Europe
England and Wales — Birmingham 17.4 20.7
Denmark 17.1 20.8
France 20.2 16.8
Bulgaria 7.8 13.2
Italy 16.0 11.6

Poland 8.2 7.5
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cursory glance the distribution of the disease indicates a genetic predisposition
to the disease in populations of Anglo-Saxon or Scandinavian origin.

2.2. Migrant Studies

The study of migrants is a powerful tool in the investigation of the relative
importance of genetic and environmental factors in the causation of disease.
Migrants from Europe to the United States and to Australia, and from Japan
to the United States have been investigated in great depth; in all of these
studies it is clear that persons moving from an area with a low risk of
colorectal cancer to the United States or Australia, both of which have a high
risk of the disease, rapidly achieve an incidence of the disease similar to that
of their new homeland and very much higher than that of their country of
origin[12, 13]. From these studies it is apparent that genetic factors are of
only minor importance compared with environmental factors in determining
the risk of the disease in populations. This does not imply that genetic factors
are unimportant per se; indeed in individuals it is likely that they are very
important. However, the full genetic predisposition to the disease may only be
expressed under certain environmental conditions.

2.3. Colon Cancer Incidence within a Country

Within a country, the risk of a cancer may vary between regions, between
sexes, between socioeconomic groups, between races, and between areas of
different population density. It may also vary with time. These will be
discussed in turn.

2.3.1. Variation between Regions. Such variations have been noted in many
countries. In the United Kingdom there is an increasing incidence from south
to north and from east to west (Table 2). Similarly there is a variation
between the Canadian provinces (Table 2). Within the United States the
incidence is highest in the north and east and lowest in the south and
west [14]. Within the Sudan, the incidence is much higher in the north than in
the south[15], this may be due to differences in social class.

2.3.2. Variations between the Sexes. Large bowel cancer is one of the few
cancers that are as common in women as in men (Table 3), the ratio being
between 0.8 and 1.2 in most countries. This apparent uniformity in incidence
hides some differences; the incidence of colon cancer is greater in women
than men below the age of 60-70 but is higher in men in the older age
groups and is higher in men at all ages for rectal cancer.

2.3.3. Variations between Socioeconomic Groups. In the high risk popula-
tions of the western world there is little difference in the incidence of
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Table 2. Variation in the incidence of cancer of the colon and rectum by region in the United
Kingdom and in Canada (data from ref. [11] and from Doll (personal communication).).

Incidence of colon cancer Incidence of rectal cancer
Males Females Males Females
Scotland 28.2 34.2 23.3 17.3
England — Liverpool 24.1 25.8 15.4 10.5
— Birmingham 17.4 20.9 20.7 12.9
— S. Metropolitan 15.8 20.5 16.2 10.9
— S. West 17.2 18.2 16.6 10.3
Northern Ireland 21.9 33.7 18.7 16.0
Canada — Alberta 20.3 26.0 12.4 9.0
— Saskatchewan 18.0 254 18.8 14.2
— Manitoba 29.8 33.0 15.2 15.1
— New Brunswick 24.1 38.0 16.8 17.1
— Newfoundland 24.9 25.5 5.5 9.4

Table 3. Ratio of age adjusted incidence rates in males: females for colon cancer (for details see
ref. [S]).

<0.8 0.8-1.0 1.0-1.2 >1.2
Africa Uganda S. Africa—white Nigeria S. Africa—black
Asia Israel Japan Taiwan
India
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